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Abstract
Purpose  To analyse recent epidemiological trends of bloodstream infections (BSI) caused by Enterococcus spp. In adult 
patients admitted to tertiary care centres in Germany.
Methods  Epidemiological data from the multicentre R-NET study was analysed. Patients presenting with E. faecium or E. 
faecalis in blood cultures in six German tertiary care university hospitals between October 2016 and June 2020 were pro-
spectively evaluated. In vancomycin-resistant enterococci (VRE), the presence of vanA/vanB was confirmed via molecular 
methods.
Results  In the 4-year study period, 3001 patients with BSI due to Enterococcus spp. were identified. E. faecium was detected 
in 1830 patients (61%) and E. faecalis in 1229 patients (41%). Most BSI occurred in (sub-) specialties of internal medicine. 
The pooled incidence density of enterococcal BSI increased significantly (4.0–4.5 cases per 10,000 patient days), which was 
primarily driven by VRE BSI (0.5 to 1.0 cases per 10,000 patient days). In 2020, the proportion of VRE BSI was > 12% in 
all study sites (range, 12.8–32.2%). Molecular detection of resistance in 363 VRE isolates showed a predominance of the 
vanB gene (77.1%).
Conclusion  This large multicentre study highlights an increase of BSI due to E. faecium, which was primarily driven by 
VRE. The high rates of hospital- and ICU-acquired VRE BSI point towards an important role of prior antibiotic exposure 
and invasive procedures as risk factors. Due to limited treatment options and high mortality rates of VRE BSI, the increasing 
incidence of VRE BSI is of major concern.
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Introduction

Enterococcus species are commensals of the gastrointestinal 
system but may cause severe diseases including bloodstream 
infection (BSI) and endocarditis, which are predominantly 

caused by the species Enterococcus faecalis and E. faecium. 
Enterococci exhibit intrinsic resistances towards several 
antimicrobial classes including cephalosporins, lincosa-
mides, fluoroquinolones, and aminoglycosides. Resistance 
to vancomycin is predominantly found in E. faecium but 
can also occur in E. faecalis. Treatment options are limited 
in both, vancomycin-susceptible E. faecium (VSEfm) and 
vancomycin-resistant E. faecium (VREfm) [1].

According to the Global Burden of Disease Study, E. 
faecium and E. faecalis range within the top 10 pathogens 
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associated with global mortality of infectious syndromes 
in 2019 [2]. In particular, an estimated 100,000 to 250,000 
global deaths are likely to be associated with antimicrobial 
resistance of E. faecium [3]. Compared to the quite stable 
incidence of infections due to carbapenem-resistant Gram-
negative bacteria, and declining incidence of invasive infec-
tions due to methicillin-resistant Staphylococcus aureus 
(MRSA), epidemiological data from Germany have shown 
an increase of invasive infections caused by vancomycin 
resistant enterococci (VRE), particularly in intensive care 
units (ICU) since 2007 [4–7]. Mortality of severe BSI or 
infective endocarditis due to enterococci may range between 
20 and 30% and persistent bacteraemia was shown to be a 
risk factor for poor outcomes in VRE BSI [8–10]. A recent 
meta-analysis of data from Europe showed a pooled inci-
dence of nosocomial enterococcal infections up to 24.8 cases 
per 1000 patients over 10 years (2010–2020), which was 
associated with high mortality rates of 21.9% for all entero-
cocci and 33.5% for VRE, respectively [10].

Invasive infections due to enterococci may be accelerated 
by prior exposure to antimicrobial agents leading to an 
increased density of gastrointestinal and mucocutaneous 
colonization with Enterococcus spp. Subsequently 
foreign devices like intravascular catheters pose a risk of 
hospital-acquired infections [1, 11]. The prevalence of 
VRE colonization of patients is increasing in the US and 
in Europe, which, in Germany, is paralleled by expansion 
of the sequence type (ST) 117 [12–17]. Yet, the potential 
consequences with regard to the occurrence of BSI are not 
known.

Within this study we aimed to investigate current 
epidemiological trends and resistance profiles in BSI due 
to Enterococcus spp. in patients at six German university 
hospitals with a focus on critically ill, often comorbid 
patients that represent a major subgroup at risk for 
enterococcal infections over a period of 4 years.

Methods

Study participants, settings, and definitions

The study was conducted at six German tertiary care 
university hospitals (centre 1–6) as a multicentre 
prospective non-interventional cohort study (R-Net) 
performed within the German Center for Infectious 
Diseases Research (DZIF). Patients with blood cultures 
growing at least one target pathogen (comprising 
Acinetobacter baumannii, Enterobacter spp., Escherichia 
coli ,  Klebsiella  spp., Pseudomonas aeruginosa , 
Staphylococcus aureus, E. faecium and E. faecalis) 
aged ≥ 18 years and admitted to hospital between October 
2016 and June 2020 were included. Patients hospitalized 

in departments of dermatology, ophthalmology and 
psychiatry/psychosomatics were excluded. Only data 
of patients with positive blood cultures for E. faecium 
or E. faecalis were analysed in this study. Age, date of 
admission, and the blood culture sampling department 
were recorded.

Polymicrobial bloodstream infection was defined 
as detection of ≥ 2 different R-Net target pathogens in 
one blood culture set. Repeated detection of identical 
enterococcal isolates in blood cultures obtained within ≤ 30 
days was defined as one episode, while detection > 30 days 
was considered as a new episode (except cases of ongoing 
persistent bacteraemia). Hospital-acquired BSI was 
defined as detection of a target pathogen in blood cultures 
taken ≥ 48 h after admission. Data on admission (patient 
cases) and patient days (occupied bed days) were obtained 
from each hospital for the study period from October 2016 
to December 2019.

Bacterial isolate collection and antimicrobial 
susceptibility testing

Aerobe and anaerobe blood cultures were collected at 
the discretion of the clinicians using the locally available 
blood culture systems (e.g., BD BACTEC™, Becton 
Dickinson, Heidelberg, Germany, or BacT/ALERT®, 
bioMérieux, Nürtingen, Germany). Incubation of blood 
cultures and identification of pathogens were performed 
in local microbiology laboratories according to standard 
protocols. In  vitro susceptibility testing of ampicillin, 
linezolid, teicoplanin and vancomycin was conducted 
using standardized testing procedures (e.g. VITEK2 AST 
P592 cards and Etest, bioMérieux). Minimum inhibitory 
concentrations (MICs) were interpreted using EUCAST 
breakpoints for Enterococcus spp. (Version 10.0, January 
2020). Vancomycin resistance was defined as MIC > 4 mg/l. 
All clinical isolates obtained within the study period were 
included for phenotypic susceptibility testing. In a subset of 
VRE isolates, vanA/vanB was confirmed by PCR.

Statistical methods

For statistical analysis of differences between two groups 
Mann–Whitney-U-Test and for differences between 
multiple groups Kruskal–Wallis-Test or one-way-ANOVA 
were performed. Trends were shown using simple linear 
regression models. Logistic regression models were used for 
identifying independent risk factors. Statistical significance 
was defined as p < 0.05. For statistical analyses and graphic 
illustrations GraphPad Prism Version 9.3.1 (GraphPad 
Software, San Diego, USA) was used.
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Ethics

The R-Net study was approved by the respective institutional 
review boards at each study site (approval number 16-309).

Results

A total of 3001 patients with enterococcal BSI were iden-
tified. In 72 patients a persistent enterococcal BSI was 
detected (70 patients with two and two patients with three 
positive blood cultures, but no new BSI episode), resulting 
in a total of 3075 clinical blood culture isolates (Table 1). 
Of note, 58 patients had BSI with both E. faecalis and 
E. faecium. Polymicrobial BSI (with other R-Net target 
pathogens) occurred in about 16% of patients with higher 
rates in E. faecalis BSI (24.4%) than in BSI due to E. fae-
cium (13.1%; p = 0.016). Overall, E. faecium was the pre-
dominant species (1830 cases [61.0%] compared to 1229 
cases with E. faecalis [41.0%]), but the proportions var-
ied substantially between study sites (range, 43.6–71.5%; 

p < 0.0001) (Fig. 1A). VRE BSI were detected in a total of 
569 patients (19.0%), ranging from 8.6% to 22.2% between 
centres (Table 1). The vast majority of VRE BSI was 
caused by E. faecium, with only three VRE BSI caused 
by E. faecalis.

The median age of patients with enterococcal BSI was 
67 years (Table 1). Patients with E. faecalis BSI had a 
higher median age than patients with E. faecium BSI (71 
vs. 65 years, p < 0.0001) and were slightly more often of 
male sex (69% vs. 65%, p = 0.008).

Most enterococcal BSI were hospital-acquired (70.8%), 
observed in internal medicine departments (62.9%) 
and among patients admitted to general wards (54.1%) 
(Table 1), with similar rates at all sites (Supplemental 
Fig. 1). Hospital acquisition was most frequent for E. 
faecium (84.2%), in particular for VRE (86.3%). The 
highest proportions of E. faecium cases were seen in 
departments of haematology-oncology (79.1%, range 
between centres, 71.4% to 83.3%). Interestingly, the lowest 
proportion of E. faecium (31.4%) was seen in neurology 
and neurosurgery units.

Table 1   Demographics and characteristics of patients with Enterococcus spp. BSI

1 Overall number of clinical isolates detected in blood cultures. 72 patients showed multiple detection of the same enterococcal BSI
2 58 patients had BSI with both E. faecium and E. faecalis
3 One patient had two positive blood cultures with VRE
4 n.a.: not available

Characteristics Enterococcus spp. E. faecalis E. faecium VRE

No. of patients with BSI 3001 12292 (41.0%) 18302 (61.0%) 5693 (19.0%)
All clinical isolates1 3075 1230 (40.0%) 1845 (60.0%) 570 (18.5%)
Cases/1000 admissions (median) 1.97 (IQR 1.88–2.15) 0.87 (IQR 0.82–0.88) 1.15 (IQR 1.07–1.32) 0.32 (IQR 0.24–0.47)
Cases/10,000 patient-days (median) 4.15 (IQR 4.0–4.45) 1.81 (IQR 1.76–1.84) 2.44 (IQR 2.25–2.73) 0.68 (IQR 0.51–0.97)
Age (years, median) 67 (IQR 57–77) 71 (IQR 61–79) 65 (IQR 56–74) 65 (IQR 55–73)
Male sex, n (%) 2000 (66.6%) 848 (69.0%) 1190 (65.0%) 367 (64.5%)
No. of patients with polymicrobial BSI 

(≥ 2 pathogens)
481 (16.0%) 300 (24.4%/62.4%) 239 (13.1%/49.7%) 72 (12.7%/15.0%)

Department/Unit
 Internal medicine 1888 (62.9%) 693 (56.4%/36.7%) 1230 (67.2%/65.2%) 397 (69.8%/21.0%)
 Haematology/oncology 316 (10.5%) 69 (5.6%/21.8%) 250 (13.7%/79.1%) 74 (13.0%/23.4%)
 Surgery 757 (25.2%) 339 (27.6%/44.8%) 438 (23.9%/57.9%) 132 (23.2%/17.4%)
 Visceral surgery 444 (14.8%) 180 (14.7%/40.5%) 277 (15.1%/62.4%) 73 (12.8%/16.4%)
 Neurology, neurosurgery 105 (3.5%) 74 (6.0%/70.5%) 33 (1.8%/31.4%) 9 (1.6%/8.6%)

Other 251 (8.4%) 123 (10.0%/49.0%) 129 (7.1%/51.4%) 31 (5.4%/12.4%)
 Level of care
 ICU 1366 (45.5%) 428 (34.8%/31.3%) 962 (52.6%/70.4%) 331 (58.2%/24.2%)
 General ward 1623 (54.1%) 793 (64.5%/48.9%) 864 (47.2%/53.2%) 237 (41.7%/14.6%)
 n.a.4 12 (0.4%) 8 (0.7%/66.7%) 4 (0.2%/33.3%) 1 (0.2%/8.3%)

Acquisition of BSI
 Hospital-acquired 2125 (70.8%) 622 (50.6%/29.3%) 1540 (84.2%/72.5%) 491 (86.3%/23.1%)
 ICU 1103 (36.8%) 251 (20.4%/22.8%) 870 (47.5%/78.9%) 302 (53.1%/27.4%)
 Regular ward 1022(34.1%) 371 (30.2%/36.3%) 670 (36.6%/65.6%) 189 (33.2%/18.5%)
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The median overall incidence was 1.97 enterococcal 
BSI per 1000 admissions (range 1.87–2.18) correspond-
ing to an incidence density of 4.15 BSI episodes per 
10,000 patient-days (range 3.99–4.51) during the study 
period (Table 1). The incidence of E. faecium BSI was 
significantly higher with 1.15 cases (vs. 0.87 cases in 
E. faecalis BSI) per 1000 patients (p = 0.029) while the 
incidence density was 2.44 E. faecium BSI episodes (vs. 
1.81 E. faecalis BSI episodes) per 10,000 patient-days 
(p = 0.029). Yet, detection of E. faecium and VRE was 
particularly pronounced in ICU patients (9.15 and 3.27 
BSI episodes per 10,000 patient-days, respectively).

Temporal trends in distribution of Enterococcus spp. 
BSI isolates

The aggregated number of enterococcal BSI in all centres 
(data from 2017 to 2019) showed an overall increase of 
4.8% each year with 748 patients in 2017, 784 patients in 
2018 and 822 patients in 2019 (Fig. 1B), but with diver-
gent trends for E. faecium and E. faecalis. The proportion 
of BSI due to E. faecium increased significantly from 
55.8% in 2016 to 67.9% in 2020 (p = 0.0108), however 
with differing trends in the study sites (Fig. 1C). The 
overall incidence and incidence density of enterococcal 
BSI increased, which was driven by increasing numbers 
of E. faecium and VREfm BSI (Figs. 2 and 3). Conversely, 
both the incidence and incidence density of VSEfm and 
E. faecalis BSI did not show any significant trends during 
the observation period and the proportions of E. faecalis 
BSI decreased (from 45.4% to 33.0%) while those of E. 
faecium BSI increased (driven by the increasing propor-
tion of VREfm BSI from 12.1% in 2016 to 23.0% in 2020) 
(Fig. 2 and 3B). Linear regression analysis showed no 
increase of patients’ median age during the observation 
time, but logistic regression analysis showed a lower age 
as independent risk factor for VRE bloodstream infec-
tion (p < 0.001). In addition, an increase of numbers of 
enterococcal BSI was observed especially in departments 
of internal medicine in some study centres (Supplemental 
Fig. 1). The percentage rate of VREfm BSI (compared to 
all enterococcal BSI) increased until 2019 to more than 

25% in all departments of haematology-oncology at the 
various study sites (no data for centre 5 available).

In vitro antibiotic susceptibility and molecular 
resistance

A total of 3075 enterococcal isolates from 3001 patients 
underwent phenotypic susceptibility testing. 1181 of 1189 
E. faecalis isolates (99.3%), which were tested for ampicillin 
susceptibility, were susceptible or intermediate susceptible 
(Table  2) (41 E. faecalis isolated were not tested). 
Vancomycin resistance was detected in only three E. faecalis 
isolates (0.3%). In contrast, 1705 of 1811 (94.1%) E. faecium 
isolates were resistant to ampicillin. Among E. faecium 
isolates, vancomycin susceptibility was found in 68.5%, and 
teicoplanin susceptibility in 87.6% of isolates. Of 498 tested 
VRE isolates, 307 (61.4%) tested susceptible to teicoplanin. 
An additional PCR-based analysis of the resistance genes 
vanA and vanB was performed in a subgroup of 363 VRE 
isolates, (Table 3). VanA was detected in 81 isolates (22.3%) 
and vanB in 280 isolates (77.1%), while two isolates had 
both vanA and vanB. Teicoplanin MIC testing of 302 PCR-
tested isolates showed an overall susceptibility of 220 
isolates (72.8%). Isolates with vanA were predominantly 
resistant to teicoplanin (76/78 isolates, 97.4%) while 218 
of 222 vanB-positive isolates (98.2%) were susceptible to 
teicoplanin. Low rates of linezolid resistance were found in 
both E. faecalis (10/1187, 0.8%) and E. faecium (38/1803, 
2.1%), including VRE (18/566, 3.2%) without significant 
changes during the study period (Supplemental Fig. 2).

Discussion

Our analysis highlights important aspects concerning 
epidemiological features of enterococcal BSI in a tertiary 
care setting in Germany: (i), we observed an overall 
increasing trend of BSI due to E. faecium, which is primarily 
driven by VREfm; (ii), VRE BSIs are predominantly 
acquired in the hospital, and in particular in the ICU and 
are most frequent in internal medicine departments; (iii), 
number, proportion and incidence of VRE BSI as well as 
temporal trends show a significant variability among the 
different study centres; and (iv), the epidemiology of VRE 
in Germany is dominated by a high prevalence of the vanB 
gene.

Increasing rates of vancomycin resistance in enterococci 
has been reported in Germany in several recent studies [4–6] 
most of which investigated a variety of hospital-acquired 

Fig. 1   Distribution of enterococcal species and temporal trends per 
study site. A Overall median proportion of E. faecium in enterococcal 
BSI over the whole study period per study site (with 95 CI of median; 
Mann-Whitney-U-Test p ≤ 0.05 [*], p ≤ 0.01 [**]). B Total annual 
number of patients with enterococcal BSI in the participating study 
centres. C Temporal trends in the pooled proportion of E. faecium in 
enterococcal BSI over time (Linear regression p ≤ 0.05 [*])

◂
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infections comprising BSI, urinary tract, and surgical site 
infections. Interestingly, an analysis of VRE colonization in 
hospitalized patients of the same study centres revealed an 
increasing admission prevalence from 0.8% to 2.6% between 
2014 and 2018 [16]. Our findings are in concordance with 
previous analyses and suggest a correlation between increas-
ing colonization of hospitalized patients and occurrence of 
VRE BSI [4–6, 15].

The present study clearly shows that E. faecium has 
replaced E. faecalis as leading cause of BSI in tertiary care 
centres. Compared to the annual ECDC reports on invasive 
VRE isolates in European countries, our data show a higher 
proportion of VRE BSI. A decline of VRE BSI as described 
in the ECDC report of 2020 was not evident from our data of 

German tertiary care hospitals [12]. Moreover, in compari-
son to Brinkwirth et al., who also analysed epidemiological 
data of hospital-acquired enterococcal infections in Europe, 
we observed a higher incidence and a higher incidence-
density for hospital-acquired enterococcal BSI and VRE 
BSI, which may be explained with our focus on German 
tertiary care centres but also with differences in prevalence 
of VRE colonization between different countries [10, 18]. 
However, we found a significant variation in the proportion 
of BSIs due to E. faecalis, VSE and VRE among different 
study centres, which is also present in the ECDC reports 
and other studies [4, 10, 12]. Although all recruiting cen-
tres were tertiary care hospitals, differences concerning the 
number of haematology/oncology patients or ICU patients 

Fig. 2   Incidence and inci-
dence density of BSI due to 
Enterococcus spp., E. faecium, 
E. faecalis, vancomycin-
susceptible E. faecium (VSEfm) 
and vancomycin-resistant E. 
faecium (VREfm); statistical 
significance calculated with 
linear regression (p ≤ 0.05 [*], 
p ≤ 0.01 [**]). A Annual trends 
for pooled incidence of entero-
coccal BSI (no. of BSI per 1000 
admissions). B Annual trends 
for pooled incidence density of 
enterococcal BSI (no. of BSI 
per 10,000 patient-days)
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may explain these variations. Despite local differences, 
an overall trend towards a predominance of E. faecium in 
enterococcal BSI (primarily driven by the increase of VRE 
BSI) was evident, which is in contrast to an earlier study 
from 2012 indicating E. faecalis as causative pathogen in 
60–95% of enterococcal BSI in German or European hospi-
tals [19–21]. Beside analysing data from tertiary care hospi-
tals, the overall increase of E. faecium may also be driven by 
the rapid expansion of two VRE STs, i.e., ST80 and ST117, 

first detected in Germany in 2015 [17]. The expansion espe-
cially of sequence type ST117 may also be associated with 
the predominance of the vanB gene, which was detected in 
about 77% of all VRE isolates in our analysis. The resulting 
susceptibility rate of > 72% renders teicoplanin a potentially 
valid treatment option of VRE BSI in Germany, although 
the most widely used agents in a recent study at tertiary care 
centres were daptomycin and linezolid (of which resistance 
rates remained unchanged at ~ 3% in the current study) [22]. 

Fig. 3   Overall and local trends 
of VRE BSI based on pooled 
proportional analyses; statistical 
significance calculated with 
linear regression (p ≤ 0.05 [*], 
p ≤ 0.01 [**]). A Annual trends 
for bloodstream infections due 
to E. faecium, E. faecalis and 
VRE. B Local annual trends for 
bloodstream infections due to 
VRE per study centre
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However, conclusions based on these data may be limited 
due to incomplete teicoplanin susceptibility data (87% of 
VRE isolates) and molecular analysis of vanA and vanB only 
in a subset of isolates.

Strengths of the current study include the prospective 
study design, the stratification by department and the high 
number of cases, which allows to highlight distinct epide-
miological aspects of enterococcal BSI in diverse centres/
regions and in ICU und non-ICU settings over the study 
period. The multicentre analysis over several years also 
allows for differentiation between general trends and centre 
effects, thereby minimizing the influence of local outbreaks. 
Due to the lack of data, our study provides no information on 
clinical outcomes of the observed enterococcal BSI, repre-
senting a limitation in assessing the overall burden. Further 
limitations are incomplete data for the years 2016 and 2020 
which may lead to uncertainties of measurements in these 
years. In addition, our analysis focuses on tertiary care hos-
pitals, which may overestimate the ratio of E. faecium and 

VRE BSI compared to hospitals of primary or secondary 
care levels and limits generalizability of our data.

The increasing incidence of VRE BSI and the associated 
burden of disease is contrasted by a scarcity in well-designed 
clinical studies on optimized management of enterococcal 
and VRE BSI. Recent analyses indicate treatment success 
rates of VRE BSI varying between 50 and 80% and mortality 
rates of 20 to 30%. Furthermore, the risk of death is con-
sidered ~ 2.7 fold higher in patients with VRE-bacteraemia 
compared to VSE-bacteraemia [22–26]. The high rates of 
hospital-acquired infections and allocation of E. faecium 
and VRE BSI to distinct clinical disciplines underline the 
impact of comorbidities and interventional procedures on 
the occurrence of these invasive infections. Besides further 
clinical studies to evaluate optimized therapeutic approaches 
and management bundles to improve clinical outcomes of 
VRE BSI, an intensified effort on prevention of invasive 
VRE infections also has to be addressed in clinical practice. 
Valuable tools for prevention might be expansion of hygiene 
measures in patients undergoing complex procedures to min-
imize potential portals of entry but also reducing unneces-
sary antibiotic prescriptions by establishing or expanding 
local antimicrobial stewardship programs.

Conclusion

These findings are noteworthy and shed light on a difficult-
to-treat infection and challenging task in the years to come. 
While resistance rates of MRSA or multidrug-resistant 
Enterobacterales seem to decline or remain stable, entero-
coccal BSI and particularly VRE BSI are on the rise. VRE-
BSI were predominantly acquired in hospital, particularly in 
departments of internal medicine or on ICUs, pointing to an 
important role of prior antibiotic exposure and invasive pro-
cedures as risk factors. Due to limited treatment options and 
high mortality rates of VRE BSI, the increasing incidence of 
VRE BSI is of major concern and necessitates further efforts 

Table 2   Susceptibility of E. faecium, E. faecalis and VRE blood-
stream infection isolates

No. of isolates tested

Agent E. faecalis E. faecium VRE

All clinical isolates 1230 1845 570
Ampicillin testing 1189 1811 566
S/I 1181 (99.3%) 106 (5.9%) 2 (0.4%)
R 8 (0.7%) 1705 (94.1%) 564 (99.6%)
Vancomycin testing 1193 1800 570
S 1190 (99.7%) 1233 (68.5%) 0 (0%)
R 3 (0.3%) 567 (31.5%) 570 (100.0%)
Teicoplanin testing 959 1563 498
S 958 (99.9%) 1368 (87.5%) 307 (61.4%)
R 1 (0.1%) 195 (12.5%) 191 (38.4%)
Linezolid testing 1187 1803 566
S 1177 (99.2%) 1765 (97.9%) 548 (96.8%)
R 10 (0.8%) 38 (2.1%) 18 (3.2%)

Table 3   Molecular detection 
of vanA and vanB and 
susceptibility patterns of 363 
VRE isolates

Agent All VRE isolates vanA vanB vanA/B

No. of isolates 363 81 (22.3%) 280 (77.1%) 2 (0.6%)
Teicoplanin susceptibility (no. 

of isolates tested)
302 78 222 2

S 220 (72.8%) 2 (2.6%) 218 (98.2%) 0
R 82 (27.2%) 76 (97.4%) 4 (1.8%) 2 (100%)
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in clinical studies and measures for prevention of invasive 
VRE infections.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s15010-​024-​02249-2.

Acknowledgements  All members of the DZIF R-Net study group: L. 
A. Peña Diaz, G. Pilarski, N. Thoma, G. Peyerl-Hoffmann, H. Gölz, 
I. Joost, P. Mathé, M. Gillis, M. Vehreschild, J. Wille, B. Steffens, Y. 
Blum, M. Kleipass, D. Lenke, S. Herold, J. Schmiedel, A. Lengler, M. 
Buhl, F. Hölzl, A. Dinkelacker

L. A. Peña Diaz, G. Pilarski, N. Thoma, G. Peyerl-Hoffmann, H. 
Gölz, I. Joost, P. Mathé, M. Gillis, M. Vehreschild, J. Wille, B. Steffens, 
Y. Blum, M. Kleipass, D. Lenke, S. Herold, J. Schmiedel, A. Lengler, 
M. Buhl, F. Hölzl, A. Dinkelacker

Author contributions  SR, WVK and ET designed the study. WVK, 
HS, EK, JR, ET, PGH and SP established the R-Net study. DT, GH, 
KX, BPG, CC, AM, AMR, JT, CI, MF, JF, MB, NK, KS and SE led 
data acquisition at various study sites. DH, SG and SVW performed 
data analysis. DH and SR led the writing of the manuscript. All authors 
revised the manuscript for important intellectual content.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. This work was supported by the German Centre for Infection 
Research (DZIF).

Data availability  No datasets were generated or analysed during the 
current study.

Declarations 

Conflict of interest  The authors declare no conflict of interest.

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.	 Arias CA, Murray BE. The rise of the enterococcus: beyond van-
comycin resistance. Nat Rev Microbiol. 2012;10:266–78.

	 2.	 Ikuta KS, Swetschinski LR, Aguilar GR, Sharara F, Mestrovic 
T, Gray AP, et al. Global mortality associated with 33 bacterial 
pathogens in 2019: a systematic analysis for the Global Burden 
of Disease Study 2019. Lancet. 2022;400:2221–48.

	 3.	 Murray CJL, Ikuta KS, Sharara F, Swetschinski L, Robles Aguilar 
G, Gray A, et al. Global burden of bacterial antimicrobial resist-
ance in 2019: a systematic analysis. Lancet. 2022;399:629–55.

	 4.	 Gastmeier P, Schröder C, Behnke M, Meyer E, Geffers C. Dra-
matic increase in vancomycin-resistant enterococci in Germany. 
J Antimicrob Chemother. 2014;69:1660–4.

	 5.	 Rödenbeck M, Ayobami O, Eckmanns T, Pletz MW, Bleidorn J, 
Markwart R. Clinical epidemiology and case fatality due to anti-
microbial resistance in Germany: a systematic review and meta-
analysis, 1 January 2010 to 31 December 2021. Eurosurveillance. 
2023;28:2200672.

	 6.	 Remschmidt C, Schröder C, Behnke M, Gastmeier P, Geffers C, 
Kramer TS. Continuous increase of vancomycin resistance in 
enterococci causing nosocomial infections in Germany—10 years 
of surveillance. Antimicrob Resist Infect Control. 2018;7:54.

	 7.	 Fischer M, Bender J, Kriebel N, Weber R, Wolfarth E, Maechler F, 
et al. Eigenschaften, häufigkeit und verbreitung von vancomycin-
resistenten enterokokken in deutschland—update. Epidemiol Bull. 
2023;28:3–17.

	 8.	 Beganovic M, Luther MK, Rice LB, Arias CA, Rybak MJ, 
LaPlante KL. A review of combination antimicrobial therapy 
for enterococcus Faecalis bloodstream infections and infec-
tive endocarditis. Clin Infect Dis Off Publ Infect Dis Soc Am. 
2018;67:303–9.

	 9.	 Contreras GA, Munita JM, Simar S, Luterbach C, Dinh AQ, 
Rydell K, et al. Contemporary clinical and molecular epidemiol-
ogy of vancomycin-resistant enterococcal bacteremia: a prospec-
tive multicenter cohort study (VENOUS I). Open Forum Infect 
Dis. 2021. https://​doi.​org/​10.​1093/​ofid/​ofab6​16

	10.	 Brinkwirth S, Ayobami O, Eckmanns T, Markwart R. Hospital-
acquired infections caused by enterococci: a systematic review 
and meta-analysis, WHO European Region, 1 January 2010 to 
4 February 2020. Euro Surveill Bull Eur Sur Mal Transm Eur 
Commun Dis Bull. 2021. https://​doi.​org/​10.​2807/​1560-​7917.​ES.​
2021.​26.​45.​20016​28.

	11.	 Ubeda C, Taur Y, Jenq RR, Equinda MJ, Son T, Samstein M, 
et al. Vancomycin-resistant Enterococcus domination of intestinal 
microbiota is enabled by antibiotic treatment in mice and precedes 
bloodstream invasion in humans. J Clin Invest. 2010;120:4332–41.

	12.	 European Centre for Disease Prevention and Control. European 
centre for disease prevention and control. Antimicrobial resistance 
in the EU/EEA (EARS-Net)–annual epidemiological report 2020. 
Stockholm: ECDC; 2022.

	13.	 Ramsey AM, Zilberberg MD. Secular trends of hospitaliza-
tion with vancomycin-resistant enterococcus infection in the 
United States, 2000–2006. Infect Control Hosp Epidemiol. 
2009;30:184–6.

	14.	 Donskey CJ, Chowdhry TK, Hecker MT, Hoyen CK, Hanrahan 
JA, Hujer AM, et al. Effect of antibiotic therapy on the density 
of vancomycin-resistant enterococci in the stool of colonized 
patients. N Engl J Med. 2000;343:1925–32.

	15.	 Rohde AM, Walker S, Behnke M, Eisenbeis S, Falgenhauer L, 
Falgenhauer JC, et al. Vancomycin-resistant Enterococcus fae-
cium: admission prevalence, sequence types and risk factors–a 
cross-sectional study in seven German university hospitals from 
2014 to 2018. Clin Microbiol Infect. 2023;29:515–22.

	16.	 Xanthopoulou K, Peter S, Tobys D, Behnke M, Dinkelacker AG, 
Eisenbeis S, et al. Vancomycin-resistant Enterococcus faecium 
colonizing patients on hospital admission in Germany: preva-
lence and molecular epidemiology. J Antimicrob Chemother. 
2020;75:2743–51.

	17.	 Liese J, Schüle L, Oberhettinger P, Tschörner L, Nguyen T, Dörfel 
D, et al. Expansion of vancomycin-resistant Enterococcus faecium 
in an academic tertiary hospital in southwest Germany: a large-
scale whole-genome-based outbreak investigation. Antimicrob 
Agents Chemother. 2019;63:e01978-e2018.

	18.	 Cimen C, Berends MS, Bathoorn E, Lokate M, Voss A, Friedrich 
AW, et al. Vancomycin-resistant enterococci (VRE) in hospital 
settings across European borders: a scoping review comparing 

https://doi.org/10.1007/s15010-024-02249-2
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/ofid/ofab616
https://doi.org/10.2807/1560-7917.ES.2021.26.45.2001628
https://doi.org/10.2807/1560-7917.ES.2021.26.45.2001628


	 D. Hornuss et al.

Authors and Affiliations

Daniel Hornuss1,2 · Siri Göpel2,3 · Sarah V. Walker2,4,5 · David Tobys2,4 · Georg Häcker6 · Harald Seifert2,4,7 · 
Paul G. Higgins2,4 · Kyriaki Xanthopoulou2,4 · Beryl Primrose Gladstone2,3 · Chiara Cattaneo1,2,8 · 
Alexander Mischnik2,9 · Anna M. Rohde10,2 · Can Imirzalioglu11,2 · Janina Trauth12,2 · Moritz Fritzenwanker11,2 · 
Jane Falgenhauer11,2 · Petra Gastmeier10,2 · Michael Behnke10,2 · Evelyn Kramme2,9 · Nadja Käding2,9 · Jan Rupp2,9 · 
Silke Peter13,2 · Kristina Schmauder13,2 · Simone Eisenbeis2,3 · Winfried V. Kern1 · Evelina Tacconelli14,2,3 · 
Siegbert Rieg1,2 · DZIF R.-N. E. T. Study Group

 *	 Daniel Hornuss 
	 daniel.hornuss@uniklinik-freiburg.de

	 Evelina Tacconelli 
	 evelina.tacconelli@univr.it

	 Siegbert Rieg 
	 siegbert.rieg@uniklinik-freiburg.de

1	 Division of Infectious Diseases, Department of Medicine 
II, Faculty of Medicine, Medical Center – University 
of Freiburg, University of Freiburg, 79106 Freiburg, 
Germany

2	 DZIF German Centre for Infection Research, Brunswick, 
Germany

3	 Division of Infectious Diseases, Department of Internal 
Medicine I, University Hospital Tübingen, Tübingen, 
Germany

4	 Institute for Medical Microbiology, Immunology 
and Hygiene, Faculty of Medicine and University Hospital 
Cologne, University of Cologne, Cologne, Germany

5	 Institute Für Clinical Microbiology and Hospital Hygiene, 
RKH Regionale Kliniken Holding Und Services GmbH, 
Ludwigsburg, Germany

6	 Institute for Medical Microbiology and Hygiene, University 
Medical Centre Freiburg, Freiburg, Germany

7	 Institute of Translational Research, CECAD Cluster 
of Excellence, University of Cologne, Cologne, Germany

8	 Department of Neonatology and Pediatric Intensive Care 
Medicine, University Medical Center Hamburg-Eppendorf, 
University Children’s Hospital, Hamburg, Germany

9	 Department of Infectious Diseases and Microbiology, 
University of Lübeck and University Hospital 
Schleswig-Holstein, Campus Lübeck, 23538 Lübeck, 
Germany

10	 Institute for Hygiene and Environmental Medicine, National 
Reference Centre for the Surveillance of Nosocomial 
Infections, Charité-University Hospital, Berlin, Germany

11	 Institute of Medical Microbiology, Justus Liebig University 
Giessen, Giessen, Germany

12	 Department of Internal Medicine (Infectious Diseases), 
Uniklinikum Giessen, Justus Liebig University Giessen, 
Giessen, Germany

13	 Institute of Medical Microbiology and Hygiene, University 
of Tübingen, Tübingen, Germany

14	 Division of Infectious Diseases, Department of Diagnostic 
and Public Health, University of Verona, Policlinico GB 
Rossi, Verona, Italy

the epidemiology in the Netherlands and Germany. Antimicrob 
Resist Infect Control. 2023;12:78.

	19.	 Klare I, Witte W, Wendt C, Werner G. Vancomycin-resistente 
Enterokokken (VRE): Aktuelle Daten und trends zur Resisten-
zentwicklung. Bundesgesundheitsblatt Gesundheitsforschung 
Gesundheitsschutz. 2012;55:1387–400.

	20.	 Diekema DJ, Hsueh PR, Mendes RE, Pfaller MA, Rolston KV, 
Sader HS, et al. The microbiology of bloodstream infection: 
20-year trends from the SENTRY antimicrobial surveillance pro-
gram. Antimicrob Agents Chemother. 2019. https://​doi.​org/​10.​
1128/​aac.​00355-​19.

	21.	 Ayobami O, Willrich N, Reuss A, Eckmanns T, Markwart R. 
The ongoing challenge of vancomycin-resistant Enterococcus 
faecium and Enterococcus faecalis in Europe: an epidemiologi-
cal analysis of bloodstream infections. Emerg Microbes Infect. 
2020;9:1180–93.

	22.	 Bahrs C, Rieg S, Hennigs A, Hitzenbichler F, Brehm TT, Rose 
N, et al. Short-course versus long-course antibiotic treatment for 
uncomplicated vancomycin-resistant enterococcal bacteraemia: 
a retrospective multicentre cohort study. Clin Microbiol Infect. 
2022;S1198743X22004608.

	23.	 Sparo M, Delpech G, García Allende N. Impact on public health 
of the spread of high-level resistance to gentamicin and vanco-
mycin in enterococci. Front Microbiol. 2018. https://​doi.​org/​10.​
3389/​fmicb.​2018.​03073.

	24.	 Patel K, Kabir R, Ahmad S, Allen SL. Assessing outcomes of 
adult oncology patients treated with linezolid versus daptomycin 
for bacteremia due to vancomycin-resistant Enterococcus. J Oncol 
Pharm Pract. 2016;22:212–8.

	25.	 da Silva NS, Muniz VD, Estofolete CF, Furtado GHC, Rubio FG. 
Identification of temporal clusters and risk factors of bacteremia 
by nosocomial vancomycin-resistant enterococci. Am J Infect 
Control. 2014;42:389–92.

	26.	 Xie O, Slavin MA, Teh BW, Bajel A, Douglas AP, Worth LJ. 
Epidemiology, treatment and outcomes of bloodstream infection 
due to vancomycin-resistant enterococci in cancer patients in a 
vanB endemic setting. BMC Infect Dis. 2020;20:228.

https://doi.org/10.1128/aac.00355-19
https://doi.org/10.1128/aac.00355-19
https://doi.org/10.3389/fmicb.2018.03073
https://doi.org/10.3389/fmicb.2018.03073

	Epidemiological trends and susceptibility patterns of bloodstream infections caused by Enterococcus spp. in six German university hospitals: a prospectively evaluated multicentre cohort study from 2016 to 2020 of the R-Net study group
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study participants, settings, and definitions
	Bacterial isolate collection and antimicrobial susceptibility testing
	Statistical methods
	Ethics

	Results
	Temporal trends in distribution of Enterococcus spp. BSI isolates
	In vitro antibiotic susceptibility and molecular resistance

	Discussion
	Conclusion
	Acknowledgements 
	References


