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Summary

Introduction: Enterococcus species is one of the major pathogens causing various infections, 

especially in immunocompromised patients. Of these, clinical characteristics and treatment 

outcomes of Enterococcus faecalis and E. faecium bacteremia are well known. However, 

those of E. durans bacteremia are still uncertain.

Methods: I performed this case-control study through retrospective review of medical 

records at the Asan Medical Center, a 2,700-bed tertiary-care teaching hospital, Seoul, Korea, 

from December 1997 to October 2016. I analyzed the clinical characteristics and treatment 

outcomes of a case group: patients with E. durans bacteremia. These results were compared 

with those of two randomly selected control groups of patients with E. faecalis and E. 

faecium bacteremia. The case and two control groups were 1:1:1 matched for sex, similar age, 

and similar date of onset of bacteremia. Risk factors for mortality of E. durans bacteremia 

were also analyzed.

Results: E. durans caused 1.2% of total enterococcal bacteremia. A total of 80 patients with 

E. durans bacteremia were identified. Of these patients, 39 (48.8%) had biliary tract

infection, 18 (22.5%) had urinary tract infection. Six patients (7.5%) had infective 

endocarditis. Twenty-four cases (30.0%) were associated with polymicrobial bacteremia. 

Community-onset bacteremia was more frequent in E. durans bacteremia than control 

groups (56.2% vs. 35.0% vs. 21.2%, p <0.01; versus E. faecalis and E. faecium, respectively). 

The majority of E. durans isolates were susceptible to penicillin (66/76, 86.8%), ampicillin 

(67/76, 88.2%), and vancomycin (75/76, 98.7%). E. durans bacteremia group had

significantly lower all-cause mortality (20.0% vs. 31.2% vs. 42.5%, p <0.01) and 

bacteremia-related mortality (2.5% vs. 16.2% vs. 18.8%, p <0.01) than control groups. In the 
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multivariate analysis, independent risk factors for mortality of patients with E. durans

bacteremia were ultimately or rapidly fatal underlying disease (adjusted OR, 5.30; 95% CI, 

1.29-21.72; p =0.02) and a Pitt bacteremia score≥4 (adjusted OR, 13.52; 95% CI, 1.05-

174.26; p =0.046).

Conclusion: E. durans bacteremia mainly originated from the biliary tract or urinary tract 

disease and associated with lower risk of mortality.

Keywords: Enterococcus durans, bacteremia, mortality, antibiotic susceptibility
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INTRODUCTION

Enterococcus species are normal flora in the gastrointestinal tracts of humans and animals. 

Although low virulence of enterococci has a minor impact on an immunocompetent person, 

high viability in the nosocomial environment and well characterized colonization onto 

surrounding medical devices made these bacteria one of the important nosocomial pathogen

in immunocompromised patients.1,2) Moreover, due to rapid emergence and potential for 

transmission of acquired resistance to newer classes of antibiotics, enterococci have become 

an important issue for infection control in healthcare facilities.3)

Of more than 30 known Enterococcus species, E. faecalis and E. faecium are the most 

frequently isolated species in clinical specimens, and numerous studies on these bacteria 

have been published. In previous studies which included patients with E. faecalis and E. 

faecium bacteremia mainly, those with the severe underlying disease were found to have a 

high mortality rate.4-6)

E. durans, formerly known as Streptococcus durans, was first described in the literature 

published in 1930’s.7) Since then, it has been reported encephalomalacia and diarrhea in 

livestock caused by E. durans found in the intestinal tract and dairy products of domestic 

animals.8-10) Unlike E. faecalis or E. faecium, E. durans is not a common pathogen in 

human.11) According to a study conducted in Taiwan, only 2 cases of E. durans bacteremia 

were found among 1,887 cases of enterococcal bacteremia over 9 years.12) This may be due 

to the low carriage rate of E. durans among the microflora in human intestine (2.5-6.7%)13,14)

and low virulence of this bacteria.15) In this context, there are only a few case reports on E. 

durans bacteremia mainly associated with endovascular infection until the present,16-20) and 

no studies on clinical characteristics and treatment outcomes of E. durans bacteremia series 

have been published. Therefore, I performed this study reviewing experiences with 80 

consecutive episodes of E. durans bacteremia. 
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METHODS

Patient selection and data collection

This retrospective case-control study was performed at the Asan Medical Center (Seoul, 

Republic of Korea), a 2,700-bed tertiary-care teaching hospital with 170 beds of intensive 

care unit. From December 1997 to October 2016, all adult patients (≥16 years) with blood 

cultures positive for E. durans who were identified by reviewing computerized database of

clinical microbiology units were categorized as a case group. Infectious disease specialists 

reviewed the electronic medical record of each patient and collected data regarding patient 

demographic characteristics, underlying disease or condition, the severity of illness at the 

time of bacteremia, portal of entry, co-infecting microorganism, antibiogram findings, prior 

antibiotic use, prescribed antibiotics, and clinical outcome. These results were compared 

with those of randomly selected two control groups of patients with E. faecalis and E. 

faecium bacteremia. The case and two control groups were 1:1:1 matched on the basis of the 

3 following criteria: patients with the same sex, similar age (age difference not exceeding ±5 

years) and similar date of onset of bacteremia (time interval within a month-period).

Blood culture, species identification, and susceptibility testing

All blood cultures were processed by the hospital microbiology laboratory using a standard 

blood culture system (BACTEC 730 or BACTEC 9240; Becton Dickinson). Enterococcus

species were identified based on tolerance to 6.5% NaCl, bile-esculin hydrolysis, and growth 

rate at 45°C. E. durans was identified based on the positivity for arginine dihydrolase test, 

and failure of fermentation tests for arabinose, mannitol, sucrose, methyl-α-D-

glucopyranoside, sorbitol, and raffinose.21,22) The species of organism and the susceptibility 

to antimicrobial agents were determined using the Vitek (bioMérieux-Vitek) or MicroScan 

(Dade Behring, Deerfield, IL) system, based on standard criteria of the Clinical and 
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Laboratory Standards Institute (CLSI).23) Intermediate susceptibility to an antimicrobial 

agent was considered to indicate resistance.

Definitions

Clinically significant bacteremia was defined as ≥2 blood cultures yielding E. durans, E. 

faecalis or faecium, or a single blood culture yielding these bacteria together with a clinically 

apparent culture-positive source of infection. Date of onset of bacteremia was defined as the 

date on which the blood sample was obtained for the first positive culture result. Place of 

bacteremia acquisition was categorized as following two groups; community-onset group or 

hospital-acquired group, as previously described.24) Bacteremia was considered to be 

community-onset if the first sample of positive blood culture was obtained within the 48 

hours from hospital admission. It was re-assorted into community-acquired or healthcare-

associated bacteremia. Otherwise, bacteremia was considered to hospital-acquired.

Polymicrobial bacteremia was defined as isolation of >1 organism from the same blood 

culture specimen. Patients’ underlying comorbidities were classified as “rapidly fatal,” 

“ultimately fatal,” or “nonfatal,” by the McCabe and Jackson criteria.25) Bacteremia without

sepsis, sepsis, and septic shock were defined as described in the most recent international 

consensus (Sepsis-3).26) A localized infection was regarded as the portal of entry if it was 

microbiologically and clinically documented. Recurrent bacteremia was defined as the 

isolation of the same organism from the blood 5 days after initial bacteremia. In cases of 

recurrent bacteremia, only the first episode of bacteremia was included in the analysis. Prior 

antibiotic use was defined as receipt of antibiotics for more than 24 hours during the 

previous month. Appropriate therapy was defined as the use of antibiotics susceptible in vitro 

more than 24 hours, within 5 days after the positive blood culture was obtained (index 

day).27) Outcomes were evaluated at the time of discharge from the hospital. Death was 

considered to have been related with bacteremia if the patient without other identified cause 
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of death died within 14 days from the onset of bacteremia. 

Statistical analysis

Statistical analysis was performed using the χ2 test or 2-tailed Fisher’s exact test for binary 

variables. For continuously scaled variables, a one-way analysis of variance or Kruskal-

Wallis test were used. When the statistical analysis result was significant (p-value of <0.05), 

a post hoc analysis with the Bonferroni correction for multiple comparisons was performed, 

and p-value of <0.025 was considered to indicate statistical significance. Continuous data 

were expressed as the mean ± standard deviation (SD) or as the median and interquartile 

range (IQR). The time-to-mortality analyses were performed using Kaplan-Meier estimates 

and the log-rank test. Multivariate analyses to determine independent risk factors for 

mortality were performed using the logistic regression models with statistically significant 

factors (p-value of <0.1) in univariate analysis. A 2-tailed p-value of <0.05 I considered to 

statistically significant. All tests were performed using IBM SPSS Statistics for Windows, 

version 24.0 (IBM Corp., Armonk, N.Y., USA).
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RESULTS

Study Population 

From December 1997 to October 2016 at the Asan Medical Center, 82,158 blood cultures 

were positive for bacteria. Enterococcus species, including in combination with other 

organisms, were present in 7,438 (9.1%) of these cultures and the incidence of Enterococcus

bacteremia was 3.9 cases per 1,000 admissions. Of 7,438 Enterococcus-positive cultures, 

4,598 (61.8%) were identified as E. faecium and 1,981 (26.6%) as E. faecalis. Of the 

remaining 859 (11.5%) non-faecium and non-faecalis isolates, 332 (4.5%) were identified as 

E. casseliflavus, 263 (3.6%) as E. gallinarum, 119 (1.6%) as E. avium, 91 (1.2%) as E. 

durans, 44 (0.6%) as E. raffinosus, 4 (0.1%) as E. hirae, and 6 (0.1%) was undetermined 

Enterococcus species. The incidence of bacteremia due to E. durans was 0.05 cases per 

1,000 admissions. Among 91 cultures of E. durans bacteremia from 83 patients, 8 cultures 

collected from same patients were excluded. In addition, 3 patients under the age of 16 were 

also excluded. Therefore, a total of 80 cultures of E. durans from 80 adult patients were

included in a case group. As control groups, 80 cultures were selected from 1,981 cultures of 

E. faecalis, as well as from 4,598 cultures of E. faecium. The incidence of E. durans

bacteremia was not significantly different by year (Figure 1).
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Figure 1. The incidence of E. durans bacteremia by year.
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Demographic data and underlying disease/condition

The demographic characteristics and underlying disease/conditions of 80 patients with E. 

durans bacteremia are provided in Table 1. Forty-one patients (51.2%) were men, and the 

mean age was 64.3 years (standard deviation, 12.1 years). All patients had underlying 

illnesses; the most common underlying illness was solid cancer (48.8%), followed by biliary 

disease (46.2%), diabetes mellitus (28.7%), chronic kidney disease (17.5%), liver cirrhosis 

(12.5%), alcoholism (10.0%), congestive heart failure (7.5%), history of solid-organ 

transplantation (6.2%), neurologic disease (5.0%), hematologic malignancy (2.5%), chronic 

obstructive pulmonary disease (2.5%), and end-stage renal disease (1.2%). The overall 

distribution of underlying illnesses among three groups of bacteremia were not significantly 

different, except the significant difference in patients with hematologic malignancy between 

E. durans and E. faecium bacteremia (2.5% vs. 20.0%, p <0.01). Forty-seven patients 

(58.8%) were classified as having the nonfatal disease, 33 (41.2%) as ultimately fatal, and 

none as rapidly fatal. The nonfatal disease was significantly frequent in E. durans bacteremia 

than in other two groups of bacteremia (58.8% vs. 43.8% vs. 32.5%, p <0.01), with the 

significant difference between E. durans and E. faecium bacteremia (58.8% vs. 32.5%, p

<0.01) was noticed. Regarding factors that predisposed patients to E. durans bacteremia, 42 

patients (52.5%) had a history of prior hospital admission within 6 months, 27 (33.8%) had 

biliary drainage catheter in place, 10 (12.5%) had a history of cancer chemotherapy, 9 

(11.2%) had a history of recent surgery within a month, 8 (10.0%) had leukopenia at the time 

of bacteremia, 8 (10.0%) received immunosuppressive therapy within a month, 7 (8.8%) had 

a central venous catheter in place, 7 (8.8%) had an indwelling urinary catheter in place, 6 

(7.5%) had a history of bleeding within 2 weeks, 5 (6.2%) had prior ICU care within a month, 

and 2 (2.5%) received mechanical ventilation at the time of bacteremia. Significant 

differences in possession of following risk factors among three groups were as follows; prior 

hospital admission within 6 months (52.5% vs. 56.2% vs. 76.2%, p <0.01; versus E. faecalis
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and E. faecium, respectively), history of cancer chemotherapy (12.5% vs. 7.5% vs. 26.2%, p

<0.01), central venous catheter in place (8.8% vs. 31.2% vs. 50.0%, p <0.01), indwelling 

urinary catheter in place (8.8% vs. 22.5% vs. 40.0%, p <0.01), prior ICU care within a month 

(6.2% vs. 25.0% vs. 32.5%, p <0.01), and received mechanical ventilation at the time of 

bacteremia (2.5% vs. 10.0% vs. 22.5%, p< 0.01). E. durans bacteremia was associated with 

community-onset bacteremia more frequently than E. faecalis or E. faecium bacteremia 

(56.2% vs. 35.0% vs. 21.2%, p <0.01), while hospital-acquired bacteremia was less frequent 

in E. durans bacteremia than other groups of bacteremia (43.8% vs. 65.0% vs. 78.8%, p

<0.01). E. durans bacteremia showed a lower frequency of prior antibiotic use within one 

month than E. faecalis or E. faecium bacteremia (32.5% vs. 65.0% vs. 88.8%, p <0.01).
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Table 1. Demographic and clinical characteristics of study patients with enterococcal bacteremia

Group 1 Group 2 Group 3

Group 

1 vs 2

p-value

Group 

1 vs 3

p-value

Overall 

p-value*Characteristic

E. durans

bacteremia

(n = 80)

E. faecalis

bacteremia

(n = 80)

E. faecium

bacteremia

(n = 80)

Male sex 41 (51.2) 41 (51.2) 41 (51.2) 1.00 1.00 1.00

Age (mean years ± SD) 64.3 ± 12.1 64.5 ± 

11.2

64.0 ± 

11.4

1.00 1.00 0.96

Underlying disease or condition‡

Solid cancer 39 (48.8) 39 (48.8) 36 (45.0) 1.00 0.64 0.86

Hepatobiliary & pancreas 26 (32.5) 25 (31.3) 26 (32.5) 0.87 1.00 0.98

Gastrointestinal 8 (10.0) 5 (6.3) 2 (2.5) 0.39 0.05 0.15

Others 7 (8.8) 9 (11.3) 8 (10.0) 0.60 0.79 0.87

Biliary disease† 37 (46.2) 35 (43.8) 41 (51.2) 0.75 0.53 0.63

Diabetes mellitus 23 (28.7) 20 (25.0) 15 (18.8) 0.59 0.14 0.33

Chronic kidney disease 14 (17.5) 7 (8.8) 13 (16.2) 0.10 0.83 0.23

Liver cirrhosis 10 (12.5) 5 (6.2) 6 (7.5) 0.18 0.29 0.33

Alcoholism 8 (10.0) 6 (7.5) 6 (7.5) 0.58 0.58 0.80

Congestive heart failure 6 (7.5) 3 (3.8) 5 (6.2) 0.50 0.76 0.70

Solid-organ transplantation 5 (6.2) 3 (3.8) 6 (7.5) 0.72 0.76 0.70

Neurologic disease 4 (5.0) 5 (6.2) 4 (5.0) 1.00 1.00 1.00

Hematologic malignancy 2 (2.5) 4 (5.0) 16 (20.0) 0.68 <0.01** <0.01

Chronic obstructive pulmonary 

disease

2 (2.5) 2 (2.5) 3 (3.8) 1.00 1.00 1.00

End-stage renal disease on

dialysis

1 (1.2) 6 (7.5) 5 (6.2) 0.12 0.21 0.16

Multiple trauma 0 2 (2.5) 1 (1.2) 0.50 1.00 0.78

McCabe and Jackson criteria

Nonfatal disease 47 (58.8) 35 (43.8) 26 (32.5) 0.06 <0.01 <0.01

Ultimately or rapidly fatal disease 33 (41.2) 45 (56.2) 54 (67.5) 0.06 <0.01 <0.01

Underlying risk factor‡

Prior hospital admission within 

6 months

42 (52.5) 45 (56.2) 61 (76.2) 0.63 <0.01 <0.01

Biliary drainage catheter 27 (33.8) 25 (31.2) 26 (32.5) 0.74 0.87 0.95

Cancer chemotherapy§ 10 (12.5) 6 (7.5) 21 (26.2) 0.29 0.03 0.003

Recent surgery§ 9 (11.2) 16 (20.0) 16 (20.0) 0.13 0.13 0.24

Leukopenia‖ 8 (10.0) 8 (10.0) 17 (21.2) 1.00 0.05 0.06

Immunosuppressive therapy¶ 8 (10.0) 9 (11.2) 14 (17.5) 0.80 0.17 0.32

Central venous catheter 7 (8.8) 25 (31.2) 40 (50.0) <0.01 <0.01 <0.01

Indwelling urinary catheter 7 (8.8) 18 (22.5) 32 (40.0) 0.017 <0.01 <0.01

Bleeding in prior 2 weeks 6 (7.5) 4 (5.0) 11 (13.8) 0.51 0.20 0.13

Prior ICU care§ 5 (6.2) 20 (25.0) 26 (32.5) <0.01 <0.01 <0.01

Mechanical ventilation 2 (2.5) 8 (10.0) 18 (22.5) 0.05 <0.01 <0.01

Place of bacteremia acquisition

Hospital-acquired 35 (43.8) 52 (65.0) 63 (78.8) <0.01 <0.01 <0.01

Community-onset 45 (56.2) 28 (35.0) 17 (21.2) <0.01 <0.01 <0.01

Community-acquired 18 (22.5) 8 (10.0) 5 (6.2) 0.03 <0.01 <0.01

Healthcare-associated 27 (33.8) 20 (25.0) 12 (15.0) 0.22 <0.01 0.02

Prior antibiotic use within 1 month 26 (32.5) 52 (65.0) 71 (88.8) <0.01 <0.01 <0.01

Note. Data are no. (%) of patients, unless otherwise indicated. ICU, intensive care unit.
* Overall p-values are for the overall comparison among the three groups.
† Biliary disease was considered to include hepatobiliary or pancreatic cancer. 
‡ Some patients had >1 underlying disease or risk factor. 
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§ Within the past month. 
‖ Leukocyte count, <4000 leukocytes/mm3.
¶ Receipt of steroid therapy for >10 days or use of other immunosuppressant (tacrolimus, mycophenolate mofetil, 

azathioprine, cyclosporin A, anti-CD3 monoclonal antibody [OKT-3], or anti-TNF-α inhibitor) for >1 week 

within the previous 1 month. 
** Statistically significant p-values are presented in boldface.
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Clinical and laboratory manifestations

Clinical and laboratory manifestations of patients are shown in Table 2. In E. durans

bacteremia, clinical sepsis at the time of bacteremia was not evident in 59 (73.8%) of the 

patients, 14 (17.5%) had cases that met the criteria for sepsis, and 7 (8.8%) presented with 

septic shock. Fewer patients with E. durans bacteremia were manifested as a septic shock 

than those with E. faecalis or E. faecium bacteremia, but it was not statistically significant 

(8.8% vs. 13.8% vs. 17.5%, p =0.26). Four (5.0%) of E. durans bacteremia had a Pitt 

bacteremia score≥4 points. The proportion of patients with Pitt bacteremia score≥4 points 

was significantly lower in E. durans bacteremia than other two groups (5.0% vs. 8.8% vs. 

20.0%, p <0.01), especially than E. faecium bacteremia (5.0% vs. 20.0%, p <0.01). The 

biliary tract was the most common portal of entry (39/80, 48.8%) of E. durans bacteremia, 

followed by urinary tract (18/80, 22.5%), unknown focus (10/80, 12.5%), abdomen (7/80, 

8.8%). Urinary tract infection was significantly associated with E. durans bacteremia 

compared with E. faecalis or E. faecium bacteremia (22.5% vs. 10.0% vs. 2.5%, p <0.01). 

There was no catheter-related infection or soft tissue and skin infection in E. durans

bacteremia, catheter-related infection was more common in E. faecalis or E. faecium

bacteremia (0% vs. 16.2% vs. 12.5%, p <0.01). Table 3 describes information on the 

concomitantly identified microorganisms. Concomitant bacteremia due to another kind of 

microorganisms were 24 (30.0%), 28 (35.0%) and 17 (21.5%) cases for E. durans, E. 

faecalis, and E. faecium bacteremia, respectively. Of these, 7 (8.8%), 7 (8.8%), and 2 (2.5%) 

cases were associated with 2 or more other organisms, respectively. The most frequently 

observed organisms with study patients were gram-negative bacilli in all three groups of 

bacteremia, among which Escherichia coli was the most commonly identified. The 

organisms identified concomitantly with E. durans bacteremia are listed in decreasing order 

of frequency as follows; E. coli, Klebsiella pneumoniae, E. faecium (3 patients each), 

Enterobacter cloacae (2 patients), Pseudomonas aeruginosa, Citrobacter freundii, 
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Acinetobacter baumannii, Clostridium perfringenes, Staphylococcus warneri, and

Bacteroides caccae (1 patient each). The multiple organisms identified concomitantly with E. 

durans bacteremia are listed as described above; E. coli and K. pneumoniae, E. coli and E.

faecium (2 patients each), E. coli and P. aeruginosa, E. coli and K. oxytoca, P. aeruginosa

and C. perfringenes (1 patient each). The presence of concomitant bacteremia was not 

related with the initial manifestation of E. durans bacteremia (p >0.05; data not shown). Rate 

of recurrent bacteremia was not different among three groups (2.5% vs. 3.8% vs. 11.2%, p

=0.07). Infective endocarditis was diagnosed in six patients (6/80, 7.5%) with E. durans

bacteremia. The overall significant differences in the levels of white blood cell count and 

procalcitonin among three groups were detected, but there were no significant differences in 

the post hoc analysis between the three groups. 
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Table 2. Clinical and microbiological features of patients with enterococcal bacteremia

Group 1 Group 2 Group 3

Group 

1 vs 2

p-value

Group 

1 vs 3

p-value

Overall 

p-value*Characteristic

E. durans

bacteremia

(n = 80)

E. faecalis

bacteremia

(n = 80)

E. faecium

bacteremia

(n = 80)

Initial manifestation within 

24 hours

Bacteremia without sepsis 59 (73.8) 54 (67.5) 56 (70.0) 0.39 0.60 0.68

Sepsis 14 (17.5) 15 (18.8) 10 (12.5) 0.84 0.38 0.53

Septic shock 7 (8.8) 11 (13.8) 14 (17.5) 0.32 0.10 0.26

Pitt bacteremia score≥4 4 (5.0) 7 (8.8) 16 (20.0) 0.35 <0.01† <0.01

Portal of entry

Biliary tract infection 39 (48.8) 34 (42.5) 37 (46.2) 0.43 0.75 0.73

Urinary tract infection 18 (22.5) 8 (10.0) 2 (2.5) 0.03 <0.01 <0.01

Primary unknown 

infection

10 (12.5) 13 (16.2) 19 (23.8) 0.50 0.07 0.16

Gastrointestinal tract 

infection

7 (8.8) 10 (12.5) 9 (11.2) 0.44 0.60 0.74

Catheter related infection 0 13 (16.2) 10 (12.5) <0.01 <0.01 <0.01

Skin and soft tissue 

infection

0 1 (1.2) 2 (2.5) 1.00 0.50 0.78

Concomitant bacteremia 24 (30.0) 28 (35.0) 17 (21.5) 0.50 0.22 0.15

Recurrent bacteremia 2 (2.5) 3 (3.8) 9 (11.2) 1.00 0.03 0.07

Infective endocarditis 6 (7.5) 1 (1.2) 1 (1.2) 0.12 0.12 0.05

Laboratory findings, 

median (IQR)

WBC,ｘ103/mm3 11.25 

(6.78-15.50)

10.80 

(6.33-15.68)

9.10 

(4.40-12.80)

0.45 0.05 0.04

CRP, mg/dL 6.72

(3.92-12.56)

9.44 

(2.94-18.37)

7.40 

(3.91-13.95)

0.34 0.74 0.40

Procalcitonin, ng/mL 0.69 

(0.21-3.58)

3.75 

(0.57-23.80)

0.81 

(0.28-4.19)

0.22 0.81 0.04

Note. Data are no. (%) of patients, unless otherwise indicated.
* Overall p-values are for the overall comparison among the three groups.
† Statistically significant p-values are presented in boldface.



14

Table 3. Concomitantly identified microorganisms with each Enterococcus group

Group 1 Group 2 Group 3

Concomitant bacteremia

E. durans

bacteremia

(n = 80)

E. faecalis

bacteremia

(n = 80)

E. faecium

bacteremia

(n = 80)

Escherichia coli 3 (3.8) 6 (7.5) 3 (3.8)

Klebsiella pneumoniae 3 (3.8) 2 (2.5) 0

Enterococcus faecium 3 (3.8) 0 N/A

Enterobacter cloacae 2 (2.5) 2 (2.5) 1 (1.3)

Pseudomonas aeruginosa 1 (1.3) 1 (1.3) 2 (2.5)

Citrobacter freundii 1 (1.3) 0 0

Acinetobacter baumannii 1 (1.3) 2 (2.5) 1 (1.3)

Clostridium perfringenes 1 (1.3) 1 (1.3) 0

Staphylococcus warneri 1 (1.3) 0 0

Bacteroides caccae 1 (1.3) 0 0

S. aureus 0 4 (5.0) 1 (1.3)

K. oxytoca 0 1 (1.3) 1 (1.3)

S. epidermidis 0 1 (1.3) 1 (1.3)

Chryseobacterium meningosepticum 0 0 1 (1.3)

Bacillus species 0 0 1 (1.3)

Agrobactrium radiobacter 0 0 1 (1.3)

E. faecalis 0 N/A 1 (1.3)

Morganella morgannii 0 0 1 (1.3)

Candida tropicalis 0 1 (1.3) 0

E. coli + K. pneumoniae 2 (2.5) 1 (1.3) 0

E. coli + E. faecium 2 (2.5) 0 0

E. coli + P. aeruginosa 1 (1.3) 1 (1.3) 0

E. coli + K. oxytoca 1 (1.3) 0 0

P. aeruginosa + C. perfringenes 1 (1.3) 0 0

E. coli + Aeromonas hydrophila 0 1 (1.3) 1 (1.3)

E. aerogenes + M. morganii 0 1 (1.3) 0

A. baumannii + S. aureus 0 1 (1.3) 0

E. faecium + C. difficile 0 1 (1.3) 0

K. pneumoniae + C. freundii 0 0 1 (1.3)

E. coli + Proteus mirabilis + E. avium 0 1 (1.3) 0

N/A, not available.
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Antibiotic susceptibility

Antibiotic susceptibility data of Enterococcus species is presented in Table 4. Most E. durans

isolates were susceptible to penicillin (66/76, 86.8%), ampicillin (67/76, 88.2%), 

vancomycin (75/76, 98.7%), linezolid (62/62, 100%), gentamicin (66/73, 90.4%), and 

streptomycin (69/73, 94.5%). Susceptibility of E. durans isolates to other antibiotics were as 

follows; quinupristin-dalfopristin (42/61, 68.9%), tetracycline (56/76, 73.7%), erythromycin 

(61/76, 80.3%), ciprofloxacin (63/76, 82.9%), rifampin (65/76, 85.5%), imipenem (13/14, 

92.9%), respectively. E. durans isolates were less susceptible to ampicillin than E. faecalis

isolates (88.2% vs. 98.7%, p <0.01), however, susceptibility to following antibiotics were 

more common than E. faecalis isolates; quinupristin-dalfopristin (68.9% vs. 0%, p <0.01), 

tetracycline (73.7% vs. 34.2%, p <0.01), erythromycin (80.3% vs. 27.8%, p <0.01), 

ciprofloxacin (82.9% vs. 59.5%, p <0.01), rifampin (85.5% vs. 50.6%, p <0.01), gentamicin 

(90.4% vs. 48.7%, p <0.01), and streptomycin (94.5% vs. 76%, p <0.01), respectively. E. 

durans isolates showed higher rate of susceptibility to most antibiotics, such as penicillin

(86.6% vs. 21.1%, p <0.01), ampicillin (88.2% vs. 23.4%, p <0.01), vancomycin (98.7% vs. 

68.8%, p <0.01), erythromycin (80.3% vs. 11.7%, p <0.01), ciprofloxacin (82.9% vs. 16.9%, 

p <0.01), rifampin (85.5% vs. 37.7%, p <0.01), imipenem (92.9% vs. 68.8%, p <0.01), and

gentamicin (90.4% vs. 48.7%, p <0.01). The rate of quinupristin-dalfopristin (31.1% vs. 

19.7%, p =0.15), tetracycline (26.3% vs. 22.1%, p =0.54), and streptomycin (94.5% vs. 

84.4%, p =0.05) susceptibility of E. durans isolates were not significantly different from 

those of E. faecium isolates. Linezolid was susceptible to all enterococcal isolates of three 

groups underwent susceptibility test.
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Table 4. Antibiotic susceptibility of Enterococcus species isolated in study patients

Group 1 Group 2 Group 3

Group 

1 vs 2

p-value

Group 

1 vs 3

p-valueAntibiotic*

E. durans

(n = 80)

E. faecalis

(n = 80)

E. faecium

(n = 80)

Overall 

p-value†

Penicillin 66/76 (86.8) 71/79 (89.9) 16/76 (21.1) 0.56 <0.01‖ <0.01

Ampicillin 67/76 (88.2) 78/79 (98.7) 18/77 (23.4) <0.01 <0.01 <0.01

Vancomycin 75/76 (98.7) 79/79 (100) 53/77 (68.8) 0.49 <0.01 <0.01

Linezolid 62/62 (100) 61/61 (100) 61/61 (100) 1.00 1.00 1.00

Quinupristin-dalfopristin 42/61 (68.9) 0/61 (0) 49/61 (80.3) <0.01 0.15 <0.01

Tetracycline 56/76 (73.7) 27/79 (34.2) 60/77 (77.9) <0.01 0.54 <0.01

Erythromycin 61/76 (80.3) 22/79 (27.8) 9/77 (11.7) <0.01 <0.01 <0.01

Ciprofloxacin 63/76 (82.9) 47/79 (59.5) 13/77 (16.9) <0.01 <0.01 <0.01

Rifampin 65/76 (85.5) 40/79 (50.6) 29/77 (37.7) <0.01 <0.01 <0.01

Imipenem 13/14 (92.9) 18/18 (100) 5/16 (68.8) 0.44 <0.01 <0.01

Gentamicin‡ 66/73 (90.4) 50/75 (66.7) 38/78 (48.7) <0.01 <0.01 <0.01

Streptomycin§ 69/73 (94.5) 57/75 (76.0) 65/77 (84.4) <0.01 0.05 <0.01

Data are n/N (%) of patients. 
* Not all isolates underwent susceptibility testing.
† Overall p-values are for the overall comparison among the three groups.
‡ Isolates did not show high-level resistance to gentamicin.
§ Isolates did not show high-level resistance to streptomycin.
‖ Statistically significant p-values are presented in boldface.
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Antibiotic therapy

Antibiotic treatment regimens are shown in Table 5. Forty-seven patients (58.8%) with E. 

durans bacteremia received appropriate therapy, 42 of whom received monotherapy, with 

ampicillin being the most common antibiotic (23/47, 48.9%), followed by vancomycin 

(15/47, 31.9%), teicoplanin (3/47, 6.4%), and linezolid (1/47, 2.1%). Compared with other 

two groups of bacteremia, the frequencies of prescribed single appropriate antibiotic to E. 

durans bacteremia were significantly different in ampicillin (48.9% vs. 66.7% vs. 10.0%, p

<0.01; versus E. faecalis and E. faecium, respectively) and linezolid (2.1% vs. 1.9% vs. 

35.0%, p <0.01). For prescription of vancomycin (31.9% vs. 46.3% vs. 48.3%, p =0.2), and 

teicoplanin (6.4% vs. 1.9% vs. 10.0%, p =0.2), there were no distinct differences among 

three groups. Compared with E. faecalis bacteremia, there were no significant differences in 

the frequency of prescribed single appropriate antibiotic. However, prescription of ampicillin 

(48.9% vs. 10.0%, p <0.01) and linezolid (2.1% vs. 35.0%, p <0.01) were significantly 

different compared with E. faecium bacteremia. Combination antibiotic therapy was 

administered to 7 of patients with E. durans bacteremia. Among these patients, 4 (8.5%) 

received ampicillin with gentamicin, 2 (4.3%) received penicillin with gentamicin, and 

remaining 1 (2.1%) received vancomycin with gentamicin. I could not find a difference in 

the frequency of ampicillin plus gentamicin combination regimen (8.5% vs. 3.7% vs. 1.7%, p

=0.51; versus E. faecalis and E. faecium, respectively) among the three groups. No patient 

with E. faecalis or E. faecium bacteremia received combination therapy containing penicillin 

or vancomycin. The proportion of patients received appropriate antibiotics was high in the 

order of E. durans, E. faecalis and E. faecium bacteremia (58.8% vs. 67.5% vs. 75.0%, p

=0.09), without significant differences among the three groups. Thirty-five patients of 47 E. 

durans bacteremia (35/47, 74.5%) who received appropriate therapy were administered such 

antibiotics within three days from index day. The median duration of adequate therapy was 

11 days (IQR, 4–18 days). There were no significant differences regarding the proportion of 
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patients received appropriate antibiotics within three days from the onset of bacteremia and 

duration of appropriate antibiotics among the three groups.

Outcomes

Clinical outcomes are summarized in Table 5. The all-cause 60-day mortality rate of patients 

with E. durans bacteremia was 20.0% (16 of 80 patients), with only two deaths (2.5%) 

considered to be related to bacteremia. The first patient had diabetes mellitus as an 

underlying disease with concomitant bacteremia due to E. coli. The second patient was 

received recent chemotherapy for head and neck cancer, with concomitant bacteremia due to 

P. aeruginosa and C. perfringenes. The initial manifestation of these two patients was 

categorized as septic shock. The all-cause 60-day mortality of the E. durans bacteremia was 

lower than those of the E. faecalis or E. faecium bacteremia (20.0% vs. 31.2% vs. 42.5%, p

<0.01), and the difference in mortality rate was particularly significant between day 14 and 

28. Kaplan-Meier curve illustrates the overall survival rates of these three groups (Figure 2). 

Bacteremia-related mortality of E. durans bacteremia was significantly lower than that of 

other two groups (2.5% vs. 16.2% vs. 18.8%, p <0.01; versus E. faecalis and E. faecium,

respectively). In-hospital mortality of three groups also showed similar results (15.0% vs. 

28.7% vs. 31.6%, p =0.04).
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Table 5. Treatment and outcomes of patients with enterococcal bacteremia

Group 1 Group 2 Group 3

Group 

1 vs 2

p-value

Group 

1 vs 3

p-value

Overall 

p-value*Characteristic

E. durans

bacteremia

(n = 80)

E. faecalis

bacteremia

(n = 80)

E. faecium

bacteremia

(n = 80)

Received appropriate therapy† 47 (58.8) 54 (67.5) 60 (75.0) 0.25 0.03 0.09

Monotherapy

Ampicillin 23/47 (48.9) 36/54 (66.7) 6/60 (10.0) 0.07 <0.01‡ <0.01

Vancomycin 15/47 (31.9) 25/54 (46.3) 29/60 (48.3) 0.16 0.09 0.20

Teicoplanin 3/47 (6.4) 1/54 (1.9) 6/60 (10.0) 0.34 0.73 0.17

Linezolid 1/47 (2.1) 1/54 (1.9) 21/60 (35.0) 1.00 <0.01 <0.01

Combination therapy

Ampicillin plus gentamicin 4/47 (8.5) 2/54 (3.7) 1/60 (1.7) 0.41 0.17 0.26

Penicillin plus gentamicin 2/47 (4.3) 0 0 0.21 0.19 0.09

Vancomycin plus gentamicin 1/47 (2.1) 0 0 0.47 0.44 0.29

Intervals to appropriate therapy

≤3 days

35/47 (74.5) 44/54 (81.5) 49/60 (81.7) 0.66 0.37 0.6

Duration of appropriate therapy, 

median days (IQR)

11.00 

(4.00-18.00)

11.00 

(5.00-14.25)

13.00 

(8.00-18.75)

0.96 0.28 0.28

Day 1 mortality 2 (2.5) 4 (5.0) 2 (2.5) 0.68 1.00 0.74

Day 7 mortality 5 (6.2) 12 (15.0) 10 (12.5) 0.07 0.18 0.20

Day 14 mortality 5 (6.2) 15 (18.8) 16 (20.0) 0.02 0.01 0.03

Day 21 mortality 7 (8.8) 21 (26.2) 20 (25.0) <0.01 <0.01 <0.01

Day 28 mortality 7 (8.8) 21 (26.2) 23 (28.7) <0.01 <0.01 <0.01

Day 60 mortality 16 (20.0) 25 (31.2) 34 (42.5) 0.10 <0.01 <0.01

Bacteremia-related mortality 2 (2.5) 13 (16.2) 15 (18.8) <0.01 <0.01 <0.01

In-hospital mortality 12 (15.0) 23 (28.7) 25 (31.6) 0.04 0.01 0.04

Note. Data are no. (%) of patients or n/N (%) of patients.
* Overall p-values are for the overall comparison among the three groups.
† Some patients received >1 antibiotics.
‡ Statistically significant p-values are presented in boldface.
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Figure 2. Kaplan-Meier survival curve of patients with enterococcal bacteremia.
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Risk factors for mortality of patients with E. durans bacteremia

Table 6 presents a univariate analysis of risk factors for 60-day mortality of patients with E. 

durans bacteremia. Prior hospital admission within 6 months (OR, 3.40; 95% CI, 0.99-11.67; 

p =0.04), underlying solid cancer (OR, 4.11; 95% CI, 1.20-14.14; p =0.02), ultimately or 

rapidly fatal underlying disease according to McCabe and Jackson criteria (OR, 6.14; 95% 

CI, 1.77-21.36; p <0.01), septic shock as initial manifestation (OR, 6.78; 95% CI, 1.34-

34.24; p =0.03), a Pitt bacteremia score≥4 at the onset of bacteremia (OR, 14.54; 95% CI, 

1.40-151.02; p =0.02) were related with 60-day mortality of E. durans bacteremia. Urinary 

tract infection was associated with reduced 60-day mortality (OR, 0.72; 95% CI, 0.62-0.84; p

=0.02). Resistance to ampicillin was associated with a higher mortality rate (44.4%) than that 

of ampicillin-susceptible (17.9%) group. However, the difference was not statistically 

significant (p =0.09). Inadequate antibiotic therapy was not related to mortality (p =0.82). 

Multivariate analysis (Table 7) showed that ultimately or rapidly fatal underlying disease 

(adjusted OR, 5.30; 95% CI, 1.29-21.72; p =0.02) and a Pitt bacteremia score≥4 (adjusted 

OR, 13.52; 95% CI, 1.05-174.26; p =0.046) were independent risk factor for 60-day

mortality. Although the mortality rate was significantly lower among patients with urinary 

tract infection (0%) than among those involved with infections other than urinary tract

infection (25.8%), this factor was not considered as a significant risk factor in multivariate 

analysis. The median length of hospital stay after bacteremia for surviving patients was 13.5 

days (range, 0–131 days).
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Table 6. 60-day outcomes of patients with Enterococcus durans bacteremia

Variable

No. of death* / 

No. of episodes (%) p-value OR (95% CI)

Sex

Male 11/41 (26.8) 0.12 2.49 (0.78-8.00)

Female 5/39 (12.8)

Polymicrobial bacteremia

Yes 3/24 (12.5) 0.37 0.47 (0.12-1.84)

No 13/56 (23.2)

Location

ICU 1/5 (20.0) 1.00 1.00 (0.10-9.61)

Non-ICU 15/75 (20.0)

Place of acquisition

Hospital-acquired 6/35 (17.1) 0.57 0.72 (0.24-2.23)

Community-onset 10/45 (22.2)

Prior hospital admission within 6 months

Yes 12/42 (28.6) 0.04 3.40 (0.99-11.67)

No 4/38 (10.5)

Solid cancer

Yes 12/39 (30.8) 0.02 4.11 (1.20-14.14)

No 4/41 (9.8)

Ultimately or rapidly fatal disease

Yes 12/33 (36.4) <0.01 6.14 (1.77-21.36)

No 4/47 (8.5)

Septic shock

Yes 4/7 (57.1) 0.03 6.78 (1.34-34.24)

No 12/73 (16.4)

Pitt bacteremia score≥4

Yes 3/4 (75.0) 0.02 14.54 (1.40-151.02)

No 13/76 (17.1)

Portal of entry - Biliary tract

Yes 10/39 (25.6) 0.22 2.01 (0.65-6.20)

No 6/41 (14.6)

Portal of entry – Infective endocarditis

Yes 1/6 (16.7) 1.00 0.79 (0.09-7.25)

No 15/74 (20.3)

Portal of entry - Urinary tract

Yes 0/18 (0) 0.02 0.72 (0.62-0.84)

No 16/62 (25.8)

Resistance to ampicillin

Yes 4/9 (44.4) 0.09 3.67 (0.86-15.72)

No 12/67 (17.9)

Resistance to vancomycin

Yes 0/1 (0) 1.00 0.98 (0.95-1.02)

No 16/75 (21.3)

Inadequacy of antibiotic therapy

Yes 7/33 (21.2) 0.82 0.88 (0.29-2.66)

No 9/47 (19.1)

Total† 16/80 (20.0)
* Death from any cause.
† Two death were related to bacteremia (2/80 [2.5%])
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Table 7. Multivariate analysis of risk factors for 60-day mortality in E. durans bacteremia

Character

Univariate analysis

OR (95% CI) p-value

Multivariate analysis

p-valueaOR (95% CI)

Prior hospital admission within 6 months 3.40 (0.99-11.67) 0.04 0.96 (0.21-4.43) 0.96

Ultimately or rapidly fatal disease 6.14 (1.77-21.36) <0.01 5.30 (1.29-21.72) 0.02

Pitt bacteremia score≥4 14.54 (1.40-151.02) 0.02 13.52 (1.05-174.26) 0.046

Urinary tract infection 0.72 (0.62-0.84) 0.02 NA >0.99

Resistance to ampicillin 3.67 (0.86-15.72) 0.09 2.57 (0.49-13.46) 0.26

This model fit the data well in terms of discrimination (C-static = 0.84) and calibration (Hosmer-Lemeshow 

goodness of fit statistic = 0.34; p = 0.95).
* Two potential confounding variables (solid cancer for rapidly fatal disease and septic shock for Pitt bacteremia 

score≥4) were excluded from the multivariate analysis.

OR, odds ratio; aOR, adjusted odds ratio; N/S, not significant.
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Risk factors for mortality of all study patients with enterococcal bacteremia

Table 8 shows a univariate analysis of risk factors for 60-day mortality of all study patients 

with enterococcal bacteremia. E. durans bacteremia (OR, 0.43; 95% CI, 0.23-0.81; p <0.01)

and urinary tract infection (OR, 0.07; 95% CI, 0.01-0.52; p <0.01) were associated with 

survival. Prior hospital admission within 6 months (OR, 1.94; 95% CI, 1.08-3.51; p =0.03), 

ultimately or rapidly fatal disease (OR, 3.14; 95% CI, 1.73-5.71; p <0.01), septic shock (OR, 

6.43; 95% CI, 2.86-14.46; p <0.01), a Pitt bacteremia score≥4 (OR, 8.21; 95% CI, 3.30-

20.47; p <0.01), resistance to ampicillin (OR, 2.82; 95% CI, 1.56-5.10; p <0.01) and 

vancomycin (OR, 3.19; 95% CI, 1.37-7.44; p <0.01) were associated with 60-day mortality.

Independent risk factors for 60-day mortality of all study patients identified by multivariate 

analysis (Table 9) were ultimately or rapidly fatal underlying disease (adjusted OR, 3.60; 

95% CI, 1.82-7.09; p <0.01) and a Pitt bacteremia score≥4 (adjusted OR, 8.11; 95% CI, 

3.03-21.75; p <0.01). Urinary tract infection was related with reduced 60-day mortality 

(adjusted OR, 0.10; 95% CI, 0.01-0.74; p =0.02). Enterococcal species and resistance to 

antibiotics were not included in the independent risk factors for mortality of enterococcal 

bacteremia.
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Table 8. 60-day outcomes of all study patients with enterococcal bacteremia

Variable

No. of death* / 

No. of episodes (%) p-value OR (95% CI)

Organism

E. durans 16/80 (20.0) <0.01 0.43 (0.23-0.81)

E. faecalis or E. faecium 59/160 (36.9)

Sex

Male 34/123 (27.6) 0.22 0.71 (0.41-1.23)

Female 41/117 (35.0)

Polymicrobial bacteremia

Yes 18/69 (26.1) 0.27 0.71 (0.38-1.32)

No 57/171 (33.3)

Location

ICU 8/26 (30.8) 0.96 0.98 (0.40-2.35)

Non-ICU 67/214 (31.3)

Place of acquisition

Hospital-acquired 50/150 (33.3) 0.37 1.30 (0.73-2.31)

Community-onset 25/90 (27.8)

Prior hospital admission within 6 months

Yes 54/148 (36.5) 0.03 1.94 (1.08-3.51)

No 21/92 (22.8)

Solid cancer

Yes 40/114 (35.1) 0.22 1.41 (0.81-2.43)

No 35/126 (27.8)

Ultimately or rapidly fatal disease

Yes 55/132 (41.7) <0.01 3.14 (1.73-5.71)

No 20/108 (18.5)

Septic shock

Yes 22/32 (68.8) <0.01 6.43 (2.86-14.46)

No 53/208 (25.5)

Pitt bacteremia score≥4

Yes 20/27 (74.1) <0.01 8.21 (3.30-20.47)

No 55/213 (25.8)

Portal of entry - Biliary tract

Yes 29/110 (26.4) 0.13 0.65 (0.38-1.14)

No 46/130 (35.4)

Portal of entry – Infective endocarditis

Yes 1/8 (12.5) 0.44 0.31 (0.04-2.52)

No 74/232 (31.9)

Portal of entry - Urinary tract

Yes 1/28 (3.6) <0.01 0.07 (0.01-0.52)

No 74/212 (34.9)

Resistance to ampicillin

Yes 33/69 (47.8) <0.01 2.82 (1.56-5.10)

No 40/163 (24.5)

Resistance to vancomycin

Yes 14/25 (56.0) <0.01 3.19 (1.37-7.44)

No 59/207 (28.5)

Inadequacy of antibiotic therapy

Yes 23/79 (29.1) 0.62 1.16 (0.65-2.09)

No 52/161 (32.3)

Total 75/240 (31.3)
* Death from any cause.
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Table 9. Multivariate analysis of risk factors for 60-day mortality in total enterococcal bacteremia

Character

Univariate analysis

OR (95% CI) p-value

Multivariate analysis

p-valueaOR (95% CI)

E. durans bacteremia 0.43 (0.23-0.81) <0.01 0.80 (0.38-1.65) 0.54

Prior hospital admission within 6 months 1.94 (1.08-3.51) 0.03 0.89 (0.44-1.82) 0.76

Ultimately or rapidly fatal disease 3.14 (1.73-5.71) <0.01 3.60 (1.82-7.09) <0.01

Pitt bacteremia score≥4 8.21 (3.30-20.47) <0.01 8.11 (3.03-21.75) <0.01

Urinary tract infection 0.07 (0.01-0.52) <0.01 0.10 (0.01-0.74) 0.02

Resistance to ampicillin 2.82 (1.56-5.10) <0.01 1.65 (0.76-3.57) 0.21

Resistance to vancomycin 3.19 (1.37-7.44) <0.01 0.77 (0.25-2.42) 0.66

This model fit the data well in terms of discrimination (C-static = 0.78and calibration (Hosmer-Lemeshow 

goodness of fit statistic = 1.87; p = 0.41).
* A potential confounding variable (septic shock for Pitt bacteremia score≥4) were excluded from the multivariate 

analysis.

OR, odds ratio; aOR, adjusted odds ratio; N/S, not significant.
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DISCUSSION

I demonstrated clinical characteristics and treatment outcomes of E. durans bacteremia. To 

my knowledge, this is the first study to date. In this study, E. durans caused only 1.2% of the 

total enterococcal bacteremia. E. durans bacteremia mainly originated from biliary tract or 

urinary tract infection and was frequently associated with concomitant bacteremia. All-cause 

and bacteremia-related mortality were lower compared with E. faecalis and E. faecium

bacteremia. 

Enterococci are generally considered to account for approximately 10% of all bacteremia28-

31) and my result also showed a similar result (9.1%). I noted a higher proportion of E. durans

bacteremia among all enterococcal bacteremia than those of previous studies (1.2% vs. 0% –

0.2%).12,31,32) Different patient populations or more exquisite microbiological diagnostic 

techniques in the laboratory may have contributed to this difference. 

E. durans bacteremia was most commonly related to biliary tract infection (48.8%). My 

colleagues previously reported that biliary tract was a common route of E. 

gallinarum/casseliflavus and E. avium bacteremia.33,34) A Taiwanese study on non-faecalis, 

non-faecium enterococcal bacteremia, most of which were E. casseliflavus, E. gallinarum, 

and E. avium, also showed high proportion of biliary tract infection (32.7%–55.9%).12)

Considerable proportion of biliary tract infection as portal of E. durans bacteremia in this

study may reflect distinct characteristics of the study-conducted hospital where many 

patients with hepatobiliary cancer or diseases are hospitalized. 

Despite smaller numbers of patients with an indwelling urinary catheter in E. durans

bacteremia, urinary tract infection (UTI) was the second most common cause (22.5%) of E. 

durans bacteremia and occurred more frequently than E. faecalis or E. faecium bacteremia. 

When I compared my result with those of other studies on non-faecalis, non-faecium

enterococcal bacteremia,12,34) I detected a higher proportion of UTI to the entire source of 
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bacteremia (22.5% vs. 1.9%–4.4%). The biofilm-forming mechanism of E. faecalis which 

linked to tropism for human urinary tract is well known,35-38) but the factors involved in 

biofilm formation of E. durans is still veiled. Although the relationship between the 

pathogenesis of UTI and E. durans has not been elucidated yet, my result suggests that the 

potential of E. durans for triggering UTI may surpass that of E. faecalis.

Another notable finding in this study was that the incidence of infective endocarditis in E. 

durans bacteremia tended to be higher than that of other enterococcal bacteremia. The 

complex interactions of various factors such as microbial surface components recognizing 

adhesive matrix molecule (MSCRAMM), enterococcal surface protein (Esp), and gelatinase

appears to contribute to the capability of biofilm formation by E. faecalis.39-41) According to a 

recent study, E. durans can also possess esp, fsrA, fsrC, gelE and other genes which encode 

proteins involving biofilm formation of E. faecalis.42) These findings suggest that infective 

endocarditis should be considered as one of the differential diagnoses when E. durans

bacteremia is found. Further studies on the relationship between possession of genes 

involved in biofilm formation of E. durans and incidence of infective endocarditis are 

needed.

Patients with E. durans bacteremia showed a lower risk of mortality compared with E. 

faecalis or E. faecium bacteremia and none of the patients with monomicrobial E. durans

bacteremia died. Following explanations may support these findings. First, low intrinsic 

virulence of E. durans may have contributed to the favorable outcome of the study patients. 

It has been suggested that intrinsic virulence of E. durans may be lower compared with E. 

faecalis.15) Several factors such as hemolysin, gelatinase and enterococcal surface protein

(Esp) have been suggested to induce virulence of E. faecalis.43-45) However, no studies have 

described the effects of the virulence factors of E. durans. Second, lower incidence of 

antimicrobial resistance among E. durans isolates could result in lower mortality. Most E. 

durans isolates were susceptible to penicillin and only one E. durans isolate showed 
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resistance to vancomycin in this study. Previous meta-analyses on enterococcal bacteremia, 

which demonstrated a significant association between vancomycin resistance and mortality 

support my result.46-48) Third, the relatively high proportion of UTI in patients with E. durans

bacteremia may influence the outcome. Approximately quarter of E. durans bacteremia 

(18/80, 22.5%) were related with UTI, and no all-cause mortality among these patients was 

identified. Besides, low incidence of catheter-associated UTI (considered as a subcategory of 

complicated UTI) among total UTI in patients with E. durans bacteremia may affect this 

result as well. Last, more favorable underlying condition and bacteremia severity could be 

another reason for lower mortality of patients with E. durans bacteremia than those with 

other enterococcal bacteremia. As shown in the multivariate analysis on mortality of all 

study patients, underlying disease, severity of bacteremia, and urinary tract infection may 

have mediated lower mortality of E. durans bacteremia. Enterococcal species and resistance 

to antibiotics were excluded from the multivariate analysis, but further studies are needed on 

this issue in the future.

This study has several limitations. Due to retrospective data collection from a single tertiary 

center at a specific location and small sample size, my data may not reflect whole aspects of 

E. durans bacteremia. Especially, these limitations may have been affected by the sources of 

E. durans bacteremia. In addition, some of E. durans isolates identified by Microscan system

were reported as E. durans/hirae. Another weak point is that molecular typing and 

susceptibility test for teicoplanin has not been performed in the laboratory. 
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CONCLUSION

The present study provides new information on clinical characteristics and treatment 

outcome of E. durans bacteremia. E. durans bacteremia accounts for a minor proportion of 

the total enterococcal bacteremia, and mainly originate from biliary tract or urinary tract 

infection. The mortality of E. durans bacteremia is significantly lower than that of E. faecalis

or E. faecium bacteremia.



31

REFERENCES

1. Hidron AI, Edwards JR, Patel J, Horan TC, Sievert DM, Pollock DA, et al. NHSN annual 

update: antimicrobial-resistant pathogens associated with healthcare-associated infections: 

annual summary of data reported to the National Healthcare Safety Network at the Centers 

for Disease Control and Prevention, 2006-2007. Infect Control Hosp Epidemiol. 

2008;29(11):996-1011.

2. Brown DF, Hope R, Livermore DM, Brick G, Broughton K, George RC, et al. Non-

susceptibility trends among enterococci and non-pneumococcal streptococci from 

bacteraemias in the UK and Ireland, 2001-06. J Antimicrob Chemother. 2008;62 Suppl 

2:ii75-85.

3. Miller WR, Munita JM, Arias CA. Mechanisms of antibiotic resistance in enterococci. 

Expert Rev Anti Infect Ther. 2014;12(10):1221-36.

4. Lucas GM, Lechtzin N, Puryear DW, Yau LL, Flexner CW, Moore RD. Vancomycin-

resistant and vancomycin-susceptible enterococcal bacteremia: comparison of clinical 

features and outcomes. Clin Infect Dis. 1998;26(5):1127-33.

5. Patterson JE, Sweeney AH, Simms M, Carley N, Mangi R, Sabetta J, et al. An analysis of 

110 serious enterococcal infections. Epidemiology, antibiotic susceptibility, and outcome. 

Medicine (Baltimore). 1995;74(4):191-200.

6. Caballero-Granado FJ, Becerril B, Cuberos L, Bernabeu M, Cisneros JM, Pachon J. 

Attributable mortality rate and duration of hospital stay associated with enterococcal 

bacteremia. Clin Infect Dis. 2001;32(4):587-94.

7. Sherman JM, Wing HU. Streptococcus durans n. sp. Journal of Dairy Science. 

1937;20(3):165-7.

8. Abe Y, Nakamura K, Yamada M, Yamamoto Y. Encephalomalacia with Enterococcus 

durans infection in the brain stem and cerebral hemisphere in chicks in Japan. Avian Dis. 



32

2006;50(1):139-41.

9. Cheon DS, Chae C. Outbreak of diarrhea associated with Enterococcus durans in piglets. J 

Vet Diagn Invest. 1996;8(1):123-4.

10. Collins M, Jones D, Farrow J, Kilpper-Balz R, Schleifer K. Enterococcus avium nom. 

rev., comb. nov.; E. casseliflavus nom. rev., comb. nov.; E. durans nom. rev., comb. nov.; E. 

gallinarum comb. nov.; and E. malodoratus sp. nov. International Journal of Systematic and 

Evolutionary Microbiology. 1984;34(2):220-3.

11. Ruoff KL, de la Maza L, Murtagh MJ, Spargo JD, Ferraro MJ. Species identities of 

enterococci isolated from clinical specimens. J Clin Microbiol. 1990;28(3):435-7.

12. Tan CK, Lai CC, Wang JY, Lin SH, Liao CH, Huang YT, et al. Bacteremia caused by 

non-faecalis and non-faecium enterococcus species at a Medical center in Taiwan, 2000 to 

2008. J Infect. 2010;61(1):34-43.

13. Barreto A, Guimaraes B, Radhouani H, Araujo C, Goncalves A, Gaspar E, et al. 

Detection of antibiotic resistant E. coli and Enterococcus spp. in stool of healthy growing 

children in Portugal. J Basic Microbiol. 2009;49(6):503-12.

14. Abamecha A, Wondafrash B, Abdissa A. Antimicrobial resistance profile of Enterococcus

species isolated from intestinal tracts of hospitalized patients in Jimma, Ethiopia. BMC Res 

Notes. 2015;8:213.

15. Gaspar F, Teixeira N, Rigottier-Gois L, Marujo P, Nielsen-LeRoux C, Crespo MT, et al. 

Virulence of Enterococcus faecalis dairy strains in an insect model: the role of fsrB and gelE. 

Microbiology. 2009;155(Pt 11):3564-71.

16. Stepanovic S, Jovanovic M, Lavadinovic L, Stosovic B, Pelemis M. Enterococcus 

durans endocarditis in a patient with transposition of the great vessels. J Med Microbiol. 

2004;53(Pt 3):259-61.

17. Vijayakrishnan R, Rapose A. Fatal Enterococcus durans aortic valve endocarditis: a case 

report and review of the literature. BMJ Case Rep. 2012;2012.



33

18. Kenzaka T, Takamura N, Kumabe A, Takeda K. A case of subacute infective endocarditis 

and blood access infection caused by Enterococcus durans. BMC Infect Dis. 2013;13:594.

19. Fallavollita L, Di Gioacchino L, Balestrini F. Bioprosthetic Aortic Valve Endocarditis in 

Association with Enterococcus durans. Tex Heart Inst J. 2016;43(2):165-7.

20. Zala A, Collins N. Enterococcus durans Prosthetic Valve Endocarditis: A Previously 

Unreported Clinical Entity. Heart Lung Circ. 2016;25(10):e133-6.

21. Facklam RR, Collins MD. Identification of Enterococcus species isolated from human 

infections by a conventional test scheme. J Clin Microbiol. 1989;27(4):731-4.

22. Manero A, Blanch AR. Identification of Enterococcus spp. with a biochemical key. Appl 

Environ Microbiol. 1999;65(10):4425-30.

23. CLSI. Performance standards for antimicrobial susceptibility testing; 26 ed. CLSI 

supplement M100S. CLSI, Wayne, PA. 2016.

24. 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(10):791-7.

25. Mc CW, Jackson G. Gram-negative bacteremia: I. etiology and ecology. Archives of 

Internal Medicine. 1962;110(6):847-55.

26. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al. 

The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). Jama. 

2016;315(8):801-10.

27. Chow JW, Fine MJ, Shlaes DM, Quinn JP, Hooper DC, Johnson MP, et al. Enterobacter

bacteremia: clinical features and emergence of antibiotic resistance during therapy. Ann 

Intern Med. 1991;115(8):585-90.

28. Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel RP, Edmond MB. Nosocomial 

bloodstream infections in US hospitals: analysis of 24,179 cases from a prospective 

nationwide surveillance study. Clin Infect Dis. 2004;39(3):309-17.



34

29. Shaked H, Carmeli Y, Schwartz D, Siegman-Igra Y. Enterococcal bacteraemia: 

epidemiological, microbiological, clinical and prognostic characteristics, and the impact of 

high level gentamicin resistance. Scand J Infect Dis. 2006;38(11-12):995-1000.

30. Luzzaro F, Ortisi G, Larosa M, Drago M, Brigante G, Gesu G. Prevalence and 

epidemiology of microbial pathogens causing bloodstream infections: results of the OASIS 

multicenter study. Diagn Microbiol Infect Dis. 2011;69(4):363-9.

31. Frickmann H, Koller K, Veil I, Weise M, Ludyga A, Schwarz NG, et al. On the Role of 

Enterococci in the Bloodstream: Results of a Single-Center, Retrospective, Observational 

Study at a German University Hospital. Eur J Microbiol Immunol (Bp). 2017;7(4):284-95.

32. Coombs GW, Pearson JC, Daley DA, Le T, Robinson OJ, Gottlieb T, et al. Molecular 

epidemiology of enterococcal bacteremia in Australia. J Clin Microbiol. 2014;52(3):897-905.

33. Choi SH, Lee SO, Kim TH, Chung JW, Choo EJ, Kwak YG, et al. Clinical features and 

outcomes of bacteremia caused by Enterococcus casseliflavus and Enterococcus gallinarum: 

analysis of 56 cases. Clin Infect Dis. 2004;38(1):53-61.

34. Na S, Park HJ, Park KH, Cho OH, Chong YP, Kim SH, et al. Enterococcus avium

bacteremia: a 12-year clinical experience with 53 patients. Eur J Clin Microbiol Infect Dis. 

2012;31(3):303-10.

35. Kau AL, Martin SM, Lyon W, Hayes E, Caparon MG, Hultgren SJ. Enterococcus faecalis 

tropism for the kidneys in the urinary tract of C57BL/6J mice. Infect Immun. 

2005;73(4):2461-8.

36. Singh KV, Nallapareddy SR, Murray BE. Importance of the ebp (endocarditis- and 

biofilm-associated pilus) locus in the pathogenesis of Enterococcus faecalis ascending 

urinary tract infection. J Infect Dis. 2007;195(11):1671-7.

37. Mohamed JA, Huang W, Nallapareddy SR, Teng F, Murray BE. Influence of origin of 

isolates, especially endocarditis isolates, and various genes on biofilm formation by 

Enterococcus faecalis. Infect Immun. 2004;72(6):3658-63.



35

38. Frank KL, Guiton PS, Barnes AM, Manias DA, Chuang-Smith ON, Kohler PL, et al. 

AhrC and Eep are biofilm infection-associated virulence factors in Enterococcus faecalis. 

Infect Immun. 2013;81(5):1696-708.

39. Rich RL, Kreikemeyer B, Owens RT, LaBrenz S, Narayana SV, Weinstock GM, et al. 

Ace is a collagen-binding MSCRAMM from Enterococcus faecalis. J Biol Chem. 

1999;274(38):26939-45.

40. Di Rosa R, Creti R, Venditti M, D'Amelio R, Arciola CR, Montanaro L, et al. 

Relationship between biofilm formation, the enterococcal surface protein (Esp) and 

gelatinase in clinical isolates of Enterococcus faecalis and Enterococcus faecium. FEMS 

Microbiol Lett. 2006;256(1):145-50.

41. Mohamed JA, Huang DB. Biofilm formation by enterococci. J Med Microbiol. 

2007;56(Pt 12):1581-8.

42. Popovic N, Dinic M, Tolinacki M, Mihajlovic S, Terzic-Vidojevic A, Bojic S, et al. New 

Insight into Biofilm Formation Ability, the Presence of Virulence Genes and Probiotic 

Potential of Enterococcus sp. Dairy Isolates. Front Microbiol. 2018;9:78.

43. Chow JW, Thal LA, Perri MB, Vazquez JA, Donabedian SM, Clewell DB, et al. Plasmid-

associated hemolysin and aggregation substance production contribute to virulence in 

experimental enterococcal endocarditis. Antimicrob Agents Chemother. 1993;37(11):2474-7.

44. Gutschik E, Moller S, Christensen N. Experimental endocarditis in rabbits. 3. 

Significance of the proteolytic capacity of the infecting strains of Streptococcus faecalis. 

Acta Pathol Microbiol Scand B. 1979;87(6):353-62.

45. Shankar V, Baghdayan AS, Huycke MM, Lindahl G, Gilmore MS. Infection-derived 

Enterococcus faecalis strains are enriched in esp, a gene encoding a novel surface protein. 

Infect Immun. 1999;67(1):193-200.

46. DiazGranados CA, Zimmer SM, Klein M, Jernigan JA. Comparison of mortality 

associated with vancomycin-resistant and vancomycin-susceptible enterococcal bloodstream 



36

infections: a meta-analysis. Clin Infect Dis. 2005;41(3):327-33.

47. Salgado CD, Farr BM. Outcomes associated with vancomycin-resistant enterococci: a 

meta-analysis. Infect Control Hosp Epidemiol. 2003;24(9):690-8.

48. Prematunge C, MacDougall C, Johnstone J, Adomako K, Lam F, Robertson J, et al. VRE 

and VSE Bacteremia Outcomes in the Era of Effective VRE Therapy: A Systematic Review 

and Meta-analysis. Infect Control Hosp Epidemiol. 2016;37(1):26-35.



37

국문요약

Enterococcus durans 균혈증의 임상적 특징과 치료 결과

류병한

울산대학교 대학원 의학과

배경: 장구균은 특히 면역저하환자들에게 다양한 종류의 감염증을 일으키는 주요

원인균들 중 하나이다. 장구균 중 대부분을 차지하는 E. faecalis와 E. faecium

에 의한 균혈증의 임상적 특징과 치료결과는 잘 알려져 있으나, E. durans 균혈

증에 대해서는 일부 증례 보고들을 제외하면 알려진 바가 없는 실정이다.

방법: 저자들은 2,700 병상 규모의 3차 수련병원인 서울아산병원에서 1997년

12월부터 2016년 10월까지 작성된 전자의무기록을 후향적으로 분석하여 본 환

자-대조군 연구를 수행하였다. 환자군으로 16세 이상의 성인 E. durans 균혈증

환자들을 설정하였다. 두 대조군으로는 E. durans 균혈증 환자들과 성별, 연령,

균혈증 발생시기가 상응하는 E. faecalis와 E. faecium 균혈증 환자들을 무작위

로 선택하였다. 환자군과 두 대조군의 환자 비율은 1:1:1로 설정하였고, 각각의

임상적 특징과 치료 결과를 확인한 뒤 서로 비교 분석하였다. E. durans 균혈증

의 사망과 관련된 위험인자도 분석하였다.
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결과: 연구 기간 동안 확인된 모든 장구균 균혈증의 1.2%가 E. durans 균혈증

이었고, 총 80명의 성인 E. durans 균혈증 환자가 확인되었다. 이들 중 39명

(48.8%)에서 담도계 감염증이, 18명 (22.5%)에서 요로계 감염증이 진단되었다.

6명 (7.5%)은 감염성 심내막염이 진단되었다. E. durans 균혈증 중 24건

(30.0%)은 복합균에 의한 균혈증으로 발현하였다. 지역사회발생 균혈증은 대조

군에 비해 E. durans 균혈증군에서 더 흔하였다 (56.2% 대 35.0% 대 21.2%, 

p <0.01; E. faecalis, E. faecium 순서로 비교함). E. durans 균주의 대부분은

penicillin (66/76, 86.8%), ampicillin (67/76, 88.2%), 그리고 vancomycin 

(75/76, 98.8%)에 감수성이 있었다. E. durans 균혈증군은 대조군보다 모든 원

인에 의한 사망률 (20.0% 대 31.2% 대 42.5%, p <0.01)과 균혈증 연관 사망

률 (2.5% 대 16.2% 대 18.8%, p <0.01)이 유의하게 낮았다. 다변량분석을 통

하여 심각한 (ultimately fatal or rapidly fatal disease) 기저질환 (adjusted OR, 

5.30; 95% CI, 1.29-21.72; p =0.02)과 4점 이상의 Pitt bacteremia score 

(adjusted OR, 13.52; 95% CI, 1.05-174.26; p =0.046)가 E. durans 균혈증

환자들의 사망과 관련된 독립적 위험인자로 확인되었다.

결론: E. durans 균혈증은 주로 담도계 또는 요로계 감염이 원인이 되며, 사망

위험이 낮았다.
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