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Enterococcus species, in particular E. faecalis and E. faecium, are 
now among the most prevalent causes of bacteremia, trailing 
behind only Escherichia coli as well as Staphylococcus, 
Streptococcus, and Klebsiella species [1]. Enterococcal bactere
mia is associated with an imposing 20%–35% 30-day mortality 
rate, likely at least in some part due to the advanced age, 
multiple comorbid conditions, and/or underlying immuno
compromised state typical among patients affected by entero
coccal bacteremia [2–4]. Beyond the intrinsic antimicrobial 
resistance present in Enterococcus species, increasing rates of 
acquired resistance to multiple antimicrobials have further lim
ited potential therapeutic options. Persistent enterococcal bac
teremia despite seemingly appropriate antimicrobial treatment 
(based on in vitro antimicrobial susceptibilities) is a relatively 
frequent occurrence in clinical practice, at times due to an un
derlying inadequately addressed nidus of infection though fre
quently occurring without any such identified uncontrolled 
source. Current best practices for management of persistent en
terococcal bacteremia are understudied and largely undefined.

DEFINING PERSISTENT ENTEROCOCCAL 
BACTEREMIA

There is no consensus definition for persistent enterococcal 
bacteremia. Ideally such a definition would neatly segregate 
those with a “normal” duration of bacteremia from those 
with an “atypically long” duration of bacteremia, with corre
sponding good and poor clinical outcomes among the respec
tive groups, in order to facilitate efforts to understand and 
improve the care of those in the latter group. Even with such 

an ideal definition, those with persistent bacteremia would re
main a heterogenous group given the multitude of potential 
contributing factors, including deficient host immunity, viru
lence factors specific to particular clinical isolates, presence or 
absence of ongoing focal source(s) of infection (eg, catheter, ab
scess, or endocarditis), and the timing and appropriateness of 
antimicrobial therapy. Of note, among these factors, beyond 
encouraging efforts at source control, only the choice of antimi
crobials is typically modifiable in clinical practice.

One approach to defining persistent enterococcal bacteremia 
is to acknowledge that any duration of bacteremia beyond only 
transient detection may be associated with (or a marker of) a 
poor clinical outcome and thus define persistent bacteremia 
simply by the detection of an additional positive blood culture 
obtained after the first. Other approaches acknowledge the de
lays inherent to clinical care (ie, time from blood culture collec
tion to microbiologic diagnosis and availability of 
antimicrobial susceptibility testing results) and suggest a defini
tion of persistent enterococcal bacteremia that includes a pos
itive blood culture collected after a certain amount of time from 
the initial positive culture and/or subsequent to the administra
tion of a certain duration of appropriate antimicrobial therapy. 
A critique of the former approach is that it may include patients 
not yet receiving antimicrobials who respond quickly and ap
propriately to antimicrobials once started. Of 2 single-center 
studies that examined clinical outcomes in patients with only 
1 positive culture, compared with those with >1 positive cul
ture, one reported similar outcomes between groups (suggest
ing that a single positive blood culture may represent a 
significant infection), and the other described significantly 
higher infection-attributable mortality rate among those with 
>1 positive culture [5, 6].

When choosing a metric to best define persistent enterococ
cal bacteremia, it is helpful to consider various reports of the 
epidemiology of this increasingly common infection 
(Table 1) [7–55]. Among recent larger studies describing co
horts that include hospitalized patients with any episode of en
terococcal bacteremia, one found a mean duration of 
bacteremia of 4 days, another found that 12.0% of patients 
had persistently positive blood cultures for ≥5 days, and 
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another found that 13.5% of patients had persistently positive 
blood cultures after ≥72 hours of appropriate antimicrobials 
[7–9]. In the largest description in recent years of a cohort of 
patients with vancomycin-resistant enterococcal (VRE) bacter
emia, 8.1% of patients had persistently positive blood cultures 
for ≥7 days [10]. A separate report describing a large subset 
of these same patients with VRE bacteremia who were treated 
with daptomycin provides a more detailed look at the distribu
tion of duration of bacteremia among this group; notably 

absent is any natural grouping into “short” or “long” durations 
of bacteremia [Figure 1] [11].

A recent large multicenter prospective study directly com
pared the rates of persistent VRE and vancomycin-susceptible 
enterococcal (VSE) bacteremia (defined as persistent positive 
blood cultures for ≥4 days while receiving ≥48 hours of appro
priate antimicrobials) and found slightly higher rates among 
patients with VRE compared with VSE bacteremia (21.4% vs 
15.3%) [12]. One large study found no significant difference 

Table 1. Selected Reports Describing Cohorts of Patients With Enterococcal Bacteremia and Including Data on Bacteremia Duration

Reference 
No. Population

Total No. in 
Cohort Condition

Definition of Persistent 
Bacteremia

Persistent Bacteremia, 
No./Total Included (%)

Average Duration of 
Bacteremia

28 Adults 224 VRE bacteremia Positive culture for ≥4 d or 
death within ≤7 d

68/153 (44.4) …

37 Children 74 Bacteremia with sepsis … … 2.9 d

38 Adults 80 VRE (Enterococcus 
faecium) bacteremia

Positive culture for >48 h 13/80 (16.3) 2 d

39 Adults 106 VRE (E. faecium) 
bacteremia

Positive culture for ≥4 d or 
death within ≤7 d

26/106 (24.5) …

9 Adults 244 Bacteremia Positive culture after ≥72 h 
antibiotics

33/244 (13.5) 4–7 d

40 Adults 97 E. faecium bacteremia … … 2.5–3 d

8 Adults 250 Bacteremia Positive culture for ≥5 d 30/250 (12.0) 68 h

35 Adults 113 CLABSI 2nd Positive blood culture 13/121 (10.7) …

36 Adults 279 E. faecalis endocarditis Positive culture for ≥3 d 19/256 (7.4) 2 d

16 Adults 138 VRE bacteremia Positive culture after ≥ 4 d of 
antibiotics

24/108 (22.2) 1–7 d

49 Adults 145 PSE bacteremia Positive culture for >7 d 28/104 (26.9) …

7 Adults 263 Bacteremia … … 4 d

12 Adults 232 Bacteremia Positive culture for ≥4 d and 
after ≥48 h of antibiotics

39/232 (16.8) …

41 Adults 190 E. faecalis endocarditis … … 73–102 h

42 Adults 50 E. faecalis bacteremia Positive culture after 48–72 h 
of antibiotics

5/50 (10.0) …

43 Adults 109 E. faecalis endocarditis Positive culture after >7 d 
antibiotics

16/109 (14.7) …

13 Adults 516 endocarditis Positive culture after >7 d 
antibiotics

69/516 (13.4) …

44 Adults 186 Bacteremia … … 55–58 h

50 Adults 105 E. faecium bacteremia Positive culture after >72 h 
antibiotics

2/56 (3.6) …

15 Neutropenia 154 Bacteremia Positive culture after >72 h 
antibiotics

6/100 (6.0) …

51 SCT recipients 95 VRE bacteremia Positive culture for >3 d … 2 d

52 Adults 140 E. faecium bacteremia … … 3–4 d

45 Adults 78 E. faecalis endocarditis Definition of persistence per 
modified Duke Criteria

6/78 (7.7) …

46 Adults 210 VRE bacteremia Positive culture for ≥5 d 18/210 (8.6) …

47 Hematologic 
cancer

74 VRE bacteremia Positive culture for >4 d 9/60 (15.0) 3–5 d

11 Adults 911 VRE bacteremia Graph of clearance time … …

10 Adults 2630 VRE bacteremia Positive culture for ≥7 d 91/1117 (8.1) 2–3 d

53 Adults 190 Bacteremia … … 3–4 d

48 Adults 644 VRE bacteremia Lack of microbiologic 
clearance

38/390 (9.7) 3–4 d

14 Neutropenia 91 Bacteremia Positive culture for ≥7 d 12/91 (13.2) …

54 Adults 245 Bacteremia Last culture positive 14/191 (7.3) 3 d

55 Adults 83 Bacteremia Graph of clearance time … 1–5 d

Abbreviations: CLABSI, central line–associated bloodstream infection; ISCVID, International Society for Cardiovascular Infectious Diseases; PSE, penicillin-sensitive enterococcal; SCT, stem 
cell transplant [16–34]; VRE, vancomycin resistant enterococcal.
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in rates of persistent bacteremia between individuals with 
E. faecalis or E. faecium or between nosocomial or community 
acquired infections [9]. Interestingly, the largest recent report 
describing a group of patients with enterococcal endocarditis 
found that only 13.4% of patients had persistent bacteremia af
ter ≥7 days of antimicrobials, which was similar to the rate of 
persistent bacteremia (11.4%) among patients with all other 
causes of endocarditis (eg, Staphylococcus and Streptococcus 
spp.) in the entire cohort [13]. Two studies examining cohorts 
of neutropenic patients with enterococcal bacteremia describe 
persistent bacteremia among 13.2% (with bacteremia defined 
as positive blood cultures for ≥7 days) and 6.0% (with bacter
emia defined as positive blood cultures after ≥72 hours of ap
propriate antimicrobials) [14, 15].

When synthesizing the descriptions of the various rates of 
persistent enterococcal bacteremia among these diverse re
ports, a few salient points emerge. There may be differences 
in the rates of persistent bacteremia dependent on specific 
host (eg, presence or absence of neutropenia), bacterial (eg, 
VRE vs VSE bacteremia), or clinical (eg, presence or absence 
of endocarditis) factors; however, these differences do not ap
pear to be large. Any analysis examining the clinical relevance 
of only one of these factors to the duration of bacteremia may in 
turn be confounded by the remaining heterogeneity among 
these or other factors (eg, virulence or source control). 
Finally, given the continuous rather than discrete or bimodal 
distribution of bacteremia duration, it remains challenging to 
settle up an ideal clinically relevant definition for persistent 

enterococcal bacteremia. Moving forward, we would suggest 
that future studies consistently report the duration of bactere
mia after active antimicrobial therapy is started (as opposed to 
after collection of blood cultures) to aid in the integration of 
various research findings and the implementation of these find
ings into clinical practice.

CLINICAL RELEVANCE OF PERSISTENT 
ENTEROCOCCAL BACTEREMIA

An association between persistent enterococcal bacteremia and 
adverse clinical outcomes, including death, has been repeatedly 
demonstrated, but this association is limited by the lack of clar
ity as to whether the persistent bacteremia is a primary driver of 
poor clinical outcomes or whether instead it serves only as a 
marker of poor host immune status and/or severity of infection. 
Further limiting any interpretation of the clinical relevance of 
persistent enterococcal bacteremia are the inconsistent defini
tions for persistent bacteremia used throughout the literature, 
as well as the diversity of host and clinical factors that may con
tribute to persistent bacteremia in any individual. One recent 
study that directly compared the clinical characteristics of pa
tients with persistent (positive blood cultures after ≥72 hours 
of antimicrobials) compared with nonpersistent enterococcal 
bacteremia demonstrated a higher 30-day mortality rate among 
those with persistent bacteremia (32% vs 18%, respectively), 
but it also described significant differences in the clinical char
acteristics of the groups, including higher rates of active 

Figure 1. Comparison of microbiologic clearance for various doses of daptomycin among patients with vancomycin-resistant enterococcal bacteremia (modified from Britt 
et al [11]). Abbreviations: CI, confidence interval; HR, hazard ratio.
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hematologic cancer as well as endocarditis in the persistent bac
teremia group [9].

Another study compared patients with persistent (positive 
blood cultures after ≥4 days of antimicrobials) versus nonper
sistent VRE bacteremia and similarly found a higher in- 
hospital mortality rate (58% vs 40%, respectively); in that study 
the group with persistent VRE bacteremia was more likely to 
have neutropenia, 4 of 4 positive index blood cultures, and 
an uncontrolled source of infection, in that a higher number re
quired a source control intervention, underwent an interven
tion less often, and experienced a significant delay in the 
timing of this intervention [56]. Concordant with these find
ings, a prospective multicenter study identified multiple risk 
factors for in-hospital mortality among patients with entero
coccal bacteremia that included microbiologic failure (persis
tent positive blood cultures for ≥4 days and after ≥48 hours 
of antimicrobials), as well as elevated Pitt bacteremia score, 
neutropenia, urinary catheter, and VRE rather than VSE bac
teremia [12]. Regardless of whether persistent enterococcal 
bacteremia is directly implicated as a contributing factor to ad
verse clinical outcomes per se, it is unequivocally associated 
with poor host immune status and complicated infections. 
Once detected, it should alert treating clinicians to the high 
risk for adverse clinical outcomes and the need for aggressive 
source control and optimization of antimicrobial therapy.

ANTIMICROBIAL SUSCEPTIBILITY AND TOLERANCE 
CONSIDERATIONS

Understanding susceptibility to antimicrobial agents is central 
to informed treatment of E. faecalis and E. faecium infections 
[57]. While on Gram stain these species may resemble com
monly encountered streptococci like Streptococcus pneumoniae 
and Streptococcus pyogenes, their susceptibilities to commonly 
used antimicrobial agents are markedly different. 
Importantly, both E. faecalis and E. faecium exhibit reduced 
susceptibilities to β-lactam antimicrobials, including universal 
resistance to all cephalosporins (except for the susceptibility 
of E. faecalis to ceftaroline). For E. faecalis, this difference 
from streptococci is manifested by a reduced susceptibility 
without frank resistance to penicillin and ampicillin and resis
tance to the antistaphylococcal penicillins. For E. faecium, most 
strains express high-level resistance to all β-lactam antimicro
bials, including ampicillin [58]. In both species, intrinsic resis
tance is associated with expression of a single, low-affinity 
penicillin-binding protein (PBP), PBP4 (E. faecalis) or PBP5 
(E. faecium) [59, 60]. Clinically available antimicrobials for 
the treatment of susceptible enterococcal infections therefore 
include ampicillin, penicillin, piperacillin, vancomycin, dapto
mycin, linezolid, tigecycline, oritavancin, telavancin, and 
quinupristin-dalfopristin (E. faecium only) (Table 2). 
Linezolid is the only one of these agents approved by the 

Food and Drug Administration for the treatment of VRE bac
teremia, and clinical experience with newer agents is sparse. 
None of these agents are free of enterococcal resistance, and 
in some cases (eg, ampicillin and vancomycin with E. faecium) 
acquired resistance is quite common [58].

E. faecalis and E. faecium also exhibit a clinically important 
tolerance to cell-wall active antimicrobials like ampicillin and 
vancomycin. “Tolerance” has had a variety of technical defini
tions over the years but in general can by defined as a large dis
parity between the antimicrobial concentration required to 
inhibit growth of a bacterial strain in vitro and that required 
to kill the strain (often defined as >99.9% reduction of the ini
tial inoculum at 24 hours) [61]. While some level of in vitro tol
erance to different antimicrobials can be demonstrated in 
individual strains of a variety of bacterial species, significant 
clinical consequences of tolerance have only been demonstrat
ed in enterococci. Early studies of E. faecalis endocarditis con
firmed that cure rates using penicillin alone approximated 40% 
[62]. Once it was recognized that combining penicillin with 
streptomycin resulted in in vitro synergistic bactericidal activ
ity, the clinical use of cell wall active agents and 

Table 2. Commonly Used Antimicrobials Effective Against Susceptible 
Enterococcus Species

Antimicrobial Agent or 
Class Comments

Ampicillin First-line treatment of choice for susceptible 
enterococcal infections in patients without a 
penicillin allergy; may have some bactericidal 
activity against some Enterococcus faecalis 
strains; inactive against most clinical 
Enterococcus faecium isolates;

Penicillin Less potent than ampicillin against most strains 
of E. faecalis, with increasing reports of 
E. faecalis strains resistant to penicillin and 
sensitive to ampicillin

Piperacillin In vitro activity/potency mirroring that of penicillin

Ceftaroline Active in vitro against E. faecalis; unclear role in 
treatment of clinical infections at present

Ceftriaxone/cefotaxime Useful in treating E. faecalis endocarditis, in 
combination with ampicillin

Vancomycin Active against strains lacking acquired 
vancomycin-resistance operons; activity is 
strictly bacteriostatic; Enterococcus gallinarum 
and Enterococcus casseliflavus strains 
intrinsically resistant

Daptomycin Broadly active against most E. faecalis and 
E. faecium strains, as well as less common 
enterococci; bactericidal activity; emergence 
of resistance during therapy is an issue, and 
such strains may also exhibit greater 
resistance to vancomycin despite lack of 
exposure

Linezolid Despite strictly bacteriostatic activity, 
observational studies have shown benefit in 
some serious enterococcal infections

Tigecycline Achievable serum levels preclude use in the 
treatment of patients with bacteremia

Quinupristin-dalfopristin Active only against E. faecium; local vascular 
toxicity and muscle toxicity have limited its use
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aminoglycosides has resulted in cure rates of 70% or greater for 
enterococcal endocarditis [13, 63]. The clinical utility of cell 
wall active agents and aminoglycoside combinations has been 
limited by the intrinsic toxicity of aminoglycosides as well as 
by the spread of high-level resistance conferred by acquired 
aminoglycoside-modifying enzymes.

More recently, it has been shown that the use of 
ceftriaxone-ampicillin combinations results in cure rates simi
lar to those of cell wall agent–aminoglycoside combinations 
when treating E. faecalis endocarditis [64]. The mechanism 
for achieving this result is unclear but may be the result of 
more complete inhibition of all PBPs than can be achieved 
with either agent alone [65]. The success of this strategy opens 
the possibility that other β-lactam combinations may also 
prove useful in treating enterococcal endocarditis [66]. It re
mains unclear whether combination antimicrobial therapy 
provides any clinical benefit for the treatment of serious entero
coccal infections apart from endocarditis, with clinical data 
limited to case reports and observational studies [15, 67, 68].

Acquired resistance is quite common in enterococci. 
Resistance to tetracyclines (except tigecycline) and erythromy
cin is widespread, owing to the presence of resistance determi
nants on transposons, transferable plasmids and mobilizable 
chromosomal regions [69, 70]. Resistance to oxazolidinones 
most commonly occurs through mutations in ribosomal RNA 
genes selected by exposure to these antimicrobials in the clinical 
setting, though plasmid-mediated linezolid resistance can also 
occur [71, 72]. Resistance to daptomycin can be selected by ex
posure to this antimicrobial through mechanisms that appear to 
alter membrane charge [73]. Resistance to ampicillin in E. faeca
lis remains rare and results most often from combinations of 
amino acid substitutions in low-affinity PBP4 and increased ex
pression of this protein [60]. Rarely, ampicillin resistance in 
E. faecalis may be caused by acquired β-lactamase production. 
Resistance to ampicillin in E. faecium is most commonly medi
ated through amino acid substitutions in low-affinity PBP5, 
while resistance to vancomycin is generally the result of expres
sion of acquired vancomycin resistance transposons [35, 36, 59]. 
The majority of clinical E. faecium strains in many series are re
sistant to high concentrations of both vancomycin and ampicil
lin. For reasons that remain unexplained, vancomycin resistance 
continues to be relatively rare in E. faecalis [58].

PATHOGENICITY AND VIRULENCE 
CONSIDERATIONS

Enterococci are commonly considered pathogens of “lower” 
virulence than more aggressive pathogens like S. pyogenes, 
S. pneumoniae, and Staphylococcus aureus. Still, there are 
defined mechanisms by which enterococci move from com
mensal to pathogen, which include their ability to multiply in 
the gastrointestinal (GI) tract, their ability to attach to epithelial 

cells of the GI tract, the urinary tract, heart valves, and prosthet
ic material. A delineation of these factors is beyond the scope of 
this discussion and the reader is referred to excellent recent re
views of the subject [74, 75]. One virulence characteristic that is 
particularly relevant to this discussion is the formation of bio
film. Biofilm formation is important in many different types of 
infections [76]. It is likely that enterococci can enter a “persister 
state” when present in a biofilm, making them less susceptible 
to antimicrobials. In addition, in vitro experiments have shown 
that minimum inhibitory concentrations for some antimicrobi
als are higher in biofilm cells than in planktonic cells and in
crease with the duration of the biofilm (which in many 
clinical infections is prolonged). Finally, gene exchange be
tween enterococci is promoted by some of the same factors 
that are involved in biofilm generation, increasing the risk of 
the emergence of new resistant variants. Currently, there are 
no pharmaceutical interventions proved to attenuate the im
pact of biofilms on antimicrobial therapy, emphasizing the im
portance of debridement and removal of prosthetic devices 
whenever possible.

The relationship between virulence and antimicrobial resis
tance in human pathogenic bacteria is complex. There are clear 
examples where, using in vitro or in vivo techniques, acquisi
tion of antimicrobial resistance reduces the “fitness” or viru
lence of a bacterial strain. In general, explanations proffered 
for this increased cost have included compromise of function 
caused by changing amino acids in target proteins when resis
tance results from target mutations or the extra metabolic load 
created by the additional DNA and gene expression associated 
with acquired resistance elements [77]. In the clinical setting, it 
is difficult to confirm that antimicrobial resistance is associated 
with reduced virulence, since mutational resistance may be fol
lowed by compensatory mutations lessening the burden, ac
quired resistance elements may be accompanied by new 
virulence determinants, and regulatory elements within resis
tance determinants may reduce the metabolic load to minimal 
levels or serve to activate otherwise quiescent virulence factors 
[78]. In the case of E. faecium, one could posit that vancomycin 
and ampicillin resistance were themselves virulence determi
nants, since their emergence in the clinical setting was associat
ed with percentages of enterococcal infections caused by this 
species rising from around 10% in the era before ampicillin 
and vancomycin resistance to 25%–35% after they emerged 
[79]. Of course, this increase was associated with a specific clade 
that may also have important virulence determinants, but that 
remains a matter of speculation since the clinical relevance of 
most putative virulence determinants in this species remains 
largely unexplored [37].

A sometimes-overlooked consequence of enterococcal resis
tance is the impact antimicrobials have on GI colonization by 
enterococci. Enterococci are present in the normal human GI 
flora in substantial numbers, but they represent a relatively 
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small percentage of bacteria in the gut. Under the influence of 
antimicrobials, especially those that achieve high concentra
tions in the GI tract, enterococci can become predominant, 
leading to increased translocation into the bloodstream and in
creased contamination of the perineal region, predisposing to 
infections, particularly in immunocompromised patients and 
in those with instrumented urinary tracts. In particular, ceph
alosporins secreted by the GI tract, such as ceftriaxone (which 
achieves biliary concentrations exceeding 5000 μg/mL with 
normal dosing), and drugs with potent activity against anaero
bic bacteria have been associated with enterococcal coloniza
tion and infection [38, 39].

DIAGNOSTIC CONSIDERATIONS

From a clinical standpoint, identifying those who will develop 
persistent enterococcal bacteremia at the outset of their infec
tion when any intervention would presumably be most helpful 
can be challenging; once persistent bacteremia (however de
fined) has been demonstrated days later, the therapeutic win
dow for optimal aggressive clinical management may have 
already passed. As previously described, there is not a single 
point in time when ongoing enterococcal bacteremia should 
abruptly trigger concern for persistent bacteremia and/or com
plicated infection; instead, appropriate diagnostic and thera
peutic maneuvers should begin once bacteremia is detected 
and methodically proceed so long as the bacteremia persists 
and/or a focal source of infection has not been identified and 
addressed. Knowledge of the characteristics of local blood cul
ture systems may be helpful to assess the relevance of late or 
persistent culture growth despite appropriate antimicrobial 
therapy.

Certain host factors may help predict persistent enterococcal 
bacteremia, including neutropenia, active hematologic cancer, 
and ongoing intermittent hemodialysis. Enterococcal bactere
mia attributed to a central venous catheter infection does not 
seem to be associated with persistent bacteremia per se, perhaps 
because this is an easily and frequently addressed source of in
fection during typical clinical care, and thus ongoing attention 
to appropriate management of central venous catheters in pa
tients with enterococcal bacteremia should not be neglected 
[9]. The most efficient diagnostic strategy to Identify all pa
tients with enterococcal endocarditis remains unsettled. The 
NOVA and DENOVA scores were developed to help “rule 
out” endocarditis and avoid the need for transesophageal echo
cardiography (TEE) in patients at very low risk for endocardi
tis; the diagnostic performance of these scores is good but not 
perfect, so a cautious approach to this algorithmic diagnostic 
strategy, considering additional relevant clinical features of in
dividual patients, seems prudent [40–42] (Table 3).

The Duke–International Society for Cardiovascular 
Infectious Diseases (ISCVID) criteria for the diagnosis of 

infective endocarditis were recently updated and now newly in
clude E. faecalis as a typical pathogen for endocarditis [43]. It is 
important to note that enterococcal endocarditis is primarily 
due to E. faecalis rather than E. faecium or other enterococci, 
with one large cohort finding E. faecalis as the cause of 91% 
of enterococcal endocarditis cases [13]. The accurate identifica
tion of all patients with enterococcal endocarditis is para
mount, as the recommended management typically will 
include 2 antimicrobial agents rather than a single agent [44]. 
One group assessed a large cohort of patients with E. faecalis 
bacteremia (defined as ≥1 positive culture) and found that 
26% had definite endocarditis; in that study, TEE was used in 
the diagnostic workup in 74% of the patients [45].

The updated Duke-ISCVID criteria also describe the use of 
alternate imaging studies (cardiac computed tomography, flu
orodeoxyglucose positron emission tomography/computed to
mography) to complement echocardiography for the diagnosis 
of endocarditis [43]. Attempts to identify occult sources for en
terococcal bacteremia are also crucial. Consideration of endo
scopic evaluation (in particular colonoscopy) may help 
identify luminal GI pathology responsible for translocation of 
GI flora; importantly, this can also serve to identify occult non
infectious processes (eg, GI cancer) in need of management. 
Despite a thorough evaluation, in many cases an underlying ni
dus of infection is not found. One recent large study described a 
cohort of patients with persistent enterococcal bacteremia (de
fined as positive blood cultures after ≥72 hours of antibiotics) 
and found that 39% had no identifiable source of infection be
yond primary bacteremia, though it is unclear how extensive 
the diagnostic evaluations were in these cases [9]. Regardless 
of whether or not a source of persistent enterococcal bactere
mia is immediately apparent, infectious disease consultation 
should be considered to assist with diagnostic and management 
efforts, as this has been consistently associated with a decrease 
in mortality rate [46].

THERAPEUTIC CONSIDERATIONS

Patients with persistent enterococcal bacteremia are frequently 
eventually found to have an underlying nidus of infection. 
Optimal management strategies for enterococcal catheter- 
related bloodstream infections (CRBSIs) and enterococcal en
docarditis are well described in clinical practice guidelines cov
ering these topics [44, 48]. Of note, if attempting salvage 
therapy for an enterococcal CRBSI as opposed to prompt re
moval of the offending catheter, one should strongly consider 
antimicrobial lock therapy as an adjunct to systemic antimicro
bial therapy. A 2022 report suggests that a 7-day course of an
timicrobials after catheter removal may be adequate treatment 
for enterococcal CRBSI; updated Infectious Diseases Society of 
America CRBSI guidelines are expected soon [48, 49]. 
Regarding the treatment of enterococcal endocarditis, beyond 
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the perennially controversial choice of optimal antimicrobial 
therapy reviewed in depth elsewhere, arguably the most impor
tant factor in a successful outcome for these complicated pa
tients is clear communication among the multidisciplinary 
team of providers typically involved in their care. In particular, 
highlighting attributes specific to enterococcal endocarditis— 
such as increased rates of recurrent infection and similar mor
bidity and mortality rates despite a less frequent overt septic ap
pearance compared with nonenterococcal endocarditis—may 
help guide decision making surrounding individualized medi
cal and/or surgical treatment strategies [13, 50].

Enterococcal osteoarticular infections may also serve as a ni
dus for persistent enterococcal bacteremia, as well as a source of 
clinical management challenges. In particular, the optimal 
treatment of enterococcal prosthetic joint infections remains 
uncertain. Again, a collaborative medical and surgical approach 
with clear communication among providers surrounding 
planned management strategies is paramount. At issue is the 
choice between debridement with implant retention or 1- or 

2-stage implant exchange, optimal choice of antimicrobial ther
apy (single vs combination therapy), and whether there is a role 
for subsequent suppressive antimicrobial therapy in some or all 
cases. The evidence addressing the optimal management of en
terococcal prosthetic joint infections in particular is limited to 
retrospective cohort studies. The unique pathogenicity, antimi
crobial tolerance, and biofilm formation attributes intrinsic to 
enterococcal infections suggest that an optimal approach to 
the management of enterococcal prosthetic joint infections 
may differ from management strategies for other more com
monly implicated bacteria, such as S. aureus or 
Enterobacteriaceae [51, 52].

Persistent enterococcal bacteremia without an evident un
derlying nidus of infection despite an appropriate or exhaustive 
workup is also a relatively common diagnostic end point. On 
encountering such a clinical scenario, beyond consideration 
of interventions to improve the patient’s immune status if pos
sible or relevant, the only remaining modifiable treatment strat
egy is typically a change in directed antimicrobial therapy. 

Table 3. Diagnostic Criteria and Scoring Systems for Enterococcal Infective Endocarditis

Clinical Data 2023 Duke-ISCVID Criteriaa NOVAa DENOVAa

Positive blood 
culture

Major criteria: 
E. faecalis bacteremia in ≥2 blood culture sets 
OR 
other enterococcal bacteremia in ≥3 blood culture 
sets

N represents number of positive blood 
cultures suggestive of continuous 
bacteremia (3 of 3 or majority of >3); 
O, 
origin of bacteremia unknown

N represents number of positive blood 
cultures suggestive of continuous 
bacteremia (2 of 2 or majority of >2); O, 
origin of bacteremia unknown

Evidence of 
endocardial 
involvement

Major criteria: 
echocardiogram and/or cardiac CT showing 
vegetation, perforation or other suppurative 
complication, or significant new regurgitation 
OR 
PET/CT showing abnormal metabolic activity 
involving valve

V represents prior valve disease, 
including native valve disease, 
previous endocarditis, or presence 
of a valve prosthesis

V represents prior valve disease, including 
native valve disease, previous 
endocarditis, or presence of a valve 
prosthesis

Predisposition Minor criteria: 
prior endocarditis, prosthetic valve or valve repair, 
CHD or HOCM, more than mild stenosis or 
regurgitation, endovascular CIED, or injection 
drug use

A represents auscultation of a heart 
murmur

A represents auscultation of a heart 
murmur

Fever Minor criteria: 
temperature >38.0°C

… D represents duration of any symptoms 
compatible with endocarditis for ≥7 d

Vascular 
phenomena

Minor criteria: 
major arterial emboli, septic pulmonary infarcts, 
cerebral or splenic abscess, mycotic aneurysm, 
intracranial hemorrhage, conjunctival 
hemorrhages, or Janeway lesions

… E represents embolization as determined 
with clinical examination or imaging

Immunologic 
phenomena

Minor criteria: glomerulonephritis, Osler nodes, 
Roth spots, or rheumatoid factor

… …

Microbiologic 
evidence

Minor criteria: 
positive enterococcal blood cultures that do not 
meet major criteria 
OR 
positive enterococcal culture from other sterile 
site

… …

Imaging criteria Minor criteria: 
abnormal PET/CT metabolic activity at prosthetic 
valve within 3 mo of implantation

… …

Abbreviations: CHD, congenital heart disease; CIED, cardiovascular implantable electronic device; CT, computed tomography; E. faecalis, Enterococcus faecalis; HOCM, hypertrophic 
obstructive cardiomyopathy; ISCVID, International Society for Cardiovascular Infectious Diseases; PET, positron emission tomography.  
aThe 2023 Duke-ISCVID criteria describe definite infective endocarditis as the presence of 2 major, 1 major and 3 minor, or 5 minor clinical criteria [43]. The NOVA score assigns points to clinical 
criteria (N, 5 points O, 4 points; V, 2 points; A, 1 point) and describes a very low risk for endocarditis with total scores <4 points [40]. The DENOVA score assigns points to clinical criteria (1 point 
for each of the 6 DENOVA criteria) and describes a very low risk for endocarditis with total scores <3 points [42].
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When considering such a change, it is prudent to be cautious, as 
“more” antimicrobials (combination therapy) may not neces
sarily provide additional efficacy and “different” or “stronger” 
antimicrobials may also be associated with additional direct 
and indirect adverse effects. No change to antimicrobial thera
py, particularly in a clinically stable or improving patient, 
should also be entertained as an appropriate therapeutic 
option.

Among patients with persistent bacteremia and ongoing sep
sis, embolic phenomena, or other clinical complications attrib
utable to their ongoing infection, a limited number of choices 
for alternate or additional antimicrobial therapy are available, 
including gentamicin or other aminoglycosides, vancomycin, 
daptomycin, linezolid, tigecycline, and/or quinupristin- 
dalfopristin (for E. faecium). Evidence addressing the clinical 
benefit of transitioning to any of these agents or combination 
therapy in the absence of antimicrobial resistance is lacking 
and at present limited to preclinical and observational data 
[15, 66–68]. Of note, given concerns regarding the current dap
tomycin susceptibility breakpoint for enterococci and prior ob
servational studies demonstrating that higher daptomycin 
doses may improve clinical outcomes, attention to appropriate 
dosing is imperative when using this antimicrobial [11, 53, 54] 
(Figure 1). Among severely immunocompromised patients, 
persistent and/or recurrent enterococcal bacteremia may be 
difficult to eradicate without a return of or improvement in 
host immunity. Antimicrobial treatment of these patients with
out effective eradication of bacteremia for weeks or months (in 
the setting of the extensive prior antimicrobial exposure com
mon in many of these patients) may lead to the emergence of 
clinically relevant antimicrobial resistance; in these patients, 
even more than in others, it is important to plan ahead and pre
serve alternative antimicrobial therapies until they are needed 
[55, 80].

FUTURE RESEARCH DIRECTIONS/QUESTIONS

Ongoing research is needed to further elucidate specific factors 
intrinsic to host immunity or enterococcal virulence that con
tribute to persistent bacteremia and severe infections. 
Additional efforts to unravel mechanisms of antimicrobial syn
ergism (and/or antagonism) with respect to Enterococcus spe
cies may help direct (or discourage) novel treatment 
strategies. Several newer antimicrobials (eg, oritavancin, dalba
vancin, eravacycline, omadacycline, tedizolid, ceftaroline, fos
fomycin) have demonstrated activity against Enterococcus 
isolates, though their role in clinical care, as single agents or 
in combination, has yet to be defined. Combination antimicro
bial therapy or early antimicrobial escalation strategies for se
vere enterococcal infection (without endocarditis) may 
provide a clinical benefit to some patients, although this has 
not yet been demonstrated in any interventional study. 

Despite extensive investigation, the ideal antimicrobial for the 
initial treatment of VRE bacteremia is not yet well defined. 
The role of rifampin or other biofilm active agents for use in en
terococcal infections involving prosthetic materials needs fur
ther exploration. Given the poor clinical outcomes associated 
with many severe or persistent enterococcal infections, there 
remains much work yet to be done.
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