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Background. Enterococcal bacteremia carries significant mortality. While multiple studies have evaluated the impact of
infectious disease consultation (IDC) on this condition, these studies were limited by the low numbers of patients enrolled. This
systemic literature review and meta-analysis was conducted to determine whether IDC is associated with a mortality benefit
among patients with enterococcal bacteremia.

Methods. We performed a systematic literature search using 5 databases for studies evaluating IDC among patients with
enterococcal bacteremia. We conducted a meta-analysis to assess whether IDC was associated with reduced mortality. Random-
effects models were used to calculate pooled odds ratios (pORs). Heterogeneity was evaluated using I° estimation and the
Cochran’s Q statistic test.

Results. The systematic literature review revealed 6496 reports, from which 18 studies were evaluated in the literature review
and 16 studies in the meta-analysis. When all studies were pooled, the association between IDC and mortality was not statistically
significant with a pOR of 0.81 (95% CI, 0.61-1.08) and substantial heterogeneity (I* = 58%). When the studies were limited to those
reporting multivariate analysis including IDC, there was a significant protective effect of IDC (pOR, 0.40; 95% CI, 0.24-0.68)
without heterogeneity (I*=0%). Some studies also showed additional benefits to IDC, including appropriate antibiotic therapy

and improved diagnostic use.
Conclusions.

IDC was associated with 60% lower odds of mortality when patients were well-matched, potentially through

improvement in the care of patients with enterococcal bacteremia. IDC should be considered part of routine care for patients

with enterococcal bacteremia.
Keywords.

enterococcal bacteremia; Enterococcus; infectious diseases consultation.

Enterococcus is a bacterial genus that is part of the commensal
gastrointestinal microbiota [1] that can translocate across the
intestine [2], causing bacteremia and other nosocomial infec-
tions [3]. Enterococcal bacteremia is associated with >20%
mortality rates, especially with inappropriate antimicrobial
therapy [4]. Most enterococcal infections are caused by
Enterococcus faecalis or Enterococcus faecium. E. faecalis is typ-
ically ampicillin-susceptible and vancomycin-susceptible and is
more frequently observed in community-acquired infections.
E. faecium is highly associated with nosocomial infections
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and can often be a vancomycin-resistant Enterococcus (VRE);
it is typically associated with worse outcomes [5, 6].
According to the 2015-2017 National Healthcare Safety
Network data from the Centers for Disease Control and
Prevention, Enterococcus species are the second most common
antimicrobial-resistant pathogen implicated in all types of
health care-associated infections, and the single most common
cause of catheter-related bloodstream infections (CLABSIs) in
patients at long-term acute care hospitals (LTACHs) with most
of these representing E. faecalis infections [7]. Longitudinal
surveillance has shown stable rates of VRE bacteremia, ac-
counting for 16% of bloodstream isolates since 2012 [8].
When compared with vancomycin-susceptible strains, VRE
has been associated with a 2-fold increase in morbidity and
mortality, likely related to differences in virulence [9, 10].
Enterococcal species have also been implicated as the causa-
tive pathogen in cases of infective endocarditis (IE); these infec-
tions are more frequently caused by E. faecalis, with an
incidence of 13%-25% of patients presenting with E. faecalis
bacteremia [9, 11]. One study found a 12% prevalence of IE
in patients with enterococcal bacteremia, with in-hospital
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mortality of 15% and a 1-year mortality rate of 35% [11], while
another study found a relapse rate of about 5% [12].
Infectious disease consultation (IDC) is often helpful for
managing aspects of complicated infections including bactere-
mia and IE, such as identifying the primary source of infection
and choosing an appropriate antimicrobial therapy. Studies
have previously shown that IDC has been associated with im-
proved rates of mortality in patients with bloodstream infections
such as Staphylococcus aureus bacteremia [13-18] and candide-
mia [19], as well as other types of infections including cryptococ-
cosis, compared with patients who did not receive IDC. There
have been several studies evaluating the effect of IDC for patients
with enterococcal bacteremia, but fewer studies compared with
S. aureus bacteremia. These studies were also limited by the
low numbers of patients enrolled. Whether there is a role for
mandatory IDC in enterococcal bacteremia remains somewhat
unclear. We conducted a systematic literature review and meta-
analysis to determine whether IDC is associated with improved
mortality among patients with enterococcal bacteremia.

METHODS

Search Strategy and Selection Criteria for the Systematic Literature
Review

A systematic literature review was performed according to the
Preferred Reporting Items for Systematic Reviews and
(PRISMA)  statement [20] and the
Meta-Analysis of Observational Studies in Epidemiology
(MOOSE) guidelines [21]. The study protocol had been ap-
proved by the International Prospective Register for Systematic
Reviews (PROSPERO) database (CRD42021266399). The sys-
tematic literature search was developed and performed by a

Meta-Analysis

health sciences librarian (R].S.). Search strategies using subject
headings and keywords were created for PubMed (United
States NIH), Embase (Elsevier), Web of Science - Core
Collection (Clarivate), CINAHL (EBSCO), and Cochrane
CENTRAL (Wiley). The searches were conducted on August
5, 2021, and updated on December 30, 2021, without any date
limitations; the studies were not limited to only those published
in English. All database results were exported to EndNote and
de-duplicated (Supplementary Table 1) [22]. Inclusion criteria
were as follows: (1) original research manuscripts (ie, random-
ized control trials, cross-sectional, case-control, and cohort stud-
ies) and (2) assessed the effect of IDC on mortality in patients
with enterococcal bacteremia. Exclusion criteria included the fol-
lowing: (1) editorials and commentaries and (2) animal studies.
All potentially relevant studies were divided and screened inde-
pendently by 2 of the reviewers (J.T. and H.S.).

Data Abstraction and Quality Assessment
Three independent reviewers (J.T., T.K., and A.R.M.) abstract-
ed data from the studies using a standardized abstraction form;

2 of these 3 reviewers analyzed each article, with 1 reviewer (J.T.)
reviewing all articles. The following data were collected as avail-
able: study design, study period, population characteristics,
source of enterococci, percentage of VRE, the proportion of echo-
cardiograms performed, and mortality. Nine authors were con-
tacted for additional information, and 3 were able to provide
additional information regarding the number of patients who
died with and without IDC [23-25]. Any discordance was medi-
ated by a fourth independent reviewer (H.S.) who also reviewed
all articles; after discussion, the consensus response was reported.

Each study was assessed with the Downs and Black scale to
evaluate the risk of bias and quality (Supplementary Table 2)
[26]. All questions were answered as intended except for ques-
tion #27 regarding Power, which was changed to a yes/no an-
swer with associated points. The reviewers performed the
component quality analysis independently, reviewed any dis-
crepancies, and came to a consensus after discussion as previ-
ously described.

Statistical Analysis

We used random-effects models with inverse variance
weighting to calculate the pooled odds ratio (pOR) and
95% CI. We performed stratified analyses by study location,
presence/absence of adjustment for confounders, type of
outcome (30-day mortality, 90-day mortality, or in-hospital
mortality), and quality of study. Heterogeneity was assessed
using I? estimation and the Cochran’s Q statistic test.
Publication bias was evaluated by visual inspection of funnel
plots. All meta-analyses were conducted using the Cochrane
Review Manager (Revman), version 5.4 (The Cochrane
Collaboration, Copenhagen, Denmark).

RESULTS

A flowchart summarizing the article selection process is shown
in Figure 1. We initially identified 9804 articles from the data-
base search; after the removal of duplicate articles, 6496 articles
were identified. After screening by title and abstracts, 204 full-
text articles were evaluated, including an additional 2 studies
that were added after screening the references of the articles.
A total of 18 articles were included for our systemic literature
review [23-25,27-41] (Table 1). Two articles [31, 38] were later
excluded due to incomplete data for the meta-analysis, leaving
16 studies for the meta-analysis [23-25, 27-30, 32-37, 39-41].

Study Characteristics

Of the 18 included studies, 14 (78%) were retrospective
cohort studies [24, 25, 27-30, 32, 33, 35-39, 41], 2 (11%)
were prospective cohort studies [23, 40], and 2 (11%) were
quasi-experimental studies [31, 34]. Thirteen (72%) were per-
formed at a single academic center [23-25, 27, 30-34, 36-41],
1 study was performed at 2 academic centers [29], another
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2009 flow diagram. Abbreviation: ID, infectious diseases.

study was performed at 99 Veteran Affairs hospitals [28], and
the other study was performed at 2 community hospitals
[35]. Two were performed at the same academic center [24,
36]. Most of the studies were conducted in the United States
(12/18, 67%) (24, 28, 29, 31, 32, 34-39, 41], followed by Japan
(2/18, 11%) [25, 30], Germany (1/18, 6%) [23], Italy (1/18, 6%)
[27], Singapore (1/18, 6%) [33], and Austria (1/18, 6%) [40].
Most of the studies (94%) evaluated adult patients [23-25,
27-29, 31-41], with median ages ranging from 53.7 to 75 years,
though 1 (6%) evaluated pediatric patients, with a median age
of 9.3 months [30]. Enterococcus species identification was

available in 15 of the studies (83%) [23-25, 27-34, 36-41].
VRE was identified in 13 of the studies (72%) [24, 27-32, 34,
36-39, 41], and was solely studied in 6 (33%) of the studies
[28, 29, 34, 36, 38, 39]; most of the VRE identified was E. faeci-
um. The source of enterococcal bacteremia was described in 14
studies (78%) [23-25, 27, 28, 30-35, 37, 39, 41]. Primary line-
associated bloodstream infection was the main source in 3 stud-
ies (17%) [30, 31, 41], intra-abdominal infections were the main
source in 6 studies (33%) [23, 25, 27, 32, 33, 37], and urinary
tract infections were the main source in 1 study (6%) [35].
Patients with identified IE due to Enterococcus species were
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D&B
Score

.81). IDC was an

independent factor for less delayed

Outcome
.001).

for 50% of patients who survived after 30

d (22/44) vs 52.1% of those who died
appropriate therapy (HR, 0.593; 95% ClI,

therapy (adjusted risk ratio, 0.41; 95% Cl,
0.436-0.805; P

0.26-0.64; P<.001). IDC was also
associated with shorter time to

within 30 d (76/146; P

of empiric and definitive
linezolid, and daptomycin

therapies, including
piperacillin-tazobactam,

Antimicrobials Studied
vancomycin, ampicillin,

Enterococcus
Species

E. faecium

46.8%

VRE 62.6%

Source of
Bacteremia
Endocarditis

IAI 15.8%
3.7%

Line-
associated

49.4%
SSTI9.5%

Unknown
10.5%

Patients
11.6% immunocompromised

Characteristic of Included
enterococcal bacteremia
4.7% HIV

Mean age 63.4 y
32.1% polymicrobial

bacteremia
36.3% ICU admission

45.3% DM

53.2% CKD
17.4% cirrhosis
6.8% IVDU

16.8% malignancy
1.1% transplant

Study
Period

Confounders
regression (result

of multivariate

analysis for
mortality was not

Adjustment for
available)

Study Design

Retrospective cohort
study

academic

Setting
center

Continued

Michigan, USA [41]

Abbreviations: aOR, adjusted odds ratio; CKD, chronic kidney disease; DM, diabetes mellitus; HR, hazard ratio; IAl, intra-abdominal infection; ICU, intensive care unit; ID, infectious diseases; IDC, infectious disease consultation; VDU, intravenous drug use;

NIDC, no infectious disease consultation; OR, odds ratio; RAST, rapid antimicrobial susceptibility testing; RR, relative risk; UTI, urinary tract infection; SSTI, skin and soft tissue infection; VRE, vancomycin-resistant Enterococci.

Table 1.

First Author/
Publication
Year/Location
Zasowski/2016/

noted in 9 of the 18 studies (50%) (23, 24, 27, 28, 30, 31, 33, 39,
41]. Ten studies evaluated 30-day mortality (56%) [24, 25, 27,
28, 30, 33, 36, 37, 41], and 3 evaluated in-hospital mortality
(17%) [29, 32, 34]. One study evaluated 14-day mortality (6%)
[39], 2 evaluated 90-day mortality (6%) [23, 30], and another
did not specify the time frame (6%) [35]. Eight of the studies
(44%) used multivariate analysis [23, 24, 27, 29, 30, 33, 36,
41], with 3 of these reporting the multivariate analysis results
for mortality alone (17%) [24, 30, 36]. When assessing the qual-
ity of the 18 included studies, 15 (83%) were classified as high
quality with a score of >19 on the Downs and Black scale
[23-25, 27, 28, 30-34, 36, 38—41]. Five studies (28%) evaluated
outcomes other than mortality [23, 24, 30, 32, 41]. Among
these studies, 4 [23, 24, 30, 41] reported more appropriate
treatment in patients receiving IDC, such as appropriate em-
piric and definitive therapy [23, 30], appropriate treatment
duration [23, 24], and shorter time to appropriate therapy
[41]. Two studies [24, 30] reported more frequent identifica-
tion of the primary source of bacteremia. The studies also re-
ported increased use of diagnostics such as follow-up blood
cultures and echocardiography [23, 24], earlier source control
[23], and increased elimination of bacteremia [32].

Meta-analysis

Sixteen studies were included in the meta-analysis [23-25,
27-30, 32-37, 39-41]. The between-study heterogeneity dif-
fered depending on the outcome assessed. When all 16 studies
were included, studies were substantially heterogeneous, and
there was not a statistically significant association between
IDC and overall mortality (pOR, 0.81; 95% CI, 0.61-1.08;
I* = 58%) (Figure 2). When the 3 studies that reported the mul-
tivariate analysis results were pooled, studies were homoge-
nous, and there was a significant protective effect of IDC
(pOR, 0.40; 95% CI, 0.24-0.68; P=0%) (Figure 3). For the
10 studies that used 30-day mortality as an outcome,
IDC was significantly protective, but there remained substan-
tial heterogeneity (pOR, 0.61; 95% CI, 0.43-0.88; I* = 65%)
(Figure 4A). For the 5 studies that exclusively evaluated VRE
bacteremia, there was no association between IDC and mortality
(pOR, 1.07; 95% ClI, 0.58-1.98; P =60%) (Figure 4B). For the 12
retrospective cohort studies included in the meta-analysis, there
was also no association between IDC and mortality (pOR, 0.81;
95% CI, 0.59-1.10; I* = 42%) (Supplementary Figure 1A). For
the 12 studies with a Downs and Black score >19, there was a
significant protective association between IDC and mortality,
with significant heterogeneity (pOR, 0.70; 95% CI, 0.52-0.93;
PP =54%) (Supplementary Figure 1B).

Publication Bias

The funnel plot (Supplementary Figure 2) revealed that the
studies were reasonably balanced around the pORs. Thus, there
was little evidence of publication bias.
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Figure 2. All 16 studies included in the meta-analysis. Abbreviations: IDC, infectious disease consultation; IV, inverse variance.

DISCUSSION

When we pooled all 16 studies together from our systematic lit-
erature review and meta-analysis, we did not identify a statisti-
cally significant effect of IDC on overall mortality. However,
when the studies were limited to only those that reported the
result of multivariate analysis, there was a statistically signifi-
cant protective associated between IDC and mortality.
Stratified analyses suggested a protective effect of IDC although
some heterogeneity remained. Some studies also showed addi-
tional benefits to IDC, including a shorter time to appropriate
antibiotic therapy, appropriate duration of antibiotic use, in-
creased diagnostic use such as repeat blood cultures or echocar-
diography, and better source identification.

There was noted to be marked heterogeneity in the included
studies. An explanation for the lack of statistical significance
and presence of heterogeneity when all 16 studies were includ-
ed in the meta-analysis could be the retrospective nature of
these studies, as many of them were observational studies or
pre-post studies. It may have been that these patients were
not well-matched, such as more severely ill patients having re-
ceived IDC vs those who were not as ill. When limited to studies
that evaluated 30-day mortality, there was a statistically signifi-
cant impact on mortality; however, there remained a degree of
heterogeneity among the studies included.

When the meta-analysis was limited to studies that per-
formed multivariate analysis including adjustment for pa-
tients receiving IDC compared with patients who did not
receive IDC [24, 30, 36], the association between IDC and
mortality became significantly more protective with a 60% re-
duction in mortality. There was also greater homogeneity not-
ed among these 3 studies. This result aligns with the benefit of

IDC in patients with S. aureus bacteremia [13-18]. These
studies have suggested increases in quality of care and de-
creases in treatment failure, mortality, and hospital length
of stay. Like S. aureus bacteremia, enterococcal bacteremia
is highly associated with IE and significant mortality [11].
ID physicians can assist in choosing appropriate antimicrobi-
al therapy in a timely manner, which is associated with im-
proved outcomes [41]. Patients with IDC have more blood
cultures drawn, leading to a more accurate assessment of bac-
teremia clearance [23, 32]. ID physicians are often able to elu-
cidate the likely primary source of infection and recommend
appropriate workup for potential complications, including
higher rates of central line removal [24] and other early source
control [23]. IDC is also associated with higher rates of ob-
taining echocardiography, an increase in appropriate antibi-
otic duration based on the primary source of infection, and
increased surgical interventions [23, 24]. Identification of IE
in patients with enterococcal bacteremia is very important,
as prolonged combination antibiotic therapy, rather than
monotherapy, is recommended by the guidelines for the treat-
ment of enterococcal IE to achieve a better outcome [42, 43].
We believe that such improvements in the quality of care for
patients with enterococcal bacteremia may lead to improved
outcomes for those patients.

When assessing the association between IDC and mortality
in patients with VRE bacteremia, there does not appear to be
an improvement in patients who receive IDC. The exact reason
for not seeing the benefits of IDC in patients with VRE bacter-
emia is not clear. Among the 6 studies included in the system-
atic review that exclusively evaluated patients with VRE
bacteremia, 2 studies reported improved outcomes with IDC
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Figure 3.

Studies using multivariate analysis with results available. Abbreviations: IDC, infectious disease consultation; IV, inverse variance.

[28, 36], 1 study reported worse outcomes with IDC [29], and 3
did not find any significant difference [34, 38, 39]. Britt et al.
reported in their study involving 2779 patients in 99 Veterans
Affairs health care systems that IDC was associated with a sig-
nificantly lower 30-day mortality (27.7% in IDC vs 38.0% in no
IDC; P <.001). The protective effect was observed among pa-
tients treated with daptomycin, linezolid, or sequential treat-
ment with linezolid to daptomycin [28]. Unfortunately,
detailed information was not available in the other studies. It
is possible that a protective effect was not observed due to
the heterogeneity among studies. Perhaps unfamiliarity with

therapeutic options beyond vancomycin in patients with VRE
is more likely to prompt IDC, but any potential benefit is lim-
ited by the smaller number of available effective antimicrobials.
It is likely that a diagnosis of VRE bacteremia is more likely to
prompt an IDC compared with a diagnosis of E. faecalis bacter-
emia, especially if there is a lack of knowledge regarding the as-
sociation of E. faecalis bacteremia with IE and without routine
echocardiography which may not occur without IDC [42].
Around 25% of patients with enterococcal bacteremia undergo
routine echocardiography [43], likely leading to underdiagno-
sis of IE in these patients. A prospective study showed that

A

0Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Bartoletti 2019 -0.8675 0.19864 17.8% 0.42 [0.28, 0.62] -
Britt 2017 -0,15082 0.023748 22.3% 0.86 [0.82, 0.90) u
Furuichi 2018 -0.597837 0.604356 6.6% 0.55 [0.17, 1.80] —_—T
Jumah 2018 -0.38776553 0.698817 5.3% 0.68 [0.17, 2.67] S
Lee 2020 -1.04982212 0.39748587 11.0% 0.35(0.16, 0.76] B
Mckinnell 2011 -0.91629 0.457081 9.5% 0.40 [D.186, 0.98] —
Mercuro 2020 -1.20397 0.83114708 4.1% 0.30 [0.06, 1.53] —_— 1
Nakakura 2019 -0.55961579 0.68138514 5.6% 0.57 [0.15, 2.17] e
Valentin 2021 096141117 0.71157209 5.2% 2.62 [0.85, 10.55] -1 -
Zasowski 2016 -0.0822381 0.344024 12.6% 0.92 [0.47, 1.81] .
Total (95% CI) 100.0% 0.61 [0.43, 0.88] "
Heterogeneity: Tau? = 0.15; Chi* = 25.59, df = 9 (P =.002); I = 65% :0 o1 c= 1 1=n 1 00=
Test for overall effecl: Z = 2.65 (P = .008) ' Favors IDC  Favors NIDG
B
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Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Britt 2017 -0.15082 0.02374756 38.6% 0.86 [0.82, 0.90]
Erlandson 2008 1.08518927 0.5441637 17.7% 2.96 [1.02, 8.60] &
MacVane 2016 0.59516677 0.59553074 16.0% 1.81[0.56, 5.83] -1 "
Mckinnell 2011 -0.91629073 0.4570815 21.1% 0.40[0.16, 0.98] —
Narayanan 2019 0.53150583 1.11095617 6.5% 1.70 [0.19, 15.01] =
Total (95% CI) 100.0% 1.07 [0.58, 1.98] ?
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Figure 4. Stratified analysis with studies using 30-day mortality as an outcome (A) and studies exclusively evaluating VRE bacteremia (B). Abbreviations: IDC, infectious

disease consultation; IV, inverse variance; NIDC, no infectious disease consultation.
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routine echocardiography done on consecutive patients diag-
nosed with E. faecalis bacteremia was associated with a concur-
rent diagnosis of IE in 26% of patients after discussion with an
endocarditis team [44]. Patients with enterococcal IE may also
be more prone to poorer outcomes compared with patients
with enterococcal bacteremia without IE, regardless of IDC.

Our systematic literature review and meta-analysis have sev-
eral limitations. First, all the studies included in our meta-
analysis were either cohort studies or quasi-experimental
pre-post studies, and 2 were performed at the same academic
center. In addition, most of the included studies did not aim
to compare patients who received IDC with those who did
not. Although our stratified analysis which used the 3 studies
with multivariate analysis results suggested a protective effect
of IDC after confounders were adjusted, there is still a risk
for residual confounders which could not have been adjusted.
Furthermore, most of the included studies did not evaluate
IDC as a time-dependent variable; therefore, there may be an
implicit survival bias in patients who lived long enough to re-
ceive IDC (immortal bias). Second, we did not include 4 studies
that conducted multivariate analysis but did not report their re-
sults in our stratified analysis. It is possible that the presence of
IDC was not selected in their final model due to the lack of a
strong association with mortality, and therefore was not report-
ed. In that case, it is possible that the estimate of a 60% reduc-
tion in the association between IDC and mortality was
overestimated. Third, some of the included studies did not
have well-matched data. When we used meta-analysis with in-
verse variance weighting, the results of these studies were mod-
ified to a normal distribution. Nevertheless, we believe this
effect was minimal and did not affect the overall interpretation
of our results. Finally, our meta-analysis did not evaluate the
rates of empiric appropriate antibiotic use, nor obtain repeat
blood cultures or echocardiograms in patients who received
IDC compared with those who did not due to the limited num-
ber of studies. We also did not evaluate the effect of IDC on
hospital length of stay or other costbenefit analyses. Such sub-
analyses might further elicit a benefit of IDC and would likely
merit further research.

In conclusion, our meta-analysis did not observe a signifi-
cant decrease in mortality in patients with enterococcal bacter-
emia who received IDC. However, the association between IDC
and improved mortality outcomes was more apparent when
analyzing studies adjusting for important confounders. There
also did not appear to be a significant association between
IDC and improved mortality in patients with VRE bacteremia.
IDC confers additional benefits in improving quality of care,
such as shorter time to appropriate antibiotic therapy, appro-
priate duration of antibiotic use, and increased diagnostic use
such as repeat blood cultures or echocardiography, which re-
sults in better source identification, suggesting a role for IDC
even without an apparent mortality benefit. Although this

meta-analysis’s results need to be validated by a well-designed
large-scale study, we believe our study highlights another con-
dition in which IDC should be considered a part of the standard
of care.

Supplementary Data

Supplementary materials are available at Open Forum Infectious
Diseases online. Consisting of data provided by the authors to benefit the
reader, the posted materials are not copyedited and are the sole responsibil-
ity of the authors, so questions or comments should be addressed to the
corresponding author.
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