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Background. Enterococcus species frequently cause health care-associated bacteremia, with high attributable mortality. The
benefit of consultation with infectious disease (ID) specialists has been previously illustrated with Staphylococcus aureus bacteremia.
Whether ID consultation (IDC) improves mortality in enterococcal bacteremia is unknown.

Methods. 'This is a retrospective cohort single-center study from January 1, 2015, to June 30, 2016, that included all pa-
tients >18 years of age admitted with a first episode of Enterococcus bacteremia. Patients were excluded if death or transfer to pallia-
tive care occurred within 2 days of positive blood culture.

Results. Two hundred five patients were included in the study, of whom 64% received IDC. Participants who received IDC
were more likely to undergo repeat cultures to ensure clearance (99% vs 74%; P < .001), echocardiography (79% vs 45%; P < .001),
surgical intervention (20% vs 7%; P = 0.01), and have appropriate antibiotic duration (90% vs 46%; P < .001). Thirty-day mortality
was significantly higher in the no-IDC group (27 % vs 12 %; P < .007). In multivariate analysis, 30-day in-hospital mortality was as-
sociated with both E. faecium bacteremia (adjusted odds ratio [aOR], 2.39; 95% confidence interval [CI], 1.09-5.23) and IDC (aOR,
0.35; 95% CI, 0.16-0.76).

Conclusions. Patients who received IDC for Enterococcus bacteremia had significantly lower 30-day mortality. Further prospec-
tive studies are necessary to determine if these outcomes can be validated in other institutions for patients who receive IDC with

Enterococcus bacteremia.
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Enterococcus spp. are gram-positive bacteria typically present in
low abundance in the normal gut flora, but are known for their
ability to cause serious infections in hospitalized patients [1, 2].
They are frequently a cause of health care-associated blood-
stream infections and are associated with mortality rates as high
as 68%, high rates of antibiotic resistance, increased length of
stay, and associated health care costs [3, 4]. Globally, they ac-
count for up to 10% of all bacteremias and are the second most
common cause of health care-associated infections reported
to the National Healthcare Safety Network [5-7]. Timely ef-
fective antimicrobial therapy, especially within the first 48
hours, has been associated with reduced mortality in patients
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with enterococcal bloodstream infections (EBSIs) even after
adjusting for severity of illness and medical comorbidities [8].
Infectious disease consultation (IDC) has been associated with
improved outcomes in patients with Staphylococcus aureus bacte-
remia, resulting in decreased mortality, lower incidence of treat-
ment failure, and fewer episodes of recurrent bacteremia, without
any effect on length of stay [9-15]. These improved clinical out-
comes have been attributed to better adherence to quality meas-
ures and treatment guidelines with increased use of follow-up
blood cultures, echocardiogram, and other radiographic studies
[10]. In addition to S. aureus bacteremia, IDC has been associ-
ated with improved outcomes in patients with infections from
multidrug-resistant pathogens, Cryptococcus and Candida spe-
cies, and, recently, enterococcal bacteremia in children [16-19].
Currently, there are no professional society or national guide-
lines for the treatment of EBSIs other than bacteremia associated
with endocarditis [20]. The purpose of this study was to determine
the impact of IDC on the clinical outcome of patients with EBSL

METHODS

The institutional review board (IRB) of the University of
Alabama at Birmingham approved this study and waived in-
formed consent (IRB #X160222002).
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Study Design

We conducted a retrospective cohort study of all patients with
EBSI admitted to the University of Alabama at Birmingham
(UAB) Hospital—a 1157-bed tertiary care teaching hospital
located in Birmingham, Alabama—between January 1, 2015,
and June 30, 2016. Patients who had at least 1 positive blood
culture for Enterococcus species were identified through a re-
view of the electronic medical record for inclusion into the
study. Only the first episode of EBSI was included in the anal-
ysis. Patients were excluded if age <18 years or if death or
transfer to palliative care occurred within 2 days of positive
blood culture.

Data collected included baseline patient characteristics and
clinical data, such as repeating blood cultures and echocardio-
gram use, interventions for source control, microbiology data,
appropriate antibiotic treatment, and outcomes. Data were col-
lected from the electronic medical record system and managed
using the REDCap electronic data capture tool hosted at UAB.

Definitions

Enterococcal bloodstream infection (EBSI) was defined as
isolation of Enterococcus spp. in 1 or more blood culture bot-
tles. Microbiologic identification and susceptibility testing
were performed using Clinical and Laboratory Standards
Institute (CLSI) standards. Definitive identification was done
by matrix-assisted laser desorption ionization time-of-flight
mass spectrometry (MALDI-TOF MS), and antimicrobial
susceptibility was performed by the MicroScan system. The
date of onset of EBSI was defined as the date of the first pos-
itive blood culture for Enterococcus sp. Fever, hypotension,
leukocytosis, neutropenia, and acute kidney injury were
documented within 24 hours of cultures being drawn. Fever
was defined as a single recorded internal body tempera-
ture >100.4°F. Hypotension was defined as a single blood
pressure <90/60 mmHg. Leukocytosis was defined as a total
white blood cell count >11 X 10 cells/L, and neutropenia was
defined as an absolute neutrophil count (ANC) of <1000 X
10° cells/L. Acute kidney injury was defined as an increase in
serum creatinine >0.3 mg/dL or >1.5 times the baseline creat-
inine. An episode of bacteremia was considered to be hospital-
acquired if the blood culture was drawn >48 hours after
admission. Recurrence of bacteremia was calculated from the
date of onset of EBSI, and treatment failure was defined as
persistent bacteremia for >5 days. Microbiological and clin-
ical criteria were used by an ID-trained physician (R.A.L.) to
define the source of each case of bacteremia. The source was
deemed unclear/unknown if no other source of infection was
identified or documentation was not clear. Uncomplicated
EBSI was defined as having at least 1 positive blood culture
and being without evidence of infection of deeper tissue struc-
tures, metastatic infection, or endocarditis. Complicated EBSI
was defined as having a positive blood culture with evidence

of deep tissue structure involvement (including but not limited
to osteomyelitis, septic arthritis, complex intra-abdominal in-
fection, or abscess), metastatic infection, or endocarditis.

Appropriate antibiotic therapy was defined as receipt of an
active bioavailable antimicrobial agent based on in vitro mi-
crobiology susceptibility testing. Appropriate duration of anti-
biotic therapy was evaluated using available guidelines or local
standard of care [20-27]. We defined appropriate duration of
therapy as 14 days for uncomplicated bacteremia and at least
28 days for complicated bacteremia. Antibiotic duration was
confirmed in the medication administration records during
the inpatient stay and by the discharge summary if patients
were discharged before completion of therapy. Length of stay
(LOS) was defined as time from admission to discharge; if a
patient died during the index hospitalization, LOS was not
calculated.

Infectious Diseases Specialist Consultation
Infectious diseases consultation (IDC) was readily available and
performed upon request from the primary service/physician.
The expectation was for bedside IDC to take place within 24
hours of request, as documented by completion of the consult
note in the electronic medical record.

Outcome

The primary outcome was defined as in-hospital mortality
within 30 days. Secondary outcomes included length of stay,
treatment failure, recurrence of bacteremia within 60 days, and
readmission within 60 days.

Statistical Methods

Categorical variables were analyzed with the Fisher exact
test, and continuous variables were analyzed with the ¢ test
or Wilcoxon rank-sum test when appropriate. Multivariable
analysis was performed using logistic regression to estimate
odds ratios (ORs) and 95% confidence intervals (CIs) for fac-
tors associated with 30-day in-hospital mortality. Only vari-
ables found to be statistically significant were included in the
model. A P value <.05 was considered significant. Analyses
were done with SAS, version 9.4, statistical software (Cary,
NC, USA).

RESULTS

Study Population

A total of 205 patients met the inclusion criteria during the
study period, of whom 131 (64%) received IDC (Table 1). The
median age was 59 years, with 52% being male. Baseline dem-
ographics and medical comorbidities were similar between the
2 groups, with the exception of diabetes mellitus, which was
more prevalent in the no-IDC group (45% vs 30%; P =.04).
The median Charlson comorbidity index score was 3. E. faecalis
accounted for 65% of cases, and E. faecium accounted for
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Table 1. Baseline Demographics of 205 Episodes of Enterococcal Bacteremia

All Patients No IDC IDC

Variable (n =205) (n=74) (n=131) P Value
Age, median (IQR), y 59 (23) 59 (15) 59 (27) .54
Male, No. (%) 107 (52) 36 (49) 71 (54) 44
White, No. (%) 112 (65) 44 (60) 68 (52) .23
IVDU, No. (%) 10 (5) (1) 9(7) .10
COPD, No. (%) 40 (20) 11 (15) 29 (22) 21
CAD, No. (%) 40 (20) 14 (19) 26 (20) .87
CHF, No. (%) 54 (26) 17 (23) 37 (28) 41
Connective tissue disease, No. (%) 8 (4) 3(4) 5 (4) 1.00
Diabetes, No. (%) 73 (36) 33 (45) 40 (30) .04
Hypertension, No. (%) 118 (58) 42 (57) 76 (58) .86
CKD, No. (%) 58 (28) 24 (32) 34 (26) .32
Hemodialysis, No. (%) 26 (13) 8 (11) 18 (14) .54
PVD, No. (%) 13 (6) 7 (10) 6 (5) A7
Malignancy, No. (%) 47 (23) 20 (27) 27 (20) .29
Cirrhosis, No. (%) 19 (9) 6 (8) 13 (10) .67
Hepatitis, No. (%) 15 (7) 5(7) 10 (8) 1.00
HIV, No. (%) 4(2) 1(1) 3(2) 1.00
Immunocompromised, No. (%) 52 (25) 16 (22) 36 (27) .35

* Hematologic malignancy 16 (8) 6 (8) 10 (8) .83

e Solid organ transplantation 24 (12) 7 (10) 17 (13)

® Immunosuppressive agents 11 (5) 3 (4) 8 (6)

e CD4 <200 1(0.5) 01(0) 1(1)
Charlson comorbidity index, median (IQR) 3(4) 2 (4) 3(3) .84
Hospitalization <30 d before bacteremia 107 (53) 37 (50) 70 (53) .64
Invasive procedure 30 d before bacteremia 62 (30) 23 (31) 39 (30) .84
Bacteremia diagnosed >48 h after admission 172 (84) 57 (77) 115 (88) .04
Admitting service

e ICU 58 (28) 21(28) 37 (28) 24

¢ Medical 97 (48) 30 (41) 67 (51)

e Surgical 29 (14) 15 (20) 14 (11)

e Transplant/IC 21 (10) 8 (11) 13 (10)
ICU placement within 72 h 109 (53) 40 (54) 69 (563) .85
Symptoms within 24 h of bacteremia

® Fever 105 (51) 42 (57) 63 (48) 23

* Hypotension 76 (37) 28 (38) 48 (37) .86

o | eukocytosis 116 (57) 47 (64) 69 (53) 13

¢ Neutropenia 12 (6) 2 (3) 10 (8) 22

o AKI 67 (32) 30 (40) 37 (28) .07
Mechanical ventilation 44 (22) 17 (23) 27 (21) .69
Enterococcus species

e Enterococcus faecalis 133 (65) 49 (66) 84 (64) .88

e Enterococcus faecium 68 (33) 24 (33) 44 (34)

e Other 4(2) 1(1) 3(2)
Vancomycin-resistant Enterococcus 67 (33) 24 (32) 43 (33) .95
Time from admission to bacteremia, median (IQR), d 5 (19) 5 (16) 6 (19) .05

Abbreviations: AKI, acute kidney injury; CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; IC, immu-

nocompromised; ICU, intensive care unit; IDC, infectious diseases consultation; IQR, interquartile range; IVDU, intravenous drug user; PVD, peripheral vascular disease.

33% of bacteremia, with similar rates of vancomycin-resistant
Enterococcus (VRE) in both groups. A total of 172 episodes
(84%) were identified >48 hours after admission, which was
significantly different in the 2 groups (77% in no IDC vs 88%
in IDC; P = .04). The mean time to IDC after bacteremia (SD)
was 3.73 (3.18) days.

Clinical Features

Patients who received IDC were more likely to have repeat
blood cultures drawn (99% vs 74%; P < .001) and were more
likely to have an echocardiogram performed (79% vs 45%;
P <.001) (Table 2). Patients who received IDC were more likely
to be diagnosed with endocarditis as the primary source of
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Table 2. Clinical Features and Outcomes in Enterococcus Bacteremia

All Patients No IDC IDC
(n = 205) (n =74) (n=131) PValue

Repeat cultures 185 (90) 55 (74) 130 (99) <.001
Echocardiogram performed 136 (66) 33 (45) 103 (79) <.001
Unknown primary source 65 (32) 40 (54) 25 (19) <.001
Primary source (among known)

e Intravascular catheter 43 (21) 7 (10) 36 (28) .016

e Skin/soft tissue 7 () 4(5) 3(2)

e Gl 29 (14) 8 (10) 21 (16)

e Bone and joint 6 (3) 0(0) 6 (5)

e Endocarditis 17 (8) 0(0) 17 (13)

e Urinary tract 21 (10) 9(12) 12 (9)

e Other 14 (7) 6 (8) 8 (6)
Removal of catheter 34 (16) 6 (75) 28 (70) 1.00
Time to definitive antibiotics, median (IQR), d 0(2) 0(1) 1(2) .30
Inappropriate antibiotic duration 53 (26) 40 (54) 13 (10) <.001
Inappropriate or no antibiotics 14 (7) 14 (19) 0(0) <.001
Treatment failure 15 (7) 8 (11) 7 (5) 2
Surgical intervention 31 (15) 5(7) 26 (20) .01
Recurrent bacteremia within 60 d 10 (5) 5(7) 5 (4) .50
Readmission within 60 d 67 (41) 24 (42) 43 (40) .81
30-d mortality 36 (18) 20 (27) 16 (12) .007
90-d mortality 56 (27) 25 (34) 31 (24) 12
LOS, median (IQR), d 14.5 (32) 11(27) 18 (35) .09
Postbacteremia LOS, median (IQR), d 10.5 (16) 10.5 (15) 10.5 (22) .004

Abbreviations: Gl, gastrointestinal; IDC, infectious diseases consultation; IQR, interquartile range; LOS, length of stay.

infection (13% vs 0%; P < .001) as well as documented intra-
vascular catheter infection (28% vs 10%; P < .001), although the
rates of catheter removal were similar in both groups (75% vs
70%; P = 1.00). Interventions for source control including drain
placement and surgical interventions were more frequently per-
formed in the IDC group (20% vs 7%; P = .01). Definitive anti-
biotics were prescribed within 48 hours in 77% of patients, with
no differences in IDC vs no IDC (79% vs 74%; P = .48). Patients
who did not receive IDC were more likely to have received inap-
propriate or no antibiotic treatment at all (19% vs 0%; P < .001)
and inappropriate duration of therapy based on the source of
bacteremia (54% vs 10%; P < .001).

All-cause 30-day mortality was lower in patients who received
IDC (12% vs 27%; P = .007), although this did not hold true at
90 days (34% vs 24%; P = .12). Patients with VRE BSI were 2.8
times more likely to die at 30 days compared with vancomycin-
sensitive Enterococcus (28% vs 17%; odds ratio [OR], 2.82; 95%
confidence interval [CI], 1.35-5.87; P = .005). Upon evaluating
secondary outcomes, the IDC cohort was noted to have a longer
LOS, but LOS was not statistically significant (median, 18 days
vs 11 days; P =.09). There were no differences in the rate of
treatment failure, recurrent bacteremia, or readmission within
60 days.

On multivariate analysis, IDC was associated with a 13-fold
increased likelihood of repeat blood cultures (adjusted odds

ratio [aOR], 12.83; 95% CI, 1.52-108.03), 2.5-fold increased
likelihood of echocardiogram (aOR, 2.45; 95% CI, 1.13-5.31),
6.6-fold increased likelihood of treatment with an appro-
priate antibiotic duration (aOR, 6.65; 95% CI, 2.90-15.27),
and 60% decreased likelihood of having an unknown source
(aOR, 0.31; 95% ClI, 0.14-0.70). Thirty-day in-hospital mor-
tality was found to be associated with E. faecium bacteremia
(aOR, 2.39; 95% CI, 1.09-5.23), and IDC was associated
with decreased odds of death (aOR, 0.35; 95% CI, 0.16-0.76)
(Table 3).

DISCUSSION

In our retrospective single-center cohort study, infectious dis-
eases consultation was associated with a 65% reduction of
30-day in-hospital mortality. This finding is similar to the re-
sults of other well-established studies that have identified im-
provement in mortality and adherence to guidelines when ID
specialists are consulted for S. aureus bacteremia, as well as re-
cent evidence showing improvement in mortality in other in-
fections such as candidemia and cryptococcosis [10, 12-15, 17,
19, 28-30]. In enterococcal BSI, IDC has been shown to im-
prove mortality in both pediatric and adult populations, but this
is the first study that we are aware of that focuses specifically on
IDC as a primary outcome of interest in an adult population [8,
18, 31].
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Table 3. Multivariable Logistic Regression Model of Variables Associated With 30-Day Mortality

Crude Odds Ratio

Adjusted Odds Ratio

Variable (95% Confidence Interval) (95% Confidence Interval) PValue
Infectious diseases consultation 0.38 (0.181-0.782) 0.35 (0.16-0.76) .007
Hypotension 2.20 (1.06-4.55) 1.85 (0.83-4.12) 13
Ventilation at time of bacteremia 2.95 (1.36-6.42) 2.20 (0.93-5.23) .07
Enterococcus species

Enterococcus faecium 2.38 (1.14-4.95) 2.39 (1.09-5.23) .03
Other Enterococcus species 1.58 (0.16-15.65) 2.18 (0.18-26.04) .55
Enterococcus faecalis Referent Referent

EBSI has been associated with high attributable mortality,
ranging from 13% to 68%, and treating EBSI has become in-
creasingly difficult due to rising prevalence of vancomycin re-
sistance and emergence of multidrug-resistant enterococci [4,
8, 32, 33]. Receipt of early effective therapy within 48 hours
has been associated with reduced mortality in hospital-onset
EBSI; however, our cohort did not show a difference in 30-day
mortality with receipt of appropriate empiric therapy within 48
hours. This may be due to 2 reasons: First, our cohort includes
both hospital-onset and community-acquired bacteremias and
thus may reflect differences in patient populations. Second, we
noted that nearly 80% of patients received appropriate empiric
therapy within 48 hours, likely due the inclusion of E. faecalis,
which is less likely to be vancomycin resistant based on our
institution’s antibiogram. Although appropriate empiric therapy
was not different between the 2 groups, 99% of patients in the
IDC had blood cultures to prove clearance of EBSI, which may
contribute to lower 30-day mortality; Jindai et al. noted simi-
larly that patients who received IDC had more cultures taken,
and thus assessment of elimination of bacteremia was more ac-
curate in these cases [31]. Finally, although we observed differ-
ences in 30-day in-hospital mortality, there was no difference in
90-day mortality. This may be reflective of other unmeasured
variables in the outpatient setting, including lack of a formal
OPAT program at the time of the study, recurrent bacteremia,
and other patient-specific factors.

Only 33% of isolates included in our study were vancomycin
resistant, with similar prevalence of vancomycin-resistant
Enterococcus (VRE) occurring in both groups. A previously
published systematic review compared VRE with vancomycin-
sensitive Enterococcus (VSE) bacteremia, noting a nearly 2-fold
increased risk of mortality, despite more anti-VRE antimicro-
bial agents on the market such as daptomycin and linezolid [2].
Similar to this meta-analysis, E. faecium (known for its high rate
of vancomycin resistance) in our study was associated with a
2.4-fold higher likelihood of death at 30 days. In addition to
increased risk of mortality, LOS is longer in VRE when com-
pared with VSE bacteremia [2]. The median LOS in our whole
cohort was notably long at 14.5 days and was slightly longer in
the IDC group, but there was no difference in LOS in VRE vs

VSE bacteremia (median LOS, 20 days vs 13 days; P =.105).
Our median LOS is similar to older studies that found the mean
duration of hospital stay to be nearly 40 days [3]. Interestingly,
LOS after bacteremia was significantly different in the IDC co-
hort. This may be due to the fact that although the Charlson
comorbidity index scores were similar, there were more patients
with bacteremia diagnosed after 48 hours in the IDC group; and
thus may reflect a chronically ill population. Additionally, more
surgical interventions were performed on patients in the IDC
group, which may have increased the LOS postbacteremia.

Higher identification of the source of bacteremia in the IDC
group likely reflects both proper documentation of a source
within the electronic medical record in order to guide treat-
ment duration and a potential increase in surgical interven-
tions for source control (20% vs 7%; P < .001). IDC occurred
more frequently for patients in whom either intravascular cath-
eter or infective endocarditis (IE) was identified as the source.
The proportion of infective endocarditis ranges from 5.7% to
13.3%, which is similar to our cohort of 8% [5]. ID consulta-
tion occurred before the diagnosis of IE in 41% of our cohort.
Echocardiography is essential in the diagnosis of IE, but in
Enterococcus bacteremia, there are no set guidelines similar to
S. aureus bacteremia. Both transthoracic and transesophageal
echocardiography are typically used to identify IE, with TEE
typically being reserved for higher-risk patients [20]. A bedside
predictive score (NOVA score) has been developed to predict
which patients with E. faecalis BSI will develop infective endo-
carditis and includes the number (N) of positive blood cultures,
unknown origin (O) of bacteremia, prior valve disease (V), and
auscultation of a heart murmur (A) [34]. External validation
of the score identified that several risk factors associated with
IE, including monomicrobial bacteremia, community acquisi-
tion, prosthetic heart valve, and male sex, were associated with
IE [35]. We did not obtain NOVA scores in this cohort given
the retrospective nature of this study; we could not confirm if
all aspects of the score were assessed. Use of the NOVA score
would be helpful in future studies to assess appropriate utiliza-
tion of transesophageal echocardiography in EBSI.

This study has several limitations. This is a single-center ret-
rospective study, and the findings may not be generalizable to
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other institutions. Although every effort was made to collect
all variables for each patient, the source of the bacteremia that
remained “unknown” or “unclear” is higher than in other pub-
lished studies, as the source could not be ascertained from a re-
view of the medical records. In our regression model for 30-day
mortality, there was noted multicollinearity with both repeat
blood cultures and inappropriate duration, likely due to the
fact that both are associated with IDC and thus were removed
from the model. Additionally, repeat blood cultures may have
occurred more often in the IDC group if patients in the no-IDC
group died before repeat draw of cultures. Finally, the optimal
treatment of EBSI and treatment courses recommended in the
published guidelines may not necessarily apply to all cases. In
this study, however, we chose specified cutoffs based on guide-
lines to determine appropriate duration of therapy for bacte-
remia, which was reviewed by 1 unblinded ID physician (RAL);
thus, review by a second ID physician may differ in these
choices.

CONCLUSIONS

In conclusion, in our retrospective cohort study, we observed
a significant decrease in 30-day in-hospital mortality in pa-
tients with EBSI who received IDC. This observation may be
attributed to better workup (including blood cultures and ech-
ocardiography), more surgical interventions, and an increase in
appropriate durations of therapy determined by primary source
of infection. Based on our findings, we have implemented au-
tomatic consultation for Enterococcus bacteremia at our institu-
tion. Further multisite studies are necessary to assess outcomes
in this patient population and validate these findings.

Acknowledgments

Financial support. None.

Potential conflicts of interest. Dr. Lee reports personal fees from Prime
Education, Inc, outside the submitted work. Dr. Rodriguez reports grants
from Finch therapeutics, grants from Syneos Health, and grants from Seres
Therapeutics outside the submitted work. All authors have submitted the
ICMJE Form for Disclosure of Potential Conflicts of Interest. Conflicts that
the editors consider relevant to the content of the manuscript have been
disclosed.

References

1. Camins BC, Farley MM, Jernigan JJ, et al. A population-based investigation of
invasive vancomycin-resistant Enterococcus infection in metropolitan Atlanta,
Georgia, and predictors of mortality. Infect Control Hosp Epidemiol 2007;
28:983-91.

2. Prematunge C, MacDougall C, Johnstone J, et al. VRE and VSE bacteremia out-
comes in the era of effective VRE therapy: a systematic review and meta-analysis.
Infect Control Hosp Epidemiol 2016; 37:26-35.

3. Caballero-Granado FJ, Becerril B, Cuberos L, et al. Attributable mortality rate and
duration of hospital stay associated with enterococcal bacteremia. Clin Infect Dis
2001; 32:587-94.

4. Miller WR, Murray BE, Rice LB, Arias CA. Vancomycin-resistant enterococci:
therapeutic challenges in the 21% century. Infect Dis Clin North Am 2016;
30:415-39.

5. Pinholt M, Ostergaard C, Arpi M, et al. Incidence, clinical characteristics
and 30-day mortality of enterococcal bacteraemia in Denmark 2006-2009: a
population-based cohort study. Clin Microbiol Infect 2014; 20:145-51.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Deshpande LM, Fritsche TR, Moet GJ, et al. Antimicrobial resistance and molec-

ular epidemiology of vancomycin-resistant enterococci from North America and
Europe: a report from the SENTRY antimicrobial surveillance program. Diagn
Microbiol Infect Dis 2007; 58:163-70.

. Weiner LM, Webb AK, Limbago B, et al. Antimicrobial-resistant pathogens as-

sociated with healthcare-associated infections: summary of data reported to
the National Healthcare Safety Network at the Centers for Disease Control and
Prevention, 2011-2014. Infect Control Hosp Epidemiol 2016; 37:1288-301.

. Zasowski EJ, Claeys KC, Lagnf AM, et al. Time is of the essence: the impact of

delayed antibiotic therapy on patient outcomes in hospital-onset enterococcal
bloodstream infections. Clin Infect Dis 2016; 62:1242-50.

. Honda H, Krauss MJ, Jones JC, et al. The value of infectious diseases consultation

in Staphylococcus aureus bacteremia. Am ] Med 2010; 123:631-7.

Jenkins TC, Price CS, Sabel AL, et al. Impact of routine infectious diseases service
consultation on the evaluation, management, and outcomes of Staphylococcus au-
reus bacteremia. Clin Infect Dis 2008; 46:1000-8.

Lahey T, Shah R, Gittzus ], et al. Infectious diseases consultation lowers mortality
from Staphylococcus aureus bacteremia. Medicine (Baltimore) 2009; 88:263-7.
Saunderson RB, Gouliouris T, Nickerson EK, et al. Impact of routine bedside infec-
tious disease consultation on clinical management and outcome of Staphylococcus
aureus bacteraemia in adults. Clin Microbiol Infect 2015; 21:779-85.

Vogel M, Schmitz RP, Hagel S, et al. Infectious disease consultation for
Staphylococcus aureus bacteremia - a systematic review and meta-analysis. ] Infect
2016; 72:19-28.

Tissot F, Calandra T, Prod’hom G, et al. Mandatory infectious diseases consul-
tation for MRSA bacteremia is associated with reduced mortality. J Infect 2014;
69:226-34.

Goto M, Schweizer ML, Vaughan-Sarrazin MS, et al. Association of evi-
dence-based care processes with mortality in Staphylococcus aureus bacteremia at
Veterans Health Administration hospitals, 2003-2014. JAMA Intern Med 2017;
177:1489-97.

Burnham JP, Olsen MA, Stwalley D, Kwon JH, Babcock HM, Kollef MH.
Infectious diseases consultation reduces 30-day and 1-year all-cause mortality
for multidrug-resistant organism infections. Open Forum Infect Dis 2018;
5(X):XXX-XX.

Spec A, Olsen MA, Raval K, Powderly WG. Impact of infectious diseases consul-
tation on mortality of cryptococcal infection in patients without HIV. Clin Infect
Dis 2017; 64:558-64.

Furuichi M, Furuichi M, Horikoshi Y, Miyairi I. Infectious diseases consulta-
tion improves treatment and decreases mortality by enterococcal bacteremia in
children. Pediatr Infect Dis ] 2018; 37:856-60.

Lee RA, Zurko ], Camins BC, et al. Impact of infectious disease consultation on
clinical management and mortality in patients with candidemia. Clin Infect Dis
2019; 68(9):1585-7.

Baddour LM, Wilson WR, Bayer AS, et al; American Heart Association
Committee on Rheumatic Fever, Endocarditis, and Kawasaki Disease of the
Council on Cardiovascular Disease in the Young, Council on Clinical Cardiology,
Council on Cardiovascular Surgery and Anesthesia, and Stroke Council. Infective
endocarditis in adults: diagnosis, antimicrobial therapy, and management of com-
plications: a scientific statement for healthcare professionals from the American
Heart Association. Circulation 2015; 132:1435-86.

Kalil AC, Metersky ML, Klompas M, et al. Management of adults with hospital-
acquired and ventilator-associated pneumonia: 2016 clinical practice guidelines
by the Infectious Diseases Society of America and the American Thoracic Society.
Clin Infect Dis 2016; 63:e61-e111.

Tunkel AR, Hasbun R, Bhimraj A, et al. 2017 Infectious Diseases Society of
Americas clinical practice guidelines for healthcare-associated ventriculitis and
meningitis. Clin Infect Dis 2017; 64(6):e34-65.

Berbari EF, Kanj SS, Kowalski TJ, et al. 2015 Infectious Diseases Society of
America (IDSA) clinical practice guidelines for the diagnosis and treatment of
native vertebral osteomyelitis in adults. Clin Infect Dis 2015; 61:e26-46.

Stevens DL, Bisno AL, Chambers HE, et al; Infectious Diseases Society of America.
Practice guidelines for the diagnosis and management of skin and soft tissue in-
fections: 2014 update by the Infectious Diseases Society of America. Clin Infect
Dis 2014; 59:e10-52.

Osmon DR, Berbari EF, Berendt AR, et al; Infectious Diseases Society of America.
Diagnosis and management of prosthetic joint infection: clinical practice guide-
lines by the Infectious Diseases Society of America. Clin Infect Dis 2013;
56:e1-e25.

Gupta K, Hooton TM, Naber KG, et al. International clinical practice guide-
lines for the treatment of acute uncomplicated cystitis and pyelonephritis in
women: a 2010 update by the Infectious Diseases Society of America and the
European Society for Microbiology and Infectious Diseases. Clin Infect Dis 2011;
52:e103-20.

6 o OFID « Leeetal



27.

28.

29.

30.

Solomkin JS, Mazuski JE, Bradley JS, et al. Diagnosis and management of compli-
cated intra-abdominal infection in adults and children: guidelines by the Surgical
Infection Society and the Infectious Diseases Society of America. Surg Infect
(Larchmt) 2010; 11:79-109.

Bai AD, Showler A, Burry L, et al. Impact of infectious disease consultation
on quality of care, mortality, and length of stay in Staphylococcus aureus bac-
teremia: results from a large multicenter cohort study. Clin Infect Dis 2015;
60:1451-61.

Forsblom E, Ruotsalainen E, Ollgren J, Jarvinen A. Telephone consultation
cannot replace bedside infectious disease consultation in the management of
Staphylococcus aureus bacteremia. Clin Infect Dis 2013; 56:527-35.

Thampi N, Showler A, Burry L, et al. Multicenter study of health care cost of
patients admitted to hospital with Staphylococcus aureus bacteremia: impact of
length of stay and intensity of care. Am J Infect Control 2015; 43:739-44.

31.

32.

33.

34.

35.

Jindai K, Strerath MS, Hess T, Safdar N. Is a single positive blood culture for
Enterococcus species representative of infection or contamination? Eur J Clin
Microbiol Infect Dis 2014; 33:1995-2003.

Caballero-Granado FJ, Becerril B, Cisneros JM, et al. Case-control study of risk
factors for the development of enterococcal bacteremia. Eur J Clin Microbiol
Infect Dis 2001; 20:83-90.

Arias CA, Murray BE. The rise of the Enterococcus: beyond vancomycin resist-
ance. Nat Rev Microbiol 2012; 10:266-78.

Bouza E, Kestler M, Beca T, et al; Grupo de Apoyo al Manejo de la Endocarditis.
The NOVA score: a proposal to reduce the need for transesophageal echocardiog-
raphy in patients with enterococcal bacteremia. Clin Infect Dis 2015; 60:528-35.

Dahl A, Lauridsen TK, Arpi M, et al. Risk factors of endocarditis in patients with
Enterococcus faecalis bacteremia: external validation of the NOVA Score. Clin
Infect Dis 2016; 63:771-5.

ID Specialists Lower Mortality in Enterococcus « OFID « 7



