Clinical Infectious Diseases

MAJOR ARTICLE

)SA

Infectious Diseases Society of America hiv medicine association

Influence of Minimum Inhibitory Concentration in Clinical
Outcomes of Enterococcus faecium Bacteremia Treated With
Daptomycin: Is it Time to Change the Breakpoint?

Bhavarth S. Shukla,"? Samuel Shelburne,>* Katherine Reyes,’ Mini Kamboj,® Jessica D. Lewis,’ Sandra L. Rincon,” Jinnethe Reyes,’ Lina P. Carvajal,’
Diana Panesso,"” Costi D. Sifri,° Marcus J. Zervos,*® Eric G. Pamer,’ Truc T. Tran,' Javier Adachi,? Jose M. Munita,"® Rodrigo Hasbun,' and Cesar A. Arias"’

"University of Texas Medical School at Houston, 2Department of Infectious Diseases, and *Genomic Medicine, M.D. Anderson Cancer Center, Houston, Texas; “Department of Internal Medicine,
Division of Infectious Diseases, Henry Ford Hospital, Detroit, Michigan; ®Memorial Sloan Kettering Cancer Center, New York, New York; ®Division of Infectious Diseases and International Health,
Department of Medicine, University of Virginia Health System, Charlottesville; "Molecular Genetics and Antimicrobial Resistance Unit, Universidad EI Bosque, Bogota, Colombia; ®Wayne State
University School of Medicine, Detroit, Michigan; and *Clinica Alemana, Universidad del Desarrollo, Santiago, Chile

Background. Daptomycin has become a front-line antibiotic for multidrug-resistant Enterococcus faecium bloodstream infec-
tions (BSIs). We previously showed that E. faecium strains with daptomycin minimum inhibitory concentrations (MICs) in the high-
er end of susceptibility frequently harbor mutations associated with daptomycin resistance. We postulate that patients with E.
faecium BSIs exhibiting daptomycin MICs of 3-4 ug/mL treated with daptomycin are more likely to have worse clinical outcomes
than those exhibiting daptomycin MICs <2 pg/mL.

Methods. We conducted a multicenter retrospective cohort study that included adult patients with E. faecium BSI for whom
initial isolates, follow-up blood culture data, and daptomycin administration data were available. A central laboratory performed
standardized daptomycin MIC testing for all isolates. The primary outcome was microbiologic failure, defined as clearance of bac-
teremia >4 days after the index blood culture. The secondary outcome was all-cause in-hospital mortality.

Results. A total of 62 patients were included. Thirty-one patients were infected with isolates that exhibited daptomycin MICs of
3-4 ug/mL. Overall, 34 patients had microbiologic failure and 25 died during hospitalization. In a multivariate logistic regression
model, daptomycin MICs of 3-4 ug/mL (odds ratio [OR], 4.7 [1.37-16.12]; P=.014) and immunosuppression (OR, 5.32 [1.20-
23.54]; P =.028) were significantly associated with microbiologic failure. Initial daptomycin dose of >8 mg/kg was not significantly

associated with evaluated outcomes.
Conclusions.

Daptomycin MICs of 3-4 pug/mL in the initial E. faecium blood isolate predicted microbiological failure of dapto-

mycin therapy, suggesting that modification in the daptomycin breakpoint for enterococci should be considered.
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Enterococci are gram-positive cocci that are normal commen-
sals of the gastrointestinal tract of humans and animals. These
organisms are best known for their ability to cause recalcitrant
and difficult-to-manage infections in the hospital environment
and are among the top 5 leading bacterial causes of healthcare-
associated infections in the United States [1, 2]. Although more
than 10 enterococcal species are known to cause human disease,
the 2 most common species isolated from clinical samples are
Enterococcus faecalis and Enterococcus faecium [1].

The treatment of severe enterococcal infections is complicat-
ed by resistance to multiple antimicrobials [3]. Optimal cure
rates in serious enterococcal infections have generally been
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achieved only by combining a B-lactam or a glycopeptide with
an aminoglycoside. However, particularly in the United States,
glycopeptides and B-lactams have become almost obsolete for
the treatment of E. faecium infections [4-6]. Moreover, an in-
crease in the frequency of isolation and spread of vancomy-
cin-resistant enterococci (VRE) in hospitals around the world
has been correlated with the emergence and dissemination of
a specific E. faecium genetic clade worldwide that harbors mul-
tiple antibiotic-resistance determinants [7]. Additionally, sever-
al studies have now shown that the presence of vancomycin
resistance in enterococci is strongly associated with worse clin-
ical outcomes, including significantly higher mortality [8], lon-
ger length of stay, and higher direct medical costs [9] when
compared with sensitive strains.

As a result, clinicians are often left with few options to treat
recalcitrant VRE infections. Quinupristin/dalfopristin (Q/D)
and linezolid are among the US Food and Drug Administration
(FDA)-approved compounds for the treatment of VRE. How-
ever, Q/D lost this approval in 2010 [10] because clinical benefit
could not be verified. Linezolid is bacteriostatic, and its efficacy
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for severe VRE infections has been recently questioned in a
large retrospective cohort study within the Veterans Affairs sys-
tem, which showed higher failure rates with linezolid [11]. This
issue along with concerns over the safety profile and low serum
concentrations limit the prolonged use of linezolid.

Daptomycin is a lipopeptide antibiotic with potent in vitro
bactericidal activity against VRE. It has become a key first-line
antibiotic for severe enterococcal infections despite lacking
FDA approval for this indication. Daptomycin-mediated bacte-
rial killing is concentration-dependent, and a therapeutic strat-
egy suggested for the treatment of deep-seated enterococcal
infections is the use of doses that are higher than those approved
for Staphylococcus aureus infections. Indeed, according to the
Clinical and Laboratory Standards Institute (CLSI), the current
daptomycin breakpoint for enterococci (4 pug/mL) is 4-fold
higher than that for staphylococci (1 pg/mL). However, a draw-
back for the successful use of daptomycin for recalcitrant entero-
coccal infections is the emergence of daptomycin resistance.
Daptomycin resistance appears to emerge during therapy [12,
13] but has also been described as a de novo phenomenon in iso-
lates that have never been exposed to the antibiotic [14].

We and others have provided compelling data that the in
vitro daptomycin bactericidal activity is compromised in iso-
lates with a daptomycin minimum inhibitory concentration
(MIC) that is close to the breakpoint (3-4 ug/mL) [15, 16]. In-
deed, such E. faecium isolates often harbor mutations associated
with daptomycin resistance. Moreover, we recently reported a
case [17] of a patient with persistent E. faecium bacteremia
for 3 months whose initial isolate exhibited a daptomycin
MIC of 3 ug/mL and harbored mutations in genes often associ-
ated with daptomycin resistance (liaFSR, encoding a bacterial
3-component regulatory system that is predicted to orchestrate
the bacterial cell membrane response to stress).

Here, we sought to examine the clinical outcomes for patients
with enterococcal bacteremia and infected with daptomycin-
“susceptible” E. faecium isolates with MICs of 3-4 ug/mL com-
pared with isolates with MICs of <2 ug/mL and treated with
daptomycin as the initial regimen. We postulated that E. faeci-
um isolates that exhibit MICs to daptomycin of 3-4 ug/mL (ie,
“susceptible” by CLSI breakpoints) and that are treated with
daptomycin may have significantly worse clinical outcomes
compared with isolates with lower MICs.

MATERIAL AND METHODS

Study Design and Clinical Investigation

We conducted a multicenter retrospective cohort study from
February 2010 through February 2015. The primary criteria
for inclusion were nonpregnant adult patients aged >18 years,
blood culture positive for E. faecium with availability of the
first clinical isolate for laboratory study, treatment with dapto-
mycin for at least 72 hours, and collection of at least 1 follow-up
blood culture within 7 days of identification of initial bacterial

isolate from blood (an absolute requirement to define microbi-
ologic cure). Patients who had E. faecium isolates with dapto-
mycin MIC > 4 pg/mL and patients who received daptomycin
after a negative follow-up culture were excluded (ie, patients
who started daptomycin after the first negative follow-up
blood culture was drawn). Four geographically separated insti-
tutions participated in this study and included Henry Ford Hos-
pital in Detroit, Michigan; MD Anderson Cancer Center in
Houston, Texas; University of Virginia Health System in Char-
lottesville; and Memorial Sloan Kettering Cancer Center in
New York City. The respective institutional review boards of
each participating institution approved this study.

Clinical information that prior studies have used to define pa-
tient condition at the time of diagnosis [18,19] in 5 areas was col-
lected and included the following: demographics such as age, sex,
and day of hospitalization; immunity and major organ function
(cardiac, hepatic, and renal function), including use of immuno-
suppressive therapies (mycophenolate, tacrolimus, biologics, and
other nonsteroidal immunosuppressants) and chemotherapeutic
medications (given within 2 weeks prior to index culture) and/or
neutropenia (absolute neutrophil count <1000 cells/pL) within 2
weeks of index culture; baseline comorbid illnesses as outlined by
the Charlson comorbidity index [20]; concurrent antibiotic ther-
apies and those given within 2 weeks of blood culture targeting
enterococci such as B-lactams, aminoglycosides, linezolid, quinu-
pristin/dalfopristin, tigecycline, vancomycin, and daptomycin;
and identification of sources of infection including abscesses,
central lines, and endocarditis.

We defined the following 3 major outcomes of interest for
which data were collected: microbiologic failure, in-hospital
all-cause mortality, and disease relapse. Microbiologic failure
was defined as clearance occurring 4 or more days after index
blood culture that included at least 72 hours of daptomycin
therapy or if the patient expired with persistently positive cul-
tures. The cutoff value of 4 days was chosen since the mean and
median times to clearance were both around 4 days. In-hospital
all-cause mortality referred to death occurring from any cause
during admission. This definition was preferred to 30-day mor-
tality in order to minimize confounding from follow-up as not
all centers consistently documented out-of-hospital mortality.
Finally, relapse was defined as positive cultures within 30 days
of index culture occurring after documented clearance.

Laboratory Investigations

Microbiologic data provided by the clinical laboratories were
collected, including the antibiotic sensitivities reported from
the initial and subsequent blood cultures (when available). Ini-
tial bacterial isolates recovered from all patients were sent for
further analysis to the University of Texas Medical School,
Houston. For each index bloodstream isolate, polymerase
chain reaction (PCR) to confirm E. faecium species was per-
formed [21]. Etest (bioMérieux, Marcy 1'Etoile, France) was
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performed on Mueller-Hinton agar following the manufactur-
er’s instructions. Two independent and experienced investiga-
tors interpreted MICs; a third investigator was consulted
when a disagreement occurred. Broth microdilution was com-
pleted using Mueller Hinton II broth (Becton, Dickinson,
Franklin Lakes, New Jersey) supplemented with calcium (50
pg/mL) [22, 23]. Pulsed-field gel electrophoresis (PFGE) was
carried out to assess for a genetic relationship between isolates,
as described [24]. All laboratory investigators who participated
in conducting E-test, PCR, and PFGE analysis were blinded to
the clinical patient data associated with each isolate.

Statistical Analyses

Comparisons of the 5 areas defining the patient’s baseline severity
of illness were assessed using the y” test for categorical variables
and analysis of variance for continuous variables with significance
attributable at P <.05. Univariate analysis was performed to assess
the relationship between MIC of the index isolate and/or clinical
characteristics defining baseline severity of illness with the out-
comes of interest (microbiological clearance, in-hospital mor
tality, and relapse). Subsequently, variables with P <.05 were se-
lected for multivariate analysis via a logistic regression model with
the outcomes of clearance and death. The goodness-of-fit of the
final model was examined using the Hosmer-Lemeshow test.
Bootstrap analysis was done to internally validate the logistic re-
gression models. All statistical analyses were completed using
SPSS for Mac version 21 (SPSS, Chicago, Illinois).

RESULTS

A total of 200 patients with E. faecium bloodstream infections
(BSIs) were identified from the 4 participating centers, and 62 pa-
tients met the inclusion criteria. Depending on the site, the ma-
jority of patients were excluded because they were treated for
fewer than 72 hours with daptomycin or with another therapy,
clearance occurred prior to receipt of daptomycin, or there was
a lack of follow-up culture (Figure 1). PFGE indicated that E. fae-
cium isolates were not genetically related [25] (data not shown).
Daptomycin MICs by Etest were equally distributed, with 31 pa-
tients exhibiting a daptomycin MICs of <2 ug/mL and 31 with
MICs of 3-4 pg/mL. All daptomycin MICs by broth microdilu-
tion method were <2 ug/mL (Supplementary Table 1).

The cohort of patients with E. faecium isolates with daptomy-
cin MICs of 3-4 ug/mL were well matched to the cohort with
MICs of <2 ug/mL in relation to all clinical data evaluated
(Table 1). We found no statistically significant difference be-
tween the clinical characteristics of both cohorts when stratified
by daptomycin MIC. Nonetheless, we observed several interest-
ing trends that are important to highlight. There were more pa-
tients on hemodialysis in the group with daptomycin MICs 3-4
pg/mL vs <2 ug/mL (13 vs 7 patients; P =.10). The higher MIC
group was more likely to have a catheter identified as a possible
source of infection (18 vs 13 patients; P =.20) compared with

E. faecium BSI case, first
episode, with isolate available
for further study

n =200

i . . N
Daptomycin administered for

<72 hours or other antibiotic
therapy used
n=68

r
No follow-up blood cultures
collected after index isolate

n=7
b J

-

Daptomycin therapy initiatedw

after follow-up negative
blood culture

9 n=63 J

A

E. faecium BS| cases meeting
all inclusion criteria

n=62

Figure 1. Methodology for application of exclusion criteria. Abbreviations: BSI,
bloodstream infection; E. faecium, Enterococcus faecium.

the group with daptomycin MICs < 2 pg/mL where an intraab-
dominal source of infection was more common (12 vs 9 pa-
tients; P =.42). Baseline comorbidities and Charlson scores
were comparable. Finally, in terms of receipt of higher initial
daptomycin dose (>8 mg/kg), the 2 MIC groups were well
matched (18 vs 17 patients; P =.80; Table 1).

By univariate analysis, we found that patients with BSI caused
by E. faecium exhibiting an initial daptomycin MIC of 3-4 pg/
mL had a higher rate of microbiologic failure compared with iso-
lates with MICs < 2 pg/mL (P =.011). Neutropenia (P =.053)
and presence of underlying malignancy (P =.054) were also
closely associated with microbiologic failure. A composite vari-
able for immunosuppression (including neutropenia and malig-
nancy, steroid use, use of an immunosuppressive medication, and
transplant) was significantly associated with microbiologic failure
(P =.004). Daptomycin MIC of the initial isolate was not signifi-
cantly associated with all-cause in-hospital mortality (P =.196).
Clinical factors that correlated with all-cause in-hospital mortal-
ity were intensive care unit stay (P =.039), acute kidney injury
(P=.006), and an abdominal source of infection (P=.013)
(Table 2). Interestingly, initial daptomycin dose (stratified by
dose >8 mg/kg vs lower doses) was not significantly associated
with microbiologic failure or with in-hospital mortality. Similar-
ly, we found no statistically significant relationship on univariate
analysis between concomitant B-lactam antibiotic administration
and microbiologic failure or mortality (Supplementary Table 2).
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Table 1. Patient Characteristics Stratified by Cohort Based on
Daptomycin Minimum Inhibitory Concentration

Enterococcus Enterococcus
faecium faecium
MIC <2 pg/mL  MIC 3-4 pg/mL P
Characteristic (n=231) (n=231) Value®
Demographics
Age >60y 18 (68.1) 21 (67.7) 43
Male gender 17 (54.8) 16 (51.6) .79
Intensive care unit stay 11 (35.5) 14 (45.2) 44

Immunity and organ function

Immunosuppressive 10 (32.3) 10 (32.3) 1.00
medication use

Any steroid use 3(9.7) 6 (19.4) 47
Any transplant 9(29.0) 8 (25.8) 78
Neutropenia 13 (41.9) 13 (41.9) 1.00
Recent chemotherapy 11 (35.5) 0 (32.3) 79
Acute kidney injury 9 (29.0) 3(41.9) .29
Hemodialysis 7 (22.6) 3(41.9 .10
Immunosuppression® 22 (71.0) 6 (83.9) .36
Baseline comorbidities
Charlson score >4 12 (38.7) 15 (48.4) 44
Any malignancy 18 (68.1) 19 (61.3) .80
Diabetes 8(25.8) 11 (35.5) 41
Congestive heart failure 8(25.8) 7 (22.6) 77
Coronary artery disease 3(9.7) 8 (25.8) .18
Peripheral vascular disease 1(3.2) 1(3.2) 1.00
Cerebrovascular disease 3(9.7) 4(12.9) 1.00
Dementia 1(3.2) 3(9.7) 61
Chronic pulmonary disease 4(12.9) 5(16.1) 1.00
Connective tissue disease 1(3.2) 1(3.2) 1.00
Ulcer disease 1(3.2) 2 (6.5) 1.00
Liver disease 4(12.9) 5(16.1) 1.00
Hemiplegia 1(3.2) 0 (0.0 1.00
Chronic kidney disease 6 (19.4) 12 (38.7) .09
Diabetes with end-organ 2 (6.5) 7 (22.6) 15
damage
Metastatic solid tumor 3(9.7) 1(3.2) .61
Organism sensitivities and antibiotic history
Ampicillin resistance 31 (100.0) 31 (100.0) N/A
Linezolid resistance 1(3.2) 0(0.0) 1.00
Vancomycin resistance 29 (93.5) 29 (93.5) 1.00
Aminoglycoside resistance 7 (22.6) 6 (19.4) .76
Prior daptomycin 4(12.9) 6 (19.4) .73
Prior ampicillin 2 (6.5) 5(16.1) 42
Prior vancomycin 22 (71.0) 23 (74.2) .78
Prior aminoglycoside 1(3.2) 4(12.9) .35
Initial daptomycin dose 18 (568.1) 17 (54.8) .80
>8 mg/kg
Infectious sources
Endocarditis 0(0.0) 1(3.2) 1.00
Catheter as potential 13 (41.9) 18 (58.1) .20
source®
Abdomen as possible 12 (38.7) 9(29.0) 42
source®

Data are presented as number (%) unless otherwise specified.

Abbreviations: MIC, minimum inhibitory concentration; N/A, not applicable.

2 Pvalues based on %2 or Fisher exact test where appropriate.

® Immunosuppression refers to composite of transplant, neutropenia, immunosuppressive
medication use, any steroids, malignancy, and human immunodeficiency virus.

°When the source of infection was documented as deriving from a catheter or the abdomen
by the primary treating physician.

Logistic regression modeling of factors associated with mi-
crobiologic failure revealed that only daptomycin MIC 3-4
pg/mL (odds ratio [OR], 4.70 [1.37-16.12]; P=.014) and im-
munosuppression (OR, 5.318 [1.201-23.540]; P =.028) were
significantly associated with this outcome. Interestingly, a
Charlson score >4 was inversely correlated with microbiological
failure (OR, 0.287 [0.084-0.985]; P = .047). Daptomycin MIC of
3-4 pg/mL and immunosuppression remained significantly as-
sociated with microbiologic failure after internal validation
using bootstrap analysis (P =.010 and P =.017, respectively).
The goodness-of-fit of the logistic model was verified using
the Hosmer-Lemeshow test (P =.659). Conversely, in the logis-
tic regression model assessing in-hospital all-cause mortality
using the 3 factors identified in the univariate analysis, none
of the variables remained statistically significant (Table 3). Fi-
nally, given that only 2 patients experienced relapse under our
definition, we did not pursue further analysis for this outcome.

DISCUSSION

We and others have [16, 26] provided genetic, microbiological,
and limited clinical data to suggest that E. faecium isolates with
daptomycin MICs close to the breakpoint may not respond as
well to this antibiotic even if higher doses are used. We now pro-
vide further clinical data that support our initial hypothesis. In
this retrospective multicenter cohort study that spanned several
years, we found a statistically significant decrease in microbiolog-
ic clearance in BSIs caused by E. faecium when the daptomycin
MICs by Etest were 3-4 pug/mL (“susceptible” by current stan-
dards). This association remained significant when adjusted for
immunosuppression and multiple comorbidities. Our results
add strength to our previous observations and suggest that the
current CLSI breakpoint for daptomycin in enterococci (4 pg/
mL) should be reevaluated. Further support to our findings is
provided by the concomitant determination of MICs using
CLSI-recommended methodology (broth microdilution). Indeed,
the daptomycin MICs of all isolates in our study were <2 pg/mL.
This is consistent with our previous observations [16] that indi-
cated that broth microdilution is not robust enough to identify
subpopulations of resistant bacteria (similar to the phenomenon
of vancomycin nonsusceptibility in S. aureus). As clinicians, we
believe a breakpoint should be informative of patient outcomes
regardless of the methodology used, and our findings suggest
that Etest may be more predictive of patient outcomes when
testing daptomycin. As such, an approach to serious infections
caused by E. faecium should include the use of Etest (when
possible), and MIC values of 3-4 pg/mL should be reclassified
as “intermediate” or a note should be added to indicate that dap-
tomycin monotherapy (even at higher doses) may not achieve
microbiological clearance. Another finding in our study was
that initial daptomycin dose was not significantly associated
with either of the 2 primary outcomes evaluated and that the
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Table 2. Patient Factors Significantly Associated With Microbiologic Failure and Associated Logistic Regression Model

Clearance <4 d

Clearance >4 d

95% Confidence

Factor (n=28) (n=34) P Value® Odds Ratio Interval P Value
Enterococcus faecium MIC 3-4 pug/mL 9 32.1% 22 64.7% 011 4.701 1.371 16.118 .014°
E. faecium MIC <2 pg/mL 19 67.8% 12 35.3% .01

Immunosuppression® 17 60.7% 31 91.2% .004 5.318 1.201 23.54 .028°
Charlson score >4 16 57.1% 1" 32.4% .05 0.287 0.084 0.985 047°
Congestive heart failure® 11 39.3% 4 11.8% .017

Hemodialysis® 13 46.4% 7 20.6% .03

Data are presented as number, %, unless otherwise specified. Percentages were calculated with outcomes as denominator.

Abbreviation: MIC, minimum inhibitory concentration.
2 Pvalues based on 2, Fisher exact test, or analysis of variance where appropriate.
° Validated by bootstrap analysis.

¢ Immunosuppression refers to composite of any transplant, neutropenia, immunosuppressive medication use, any steroids, malignancy, and human immunodeficiency virus.

9 Clinical factor not included in multivariate analysis due to low number of outcomes or as other clinical factors considered more cogent without overfitting model.

use of high-dose daptomycin in such situations may not be suf-
ficient to overcome the “tolerance” mechanism. Although higher
daptomycin doses are usually recommended to treat deep-seated
enterococcal infections, it appears that once increases in the MIC
occur (which correlate with specific mutations) [16], higher
doses may not be beneficial. We also found no correlation be-
tween concomitant B-lactam use with microbiologic failure or
clearance. Although the concomitant use of daptomycin plus
B-lactams has been proposed to be synergistic against daptomy-
cin nonsusceptible isolates [27-29], our study was not robust
enough to evaluate therapeutic efficacy.

Of note, our study focused on microbiologic clearance as a
principle endpoint. Prior studies of E. faecium BSIs primarily
evaluated the effect of daptomycin treatment on all-cause mor-
tality, which is likely due to the lack of availability of isolates and
follow-up culture data. As E. faecium BSI often occurs in pa-
tients at high mortality risk (critically ill patients with multiple
comorbidities), we believe microbiologic clearance represents a
more “real” practice outcome that can affect decisions on dura-
tion of antimicrobial therapy. Additionally, our study stratified
patients based on the MIC of the E. faecium isolated. In prior
studies, stratification was based on choice of therapy [30], and

daptomycin MIC values were often not made available, preclud-
ing the ability to obtain susceptibilities of the organisms. There-
fore, these data were often not considered as a factor that
contributed to outcomes.

Some limitations of our study include its retrospective nature
and small sample size. There is intrinsic selection bias due to
retrospective design and strict inclusion criteria. All collected
data were extracted from existing databases, and that limited
the study’s scope. Of note, we found that most databases on
daptomycin therapy related to E. faecium included numerous
patients who had documented clearance even prior to receiving
the first dose of daptomycin. We excluded these patients, and
would recommend that future studies have a similar approach
as E. faecium can colonize catheters. Further, catheter removal
was not documented consistently among the databases, so we
were not able to evaluate the effect of this intervention on the
outcomes. These are potential confounders when evaluating
therapeutic outcomes of invasive E. faecium infections. Addi-
tionally, the clinical response when antibiotics other than
B-lactams were used simultaneously with daptomycin could
not be assessed due to the limited availability of pharmacy re-
cords in the datasets. Lastly, we were not able to draw concrete

Table 3. Patient Factors Significantly Associated With In-Hospital All-Cause Mortality and Associated Logistic Regression Model

Clearance <4 d Clearance >4 d

95% Confidence

Factor (n=28) (n=34) P Value® Odds Ratio Interval P Value
ICU stay 11 29.7% 14 56.0% .039 1.818 0.549 6.02 .328
Acute kidney injury 8 21.6% 14 56.0% .006 2.567 0.699 9.431 166
Abdominal source® 8 21.6% 13 52.0% .013 2.357 0.677 8.202 178
ICU stay® 11 29.70% 14 56.00% .039

Prior aminoglycoside® 0 0.00% 5 20.00% .008

Data are presented as number, %, unless otherwise specified. Percentages were calculated with outcomes as denominator.

Abbreviation: ICU, intensive care unit.

2 Pvalues based on %2, Fisher exact test, or analysis of variance where appropriate.

° When the source of infection was documented as deriving from the abdomen by the primary treating physician.

¢ Clinical factor not included in multivariate analysis due to low number of outcomes or as other clinical factors considered more cogent without overfitting model.
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correlations between individual comorbidities due to the small
sample size. Our finding of an inverse relationship between
Charlson score and microbiologic failure is intriguing but re-
quires validation using more in-depth, prospective collection
of comorbidity data. One possibility is that sicker patients are
more likely to develop transient enterococcal bacteremia com-
pared with healthier patients in whom infections may be more
deep seated in nature. However, we were limited by the avail-
ability of data calculated by study members through chart ab-
straction. Indeed, data from patient charts is dependent on
reliable physician documentation and may lead to underestima-
tion of score. We believe this may be the case in our cohort since
our data suggest that patients’ comorbidities may not be highly
correlated with microbiological clearance. Given the fact that
the P value is close to the limit of statistical significance, a larger
independent sample is needed to further attest or refute this
finding. With the data available, we also created a separate
model in which the Charlson score was replaced by its individ-
ual components. Interestingly, even in this model, the statisti-
cally significant variables (namely, congestive heart failure and
hemodialysis) also exhibited inverse relationships. Finally, al-
though the Acute Physiology and Chronic Health Evaluation
II score [31] is commonly used to stratify illness severity, we
were not able to calculate these due to limited data available
from the retrospective cohorts.

Similarly, the lack of mortality differences may be due to sev-
eral factors. Indeed, E. faecium is not a highly virulent organ-
ism, and patients with bacteremia caused by this organism
may remain bacteremic for prolonged periods. The attributable
mortality of these bacteremic episodes is difficult to assess. An-
other explanation may be our definition of mortality. While we
only assessed in-hospital mortality, it is possible that patients
may have died after discharge.

We believe our study and its findings highlight the impor-
tance of the following 3 important elements that can inform fu-
ture studies on enterococcal BSIs: robust clinical databases,
interinstitutional collaboration, and availability of bacterial iso-
lates. In future studies of serious bacterial illnesses, investiga-
tions should move past the reported antibiotic sensitivities
and begin to incorporate genetic information that could guide
the clinical decision-making process (akin to human immuno-
deficiency virus treatment). As our knowledge of the genetics of
E. faecium expands, it will become even more prudent for these
elements to be considered in clinical studies.

Supplementary Data

Supplementary materials are available at http://cid.oxfordjournals.org.
Consisting of data provided by the author to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.
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