
Evaluation of Vancomycin Population Susceptibility Analysis Profile
as a Predictor of Outcomes for Patients with Infective Endocarditis
Due to Methicillin-Resistant Staphylococcus aureus

Anthony M. Casapao,a* Susan L. Davis,a,b John Paul McRoberts,a Abdalhamid M. Lagnf,a Sonal Patel,c Ravina Kullar,d

Donald P. Levine,e Michael J. Rybaka,e,f

Anti-Infective Research Laboratory, Eugene Applebaum College of Pharmacy and Health Sciences, Wayne State University, Detroit, Michigan, USAa; Department of
Pharmacy Services, Henry Ford Hospital, Detroit, Michigan, USAb; Pharmacy Department, Georgia Regents Health System, Augusta, Georgia, USAc; Cubist
Pharmaceuticals, Lexington, Massachusetts, USAd; Department of Medicine, Division of Infectious Diseases, School of Medicine, Wayne State University, Detroit, Michigan,
USAe; Detroit Receiving Hospital and University Health Center, Detroit, Michigan, USAf

Infective endocarditis due to methicillin-resistant Staphylococcus aureus (MRSA IE) is associated with high morbidity and mor-
tality. Vancomycin continues to be the primary treatment for this disease. The emergence of heterogeneous vancomycin-inter-
mediate Staphylococcus aureus (hVISA), defined as a modified population analysis profile (PAP) of >0.9, may affect patient out-
comes. The objective of this study was to evaluate the relationship of vancomycin subpopulation susceptibility and the clinical
outcomes of MRSA IE. We conducted a retrospective cohort study of patients treated with vancomycin for MRSA IE from 2002
to 2013 at the Detroit Medical Center. A modified PAP was used to measure the vancomycin PAP MIC and the PAP-to-area un-
der the curve (AUC) ratio. Treatment failure was defined as bacteremia for >7 days or death attributed to MRSA. Classification
and regression tree (CART) analysis was used to select a failure breakpoint between the PAP-AUC ratios and the PAP MIC. A
total of 202 patients were included in the study. Twenty-seven percent of the patients had left-sided IE, 19% of the strains were
hVISA, and 70% of the strains were staphylococcal cassette chromosome mec element (SCCmec) type IV. Overall treatment fail-
ure was observed in 64%; 59% had persistent bacteremia, and the 30-day attributable mortality rate was 21%. The CART break-
point between failure and success in terms of the PAP-AUC ratio was 0.9035. On logistic regression analysis, intensive care unit
(ICU) admission (adjusted odds ratio [aOR], 2.8; 95% confidence interval [CI], 1.5 to 5.2) and a PAP MIC of >4 mg/liter (aOR,
3.2; 95% CI, 1.3 to 8.4) were associated with failure (P � 0.001 and 0.015, respectively). A PAP MIC of >4 mg/liter and ICU ad-
mission were significant for treatment failure for patients with MRSA IE. The PAP-AUC ratio of >0.9035 predicted failure con-
sistent with the hVISA definition. The role of population MIC analysis in predicting outcome with MRSA infections warrants
further investigation.

Methicillin-resistant Staphylococcus aureus (MRSA) is a
pathogen that causes serious infections in both the commu-

nity and hospital settings (1–3). Infective endocarditis (IE) is one
of the most complicated infections caused by MRSA and is asso-
ciated with high morbidity and mortality (4–7). National dis-
charge data reported an annual incidence of IE-related hospital-
ization in the United States of as high as 12.7 per 100,000 patients,
which is considerably more common now than was previously
identified (8). A study by the International Collaboration on En-
docarditis (ICE) investigated a cohort of 65 MRSA IE patients and
reported hospital mortality rates of as high as 37% and a persistent
bacteremia rate of as high as 46% (9).

Vancomycin is a glycopeptide that has been considered the
primary therapy for Gram-positive infections, including severe
infections caused by MRSA bacteremia and IE (10). A recent
meta-analysis and systematic review of complicated MRSA blood-
stream infections (BSI) has described MRSA strains with vanco-
mycin MICs at the high end of the susceptibility range (�1 mg/
liter) as being associated with a higher mortality rate (11).
Previous literature has reported vancomycin failure rates ranging
from 31 to 53% and a general reduction in vancomycin suscepti-
bility (12–15). Prolonged use and suboptimal dosing of vancomy-
cin may possibly have led to the emergence of MRSA strains with
reduced susceptibility, including heterogeneous vancomycin-in-
termediate S. aureus (hVISA) and vancomycin-intermediate S.

aureus (VISA) strains (16). It has been reported that patients with
high-inoculum infections, such as IE, appear to have a higher
proportion of hVISA (9).

Heterogeneous susceptibility to vancomycin (e.g., hVISA) has
been defined in the literature as a modified population analysis
profile (PAP)-to-area under the concentration curve (AUC) ratio
for the hVISA S. aureus ATCC strain 700698 (Mu3) of �0.9 (17).
Several studies have evaluated the presence of hVISA in various
types of MRSA infections and reported high frequencies of treat-
ment failure, prolonged length of hospital stay, and persistent bac-
teremia (12, 18). However, this heterogeneity in vancomycin sus-
ceptibility has never been directly correlated with patient
outcomes within a specific cohort of patients. Although S. aureus
strains with higher vancomycin MIC values by definition exist
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within the subpopulations of hVISA organisms, it is unknown
whether the use of these MIC values is a better predictor of patient
outcome in high-inoculum infections, such as infective endocar-
ditis. The characterization of treatment outcomes with respect to
patient underlying conditions, pathogen susceptibility, and over-
all antimicrobial exposure is important in order to understand the
reason for poor drug performance and discover a potential for
alternative management strategies; therefore, our objective was to
evaluate the relationship of a vancomycin subpopulation suscep-
tibility profile and the clinical outcomes of patients treated with
vancomycin for MRSA IE.

MATERIALS AND METHODS
This was an investigational review board-approved retrospective cohort
study conducted from January 2002 to July 2013 at the Detroit Medical
Center. Adult patients �18 years old who received �72 h of vancomycin
therapy for MRSA IE were included for analysis. A diagnosis of IE in-
cluded possible, probable, or definite IE as documented by the treating
physician, according to modified Duke criteria with MRSA bloodstream
infection (BSI) (19). MRSA BSI was defined as MRSA in blood cultures
that met the Centers for Disease Control and Prevention (CDC) criteria
for primary bloodstream infections (20).

MRSA isolates were retrieved from initial patient positive blood cul-
tures, and vancomycin MICs were determined by the broth microdilution
(BMD) and Etest (bioMérieux, Durham, NC) methods, performed in
agreement with the Clinical and Laboratory Standards Institute (CLSI)
guidelines and per the manufacturer’s instructions, respectively (21). The
isolates were screened and confirmed by a modified population analysis
profile (mPAP) to be hVISA. Vancomycin mPAPs were determined at an
inoculum of approximately 1 � 109 CFU/ml, adjusted to a 1 � 108

CFU/ml density, and spiral plated (Don Whitley Scientific Limited, West
Yorkshire, England) onto brain heart infusion (BHI) agar (Difco, Detroit,
MI) plates containing 0, 0.5, 1, 1.5, 2, 3, 4, 8, or 16 mg/liter of vancomycin.
The mPAPs of all MRSA isolates were compared to that of the reference
strain Mu3 (ATCC 700689), and a MRSA isolate was considered hVISA if
the population analysis profile-to-area under the curve (PAP-AUC) ratio
to Mu3 was �0.9, as previously described (17). A vancomycin population
analysis profile MIC (PAP MIC) was determined from the vancomycin
mPAP and was defined as the lowest vancomycin concentration that
inhibited growth to below the level of detection. The staphylococcal
cassette chromosome mec (SCCmec) type, accessory gene regulator
(agr) genotype group, and USA300 or USA400 grouping for the iso-
lates were characterized using multiplex PCR, as described previously
(22–24). The expression of the agr gene cluster was determined by
quantitating delta-hemolysin production, utilizing a previously de-
scribed method by cross-streaking test strains perpendicular to S. au-
reus strain RN4220 (25).

Data collection included patient characteristics, the presence of
comorbid conditions (e.g., diabetes and renal disease), Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) II score (26), and
Charlson comorbidity index (27) at the time the first positive blood
cultures were drawn. Additional data collected included the duration
of bacteremia, antimicrobial therapy, initial vancomycin steady-state
trough serum concentration, length of hospital stay, and 30-day attrib-
utable mortality rate.

The primary outcome was based on vancomycin treatment failure,
defined as a composite by involving at least one of the following criteria:
persistent bacteremia for �7 days from the first initial positive MRSA
blood culture or death attributable to MRSA within 30 days after dis-
charge. Death was considered to be attributed to MRSA infection if one of
the following criteria were present: (i) blood cultures were positive for
MRSA at the time of death, (ii) death occurred before the resolution of
signs or symptoms of MRSA infection, (iii) death occurred 14 days after
the onset of MRSA without another explanation, (iv) autopsy findings
indicated MRSA as a cause of death, or (v) MRSA was indicated as a cause

of death on the death certificate (12). The study data were collected and
managed using Research Electronic Data Capture (REDCap), Vanderbilt
University, with the electronic data capture tools hosted at Wayne State
University (28).

Categorical variables were compared by chi-square or Fisher’s exact
test, if appropriate. Continuous variables were compared by Student’s t
test or the Mann-Whitney U test for parametric or nonparametric vari-
ables, respectively. Multivariable analyses were performed to determine
the independent association of vancomycin treatment failure while ad-
justing for confounding variables. All variables significantly associated
with the outcome on bivariate analysis (P � 0.2) and with clinical ratio-
nale were considered for inclusion in the explanatory multivariable model
using a stepwise logistic regression backward approach. Classification and
regression tree (CART) analysis was used to select the vancomycin PAP-
AUC ratio to Mu3 and the PAP MIC in order to determine the influence
of the vancomycin treatment failure rate. The nodes in the CART were
constrained to have a minimum size of 100 cases in the parent nodes and
50 cases in the terminal nodes. A split-sample validation was performed
using a random assignment of 50% training samples and 50% test samples
to assess the predictive ability of the regression tree model. The maximum
number of tree depth levels was set at five. A Gini impurity measure was
set at a minimum change in improvement of 0.0001. All tests were two-
tailed, and a P value of �0.05 was considered to be statistically significant.
SPSS Statistics, version 21.0 (SPSS, Inc., Chicago, IL) was used for all
calculations.

RESULTS

A total of 266 patients had MRSA IE from 2002 to 2013. Of these,
202 (75.9%) patients were included for analysis (Fig. 1). The me-
dian age was 53 years, with an interquartile range (IQR) of 45 to 59
years, and the median APACHE II score was 12 (IQR, 8 to 18). The
manual broth microdilution (BMD) vancomycin MIC50 and
MIC90 values were 1 mg/liter and 2 mg/liter, respectively. The
vancomycin Etest MIC50 and MIC90 values were 1.5 mg/liter and 2
mg/liter, respectively. By the BMD definition (�2 mg/liter and
�16 mg/liter), three (1.5%) isolates were identified as VISA. As
confirmed by population analysis, 38 (18.8%) were hVISA, with a
modified PAP-AUC ratio to Mu3 of �0.9. The vancomycin PAP
MIC50 and PAP MIC90 values were 3 mg/liter and 4 mg/liter, re-
spectively. The majority of isolates were either SCCmec type II or
IV, with frequencies of 57 (28.2%) and 141 (69.8%), respectively.
One hundred twelve (55.4%) MRSA isolates were identified as

FIG 1 Study population flow chart. *, isolates that were not recovered from
the clinical laboratory to do central vancomycin susceptibility (e.g., MIC and
PAP) were excluded.

Subpopulation MIC and Treatment Failure with MRSA IE

August 2014 Volume 58 Number 8 aac.asm.org 4637

http://aac.asm.org


USA300 strains. The most common agr genotypes were 1 and 2,
with proportions of 124 (61.4%) and 71 (35.1%), respectively. Of
all the MRSA strains, 36 (17.8%) were identified as having agr
dysfunction.

During hospitalization, the total median duration of antimi-
crobial therapy for MRSA IE was 17 days (IQR, 12 to 27). Of
interest, all patients were initially treated with vancomycin, and
the median duration of inpatient vancomycin treatment was 9
days (IQR, 4 to 16 days). One hundred eighty-eight (93.1%) pa-
tients had available initial vancomycin steady-state trough con-
centration information; the median initial trough concentration
was 14.9 mg/liter (IQR, 10.2 to 20.15 mg/liter). Ninety-three
(49.5%) patients had an initial trough concentration value of �15
mg/liter, and 46 (24.5%) had initial vancomycin trough concen-
trations between 15 and 20 mg/liter. A total of 103 (51.0%) pa-
tients switched from vancomycin to another anti-MRSA agent. Of
these, 89 (86.4%) were switched to daptomycin and 9 (8.7%) were
switched to linezolid. A total of 129 (63.9%) continued antimicro-
bials as outpatient therapy, with the two most common antimi-
crobials prescribed being vancomycin and daptomycin, in 57
(44.2%) and 47 (36.4%) patients, respectively.

Overall, the median duration of bacteremia was 7 days (IQR, 5
to 11 days), and the total length of hospital stay was 17 days (IQR,
12 to 30 days). One hundred thirty (64.4%) MRSA IE patients
failed vancomycin therapy; 42 (20.8%) were found to have mor-
tality attributed to MRSA, and 119 (58.9%) had persistent bacte-
remia. See Table 1 for the bivariate comparison of the clinical and
microbiological characteristics between vancomycin treatment
failure and success.

Treatment responses according to vancomycin MIC distribu-
tions by the BMD, Etest, and PAP methods are shown in Fig. 2.
There was a trend in treatment failure as a function of both BMD
and PAP methods for vancomycin MIC. The PAP MIC break-
point derived by CART analysis for treatment failure was �4 mg/
liter. Thirty-six (17.8%) patients had a PAP MIC of �4 mg/liter
and 166 (82.1%) patients had a PAP MIC of �4 mg/liter. Bivariate
comparison of the treatment failure between the groups demon-
strated an odds ratio of 3.3 (relative risk, 1.4) of treatment failure
in the group with a PAP MIC of �4 mg/liter compared to the
group with a PAP MIC of �4 mg/liter (83.3% versus 60.2%, re-
spectively; P � 0.009). The distribution of the PAP-AUC ratio to
Mu3 is provided in Fig. 3, which reports the association of the
ratio with treatment success and failure. The PAP-AUC ratio
breakpoint derived by CART analysis was set for treatment failure
at 0.9035. Multiple variables, including previous hospitalization,
admission to the ICU, comorbid conditions (diabetes, cerebral
vascular accident, and liver disease), surgical intervention, and
PAP MIC of �4 mg/liter were all predictors of treatment failure
on bivariate analysis and were put into the multivariable logistic
regression analysis. In the logistic regression analysis of treatment
failure, a PAP MIC of �4 mg/liter (adjusted odds ratio [aOR],
3.24; 95% confidence interval [CI], 1.25 to 8.35; P � 0.015) and
admission to the ICU (aOR 2.79; 95% CI, 1.50 to 5.18; P � 0.001)
remained in the model and were found to be independent predic-
tors of treatment failure. The final multivariable model was able to
distinguish between treatment failure and success, with no evi-
dence of a lack-of-fit (P � 0.997) determined by the Hosmer-
Lemeshow goodness-of-fit test.

DISCUSSION

Our study found that patients with MRSA IE were 1.4 times more
likely to fail vancomycin therapy if the subpopulation PAP MIC of
the isolate was �4 mg/liter. Heterogeneous vancomycin suscepti-
bility has previously been associated with treatment failure (18).
Specifically, there appears to be a higher occurrence of hVISA in IE
(9). In addition, high MICs of vancomycin within the susceptibil-
ity range may be a marker for hVISA (as we documented in this
database) (29–31). Of interest, our data with the CART analysis
breakpoint for failure for the PAP-AUC ratio was set at 0.9, which
is currently the accepted ratio for defining hVISA by using the
population AUC-to-Mu3 AUC ratio (17, 32). Within our data, we
found hVISA to be associated with treatment failure; however, the
vancomycin susceptibility method by modified population anal-
ysis displayed a stronger association than did BMD MIC, and

TABLE 1 Clinical characteristics and microbiological data with
vancomycin treatment

Characteristic

VAN effectivenessa

P value
Success
(n � 72)

Failure
(n � 130)

Patient characteristics
Age (yr) 51 (38–60.5) 54 (48–59) 0.234
APACHE II score 11.5 (8–17.5) 12 (8–18) 0.766
Charlson comorbidity score 2 (0.5–4) 2 (1–4) 0.304
Actual body wt (kg) 69.8 (61.9–80.5) 71.9 (60.3–85.8) 0.503
Creatinine clearance (ml/min) 49.2 (22.9–81.3) 45.4 (16.2–80.2) 0.566
Prior hospitalization (1 yr) 46 (63.9) 70 (53.8) 0.167
Prior VAN (30 days) 33 (45.8) 62 (47.7) 0.800
Female 28 (38.9) 45 (34.6) 0.545
ICU admission 22 (30.6) 72 (55.4) 0.001
IDUb 41 (56.9) 68 (52.3) 0.527
Diabetes 14 (19.4) 39 (30.0) 0.102
Heart disease 16 (22.2) 30 (23.1) 0.890
Chronic kidney disease 25 (34.7) 39 (30.0) 0.490
Hemodialysis 22 (30.6) 41 (31.5) 0.885
Cerebral vascular accident 6 (8.3) 20 (15.4) 0.152
Liver disease 15 (20.8) 38 (29.2) 0.194
Left-sided IE 18 (25.0) 36 (27.7) 0.679

MRSA isolate characteristics
hVISA 6 (8.3) 32 (24.6) 0.005
VAN PAP MIC � 4 mg/liter 6 (8.3) 30 (23.1) 0.009
VAN BMD MIC � 1 mg/liter 9 (15.5) 25 (20.5) 0.047
VAN Etest MIC � 1 mg/liter 44 (61.1) 88 (67.7) 0.346
SCCmec type 0.540

II 19 (26.4) 38 (29.2) 0.667
III 0 (0.0) 2 (1.5) 0.539
IV 51 (70.8) 90 (69.2) 0.812

agr genotype group 0.314
I 45 (62.5) 79 (60.8) 0.809
II 24 (33.3) 47 (36.2) 0.688
III 1 (1.4) 0 (0.0) 0.350
IV 0 (0.0) 4 (3.1) 0.142

agr defective function 10 (13.9) 26 (20.0) 0.316
USA300 39 (54.2) 73 (56.2) 0.786

Clinical characteristics
Initial VAN trough (mg/liter) 18.1 (13.1–22.9) 13.9 (9.8–18) 0.001
Initial VAN trough � 15

mg/liter
20 (27.8) 75 (57.7) �0.001

VAN duration (days) 8.5 (4–14) 9 (4–17) 0.656
Infectious disease consult 63 (87.5) 105 (80.8) 0.221
Surgical intervention 4 (5.6) 18 (13.8) 0.070

Outcome
Days of bacteremia 4 (3–5) 10 (8–14) �0.001
Total length of stay (days) 14 (10–21.5) 21 (13–39) �0.001

a All data are presented as n (%) or median (IQR). VAN, vancomycin.
b IDU, injection drug use.
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there was not a significant association with the Etest MIC. This is
of interest since the Etest methodology for vancomycin suscepti-
bility has routinely been found to have a statistical association
with treatment failure in other MRSA BSI cohort studies (33, 34).
Our data were similar to those of the International Collaboration
on Endocarditis-Prospective Cohort Study (9), as we found no
independent association between treatment failure and a vanco-
mycin MIC of �1.5 mg/liter by the Etest method.

In our study population, the hVISA phenotype as determined
by the PAP-AUC ratio and PAP MIC was associated with clinical
outcomes. Only PAP MIC was evaluated in multivariable analysis
because of the collinear properties of the PAP MIC and the PAP-
AUC ratio with hVISA. The majority of the isolates with a PAP
MIC of �4 mg/liter were hVISA, and this may partially explain
why patients with hVISA treated with vancomycin have poor out-
comes. Although reported susceptible by the laboratory, it is
thought that these organisms within the population that have
higher MIC values are selected out upon treatment and hence

respond poorly to vancomycin. Most of the types of infections
related to higher MIC values tend to be higher-inoculum infec-
tions. An evaluation of S. aureus vancomycin heteroresistance
with other sources of BSI or types of infections may be of interest
to determine the relationship between vancomycin treatment and
patient outcome. The relationship between vancomycin MIC and
outcome may be confounded by the presence of heteroresistance
and therefore lead to erroneous conclusions. The contribution of
heteroresistance to other sources of infection is of interest since
the risk of mortality or treatment failure is lower in other sources
of BSI, such as intravenous catheter-related and skin tissue
sources, compared to infective endocarditis (35).

Molecular characteristics have been shown to be associated
with heteroresistance to vancomycin (36). The majority of our
MRSA isolates had SCCmec type IV, indicating these isolates may
have originated from the community rather than from hospital
settings (37). These data have been in contrast to what has been
published previously with MRSA IE and heteroresistance to van-
comycin being associated with a higher frequency of SCCmec type
II (9, 36). Of interest, 112 patient isolates were USA300, leaving
approximately 20% of isolates coming from another USA geno-
type associated with SCCmec type IV (38). The only molecular
characteristic that demonstrated an association with a PAP MIC
of �4 mg/liter was the presence of another genotype of USA ver-
sus the presence of USA300 (24% [22/90] versus 13% [14/112];
P � 0.027). Although we did not further differentiate the 22 non-
USA300 genotypes that had a PAP MIC of �4 mg/liter, the ma-
jority of these were either USA100 (SCCmec type II, agr genotype
II) or USA500/600 (SCCmec type IV, agr genotype I) (39).

This study has a large diverse population of patients with
MRSA IE; however, by its retrospective observational nature, it
has some limitations. First, this is a single-center study that may
lack the external validity required to support widespread changes
in practice. Second, the misclassification of a PAP MIC of 4 mg/
liter may be a factor even if it was done in duplicate, since the
initial MRSA isolates were collected from blood cultures and
therefore may not represent the population at the site of infection.
Subsequent cultures were not collected to determine if the popu-
lation susceptibility had shifted, and therefore, it is unknown if
further-reduced vancomycin susceptibility might have increased,
especially for patients with persistent bacteremia. Third, PAP MIC

FIG 2 MIC distributions and treatment outcome. (A) Vancomycin broth microdilution MIC distribution and treatment outcome. The statistical test performed
was a Mann-Whitney U test. The failure rate distributions were 48% for 0.5 mg/liter, 66% for 1 mg/liter, 69% for 2 mg/liter, 100% for 4 mg/liter, and 100% for
8 mg/liter. (B) Vancomycin Etest MIC distribution and treatment outcome. The statistical test performed was a Mann-Whitney U test. The failure rate
distributions were 0% for 0.38 mg/liter, 50% for 0.5 mg/liter, 76% for 0.75 mg/liter, 57% for 1 mg/liter, 68% for 1.5 mg/liter, 57% for 2 mg/liter, 100% for 3
mg/liter, 100% for 4 mg/liter, and 100% for 8 mg/liter. (C) Vancomycin PAP MIC distribution and treatment outcome. The statistical test performed was a
Mann-Whitney U test. The failure rate distributions were 100% for 1 mg/liter, 38% for 1.5 mg/liter, 60% for 2 mg/liter, 62% for 3 mg/liter, 82% for 4 mg/liter,
86% for 8 mg/liter, and 100% for 16 mg/liter.

FIG 3 Vancomycin population analysis profile AUC ratio and treatment
outcome.
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may not be clinically practical until current methods evolve to
become more rapid, less expensive, and less labor intensive.
Fourth, molecular typing (e.g., spa typing or pulsed-field gel elec-
trophoresis) was not performed for this study; therefore, it is un-
known if the clonal relatedness of the isolates had a direct influ-
ence on the clinical outcomes. However, we did perform SCCmec
typing and agr genotyping, which may suggest a hospital or com-
munity origin and some genotypic diversity (37). Finally, selec-
tion bias is a potential concern with outcomes in retrospective
studies, especially when vancomycin susceptibility has been iden-
tified (e.g., automated vancomycin MIC); however, clinicians
were unaware of the modified population analysis profile vanco-
mycin susceptibility and, thus, did not alter therapy or manage-
ment during hospitalization.

In conclusion, the observations made in this study support the
concept that a PAP MIC of �4 mg/liter is unfavorable to out-
comes in patients with MRSA IE. This study demonstrated that
the vancomycin susceptibility obtained by using modified popu-
lation analysis profiles provides an alternative technique in sus-
ceptibility testing and displays a stronger association with clinical
outcome than Etest and BMD. Further studies are warranted to
determine if this finding may be useful for other populations with
MRSA BSI, especially concomitant sites of high-inoculum infec-
tions. In addition, a more rapid process for determining the sub-
population MIC for screening patient isolates may be necessary
for the practicality of this patient outcome predictor. Our data
would support that vancomycin heteroresistance, specifically sub-
populations of PAP MIC of �4 mg/liter, is important based on the
overall impact on patient outcomes, including the association of
30-day attributable mortality and persistent bacteremia.
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