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Vancomycin MIC Does Not Predict 90-Day Mortality, Readmission,
or Recurrence in a Prospective Cohort of Adults with Staphylococcus
aureus Bacteremia

Sanjiv M. Baxi,a,b Angelo Clemenzi-Allen,a Alice Gahbauer,c* Daniel Deck,d* Brandon Imp,e Eric Vittinghoff,f Henry F. Chambers,a

Sarah Doernberga

Department of Medicine, Division of Infectious Diseases, University of California, San Francisco, San Francisco, California, USAa; School of Public Health, Division of
Epidemiology, University of California, Berkeley, Berkeley, California, USAb; School of Pharmacy, University of Pittsburgh Medical Center McKeesport, McKeesport,
Pennsylvania, USAc; Department of Pharmacy Services, San Francisco General Hospital, San Francisco, California, USAd; Rutgers Robert Wood Johnson Medical School,
New Brunswick, New Jersey, USAe; Department of Epidemiology and Biostatistics, University of California, San Francisco, San Francisco, California, USAf

Staphylococcus aureus bacteremia (SAB) is a tremendous health burden. Previous studies examining the association of vanco-
mycin MIC and outcomes in patients with SAB have been inconclusive. This study evaluated the association between vancomy-
cin MICs and 30- or 90-day mortality in individuals with SAB. This was a prospective cohort study of adults presenting from
2008 to 2013 with a first episode of SAB. Subjects were identified by an infection surveillance system. The main predictor was
vancomycin MIC by MicroScan. The primary outcomes were death at 30 and 90 days, and secondary outcomes included recur-
rence, readmission, or a composite of death, recurrence, and readmission at 30 and 90 days. Covariates included methicillin sus-
ceptibility, demographics, illness severity, comorbidities, infectious source, and antibiotic use. Cox proportional-hazards mod-
els with propensity score adjustment were used to estimate 30- and 90-day outcomes. Of 429 unique first episodes of SAB, 11
were excluded, leaving 418 individuals for analysis. Eighty-three (19.9%) participants had a vancomycin MIC of 2 �g/ml. In the
propensity-adjusted Cox model, a vancomycin MIC of 2 �g/ml compared to <2 �g/ml was not associated with a greater hazard
of mortality or composite outcome of mortality, readmission, and recurrence at either 30 days (hazard ratios [HRs] of 0.86 [95%
confidence interval {CI}, 0.41, 1.80] [P � 0.70] and 0.94 [95% CI, 0.55, 1.58] [P � 0.80], respectively) or 90 days (HRs of 0.91
[95% CI, 0.49, 1.69] [P � 0.77] and 0.69 [95% CI, 0.46, 1.04] [P � 0.08], respectively) after SAB diagnosis. In a prospective cohort
of patients with SAB, vancomycin MIC was not associated with 30- or 90-day mortality or a composite of mortality, disease re-
currence, or hospital readmission.

Staphylococcus aureus is a leading cause of bacteremia (1, 2).
Even when an individual is appropriately treated, the risk of

mortality from S. aureus bacteremia (SAB) is 20 to 40% per epi-
sode (3–8). Furthermore, the morbidity from SAB is striking, with
10 to 15% of episodes being complicated by endocarditis or a risk
of metastatic disease elsewhere in the body (9, 10). The financial
consequences of SAB are also significant, with health care costs
ranging from $12,078 to $25,573 per episode of SAB (11–13).
Typically, SAB is treated with narrow-spectrum beta-lactam anti-
biotics for methicillin-susceptible S. aureus (MSSA) isolates and
the glycopeptide antibiotic vancomycin for methicillin-resistant
S. aureus (MRSA) isolates (14–17). Isolates with vancomycin
MICs of �2 �g/ml are considered susceptible, those with MICs of
4 to 8 �g/ml are considered intermediately resistant, and those
with MICs of �8 �g/ml are designated resistant (18). The ques-
tion of whether infection by S. aureus strains with vancomycin
MICs of 2 �g/ml is associated with worse outcomes has been a
topic of much research, although a consensus has not been
reached. Compared with research methods such as Epsilometer
testing (Etest) or broth microdilution (BMD), automated MIC
measurements can be off by 1 dilution in either direction (e.g., a
value of 2 �g/ml could mean 1 or 4 �g/ml if repeated) (19, 20),
which adds to the deliberation over interpreting study results,
although consistency between BMD and Etest results can also
vary. In addition, most studies have focused on MRSA, but the
role of vancomycin MIC in MSSA infection has not been fully
evaluated. A number of studies, including systematic reviews and

meta-analyses, have demonstrated increased mortality in the set-
ting of SAB with vancomycin MICs of �2.0 �g/ml (21–28). Con-
versely, others have shown an increased risk of mortality in indi-
viduals with MICs of �2.0 �g/ml (29–32). In spite of these data,
the majority of studies have failed to show any significant increase
in the risk of mortality attributable to vancomycin MIC (5, 26,
33–55). A recent rigorous meta-analysis failed to demonstrate in-
creased 30-day or in-hospital mortality attributable to vancomy-
cin MIC, irrespective of the MIC cutoff that was chosen (1.5, 2.0,
4.0, or 8.0 �g/ml) (5). Although valuable, meta-analyses are lim-
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ited by the shortcomings of the studies that they include for anal-
ysis (56).

In general, studies have been limited by small sample sizes, few
outcome events with a high probability of type II errors, failure to
have uniform or systematically controlled infectious diseases (ID)
consultation, and failure to consider differential antibiotic treat-
ment. Such failures may result in confounding or mediation of the
relationship between MIC and outcome, particularly when a
higher MIC may lead to the differential use of antibiotics or ID
consultation; the latter has been shown to improve outcomes,
including mortality, in patients with SAB who receive such con-
sultation (57–59, 76). Another limitation may be considering only
inpatient mortality but not longer-term mortality. This is partic-
ularly important for individuals who have complicated disease
associated with higher rates of mortality or recurrence but who
also require longer courses of antibiotic therapy. Also, although
potentially more scientifically accurate, several of these studies
assessed vancomycin MICs with assays that are rarely used in rou-
tine clinical practice, which limits the generalizability of findings
from such studies (15, 20, 57–64). Finally, understanding how
treatment failure affects outcomes other than mortality, including
readmission or SAB recurrence is of interest and should also be
considered. In this prospective cohort study of adult patients with
SAB, we sought to address previous methodological limitations
while determining whether the vancomycin MIC affects clinical
outcomes, including death, readmission, or recurrence of disease
as well as a composite of all three outcomes at both 30 and 90 days.

(This work was presented in part at IDWeek 2014, Philadel-
phia, PA, 7 to 11 October 2014.)

MATERIALS AND METHODS
Population and study design. This was a prospective cohort study of
every patient �18 years of age with a blood culture drawn at San Francisco
General Hospital (SFGH) from 1 January 2008 through 1 June 2013 that
grew S. aureus in at least one bottle. Only participants with a first episode
of SAB at SFGH were included. SFGH is a 270-bed academic urban safety
net hospital and the only level 1 trauma center serving San Francisco
County, with a racially, ethnically, and socioeconomically diverse patient
population. Since 1 January 2008, the ID Division at SFGH has main-
tained a comprehensive SAB surveillance system that prospectively mon-
itors all individuals with SAB. SFGH policy during this time mandated
compulsory ID service consultation for all episodes of SAB. Comprehen-
sive clinical information is available for each participant, including demo-
graphic, microbiological, treatment, and outcome data. All baseline data
for the study were collected at the time of blood culture positivity; fol-
low-up information regarding outcomes was collected subsequently over
time. This study was approved by the University of California, San Fran-
cisco, Committee on Human Research (CHR) (approval number 13-
11790) and was considered exempt from informed consent, as all data had
been initially gathered as part of a hospital surveillance process, and min-
imal risk was presented to the participants at the actual time of the study.
Prisoners could have been included, as data were initially collected as part
of the hospital surveillance system, but study personnel were blind to any
incarceration status of participants.

Measurements. (i) Blood culturing. Blood cultures were collected in
aerobic and anaerobic blood culture bottles (containing tryptic soy broth
with charcoal) and incubated with the BacT/Alert system (bioMérieux,
Marcy-l’Étoile, France) for colorimetric identification of bacterial growth.

(ii) MIC determination. Vancomycin MICs were determined by us-
ing the MicroScan WalkAway system (Dade Behring, Deerfield, IL).
Twenty-four MRSA isolates did not have MIC data available, but 17 of
them had been stored for research purposes, and their MICs were deter-
mined by MicroScan. Of these 17 MIC values, 6 were randomly chosen

and confirmed by Etest. The remaining seven MRSA isolates were ex-
cluded because MIC values were not known.

(iii) Data recording. A list of individuals with SAB is generated from
microbiology databases each nonholiday weekday at SFGH. This list was
conveyed to the inpatient ID team to collect specific clinical and demo-
graphical information for each patient with structured data collection
forms. The data were entered into Microsoft Access (Microsoft Corp.,
Redmond, WA) by surveillance staff, and additional information regard-
ing microbiological characteristics, clinical complications, treatment pro-
vided, and clinical outcome was added over time. Details regarding anti-
biotic treatment and duration were collected from pharmacy databases by
an infectious diseases pharmacist (D.D.). Data was retrospectively con-
firmed for each participant by study personnel via manual chart review of
the electronic health record (EHR).

Explanatory variables. (i) Model covariates. The primary explana-
tory variable of interest was vancomycin MIC (classified as �2 �g/ml or 2
�g/ml). For covariates, given the large number of variables that we eval-
uated, we considered only those variables in models that could be true
confounders (that is, related to both exposure and outcome without being
caused by exposure). Therefore, we did not consider mediators on the
causal path between MIC and outcome, such as severity-of-illness scores,
and we did not consider time until the first effective antibiotic given,
which would affect the outcome but not clearly affect the MIC. The fol-
lowing covariates were included in all regression modeling given a priori
interest: methicillin resistance, self-reported race, age in years, biological
sex, Charlson comorbidity index as measured by comorbidities known to
be present at the time of hospitalization (65), and hospital onset of infec-
tion (�48 h after admission). Additional covariates were considered dur-
ing forward stepwise model building in Cox regression models with and
without propensity score adjustment, including immunosuppressed
state, S. aureus infection or long-term-care facility admission in the prior
12 months, antistaphylococcal antibacterial exposure (vancomycin, dap-
tomycin, linezolid, cefazolin, and nafcillin), hospital length of stay at di-
agnosis, and additional antibiotic treatment with agents active against S.
aureus (aminoglycosides, carbapenems, cephalosporins, aminopenicil-
lins, penicillin, and oral agents). Regarding source of infection, this was
determined by the treating infectious diseases consultation team at the
time of patient diagnosis.

(ii) Antibiotic treatment. Antibiotic treatment regimens were initially
obtained by extraction of pharmacy data. Subsequently, the antibiotic
course was confirmed and defined through individual manual review of
inpatient medical records (including medication administration records),
outpatient dialysis records, and discharge pharmacy data and review of
records from hospitals to where patients were transferred when possible.
SFGH has an in-hospital subacute nursing facility, an affiliated off-site
long-term-care facility, and an outpatient infusion center. Records from
these facilities, including antibiotic administration records, were re-
viewed. Controlling for antibiotic treatment was specific to MSSA and
MRSA; that is, MSSA-active agents were considered for MSSA infections,
and the same was true for MRSA (e.g., vancomycin could be considered
for both settings if used, but the antibiotic courses also considered all
other agents potentially used for a given isolate).

Outcomes. The primary outcome was 30- or 90-day mortality. To
minimize loss to follow-up, mortality was determined as follows: manual
chart review (including surrounding hospital systems where possible),
extraction of SFGH EHR mortality data, query of publicly available inter-
net death records, query of the Centers for Disease Control and Preven-
tion National Death Index (through 2012), and query of the Social Secu-
rity Administration Master Death File (through 2013). Readmission to
SFGH or recurrence of SAB at SFGH was determined by chart review or
electronic microbiology database review, respectively. Regarding recur-
rence of infection, this included both recurrence of disease (that is, clear-
ance of bacteremia for some time, followed by recurrent infection attrib-
uted to an uncontrolled primary source) as well as repeat infection (that is,
clearance of bacteremia and primary source control, followed by a second
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infection due to reestablishment of a new primary source, in either the
same location as before or a different location).

Data analysis. (i) Univariate analysis. Baseline variables were com-
pared between individuals with S. aureus vancomycin MICs of �2 �g/ml
and those with MICs of 2 �g/ml. Continuous variables were compared by
using two-tailed t tests, and categorical variables were compared by using
two-sided Fisher’s exact test.

(ii) Multivariate modeling. We estimated the propensity to have an
MIC of 2 �g/ml by using a logistic model including the following baseline
covariates: age, 5-category race/ethnicity, Charlson comorbidity index,
and hospital onset of infection. These covariates were not considered in
models that included propensity adjustment. Survival analysis with Cox
proportional-hazards models was used to estimate the effect of the MIC
group on the hazard ratio (HR) of study outcomes of interest within 30
and 90 days. These models adjusted for quintiles of the propensity score as
well as time-dependent covariates, including whether a patient was hos-
pitalized and antibiotic treatment over time. To control for antibiotic
exposures over time, we included all start and stop transitions as well as
the simultaneous use of multiple antistaphylococcal agents. This ac-
counted for appropriateness of treatment and duration of treatment on
the individual level. The relatively low proportion of outcomes limited the
number of covariates that could be safely included in models; accordingly,
the time-dependent covariates were selected from an a priori list by using
iterative forward selection with the inclusion criterion of a P value of
�0.2. Because the time-dependent postbaseline covariates were poten-
tially affected by MIC and in turn could affect the outcomes, the fully
adjusted estimates are interpretable as the effect of MIC on the outcomes,
independent of the duration of hospital stay and antibiotic treatment. The
proportionality assumption of each Cox regression model was assessed by
using the Therneau-Grambsch test for nonzero slope (66). For model
covariates, an � value of 0.05 was considered statistically significant. Lin-
earity assumptions were checked for all models. All data analyses were
performed by using Stata (version 13; StataCorp LP, College Station, TX).

RESULTS

There were 429 individuals with first episodes of SAB from Janu-
ary 2008 to June 2013. Of these 429 individuals, 7 did not have
MIC data, and 4 did not have complete antibiotic data (1 was
transferred to another hospital before antibiotics were given, and
3 did not have data recorded), and therefore, they were excluded,
leaving 418 individuals for inclusion in the study. Table 1 summa-
rizes the baseline characteristics of the 418 patients in the study,
stratified by vancomycin MIC (MIC either less than or equal to 2
�g/ml). There were no patients with a first presentation of SAB
caused by isolates with a vancomycin MIC of �2 �g/ml during the
study period. In total, 335 of 418 (80.1%) individuals had a van-
comycin MIC of �2 �g/ml, and 83 of 418 (19.9%) individuals had
a vancomycin MIC of 2 �g/ml. Of the 335 individuals with a
vancomycin MIC of �2 �g/ml, 36 (10.7%) isolates had vancomy-
cin MICs of �0.5 �g/ml, and 299 (89.3%) isolates had vancomy-
cin MICs of 1.0 �g/ml. Notably, the group with MICs of �2 �g/ml
had fewer cirrhotics (P � 0.04) and fewer individuals with in-
hospital case onset (P � 0.004) than the group with MICs of 2
�g/ml. No other differences between the two groups were noted.
Table 2 provides the presumed source of bloodstream infection in
patients with SAB stratified by vancomycin MIC status. Presumed
sources of infection were similar between groups (�2 � 8.8; P �
0.79).

Overall, the proportion of individuals who died at 30 days was
46/418 (11.0%), and the proportion of those who died at 90 days
was 65/418 (15.6%). At 30 days, there was 1 (0.2%) case of recur-
rent SAB, and at 90 days, there were 10 (2.4%) recurrence events.
At 30 days, there were 47/418 readmissions (11.2%), and at 90

days, there were 125/418 (30.0%) readmissions. Finally, after di-
agnosis of SAB, 93 individuals (22.2%) had at least one composite
event in the first 30 days, and 182 individuals (43.5%) had at least
one composite event in the first 90 days. Results from modeling
for 30-day outcomes are shown in Table 3. There are no clear
effects or statistically significant associations between vancomycin
MIC and all-cause readmission, all-cause mortality, recurrence of
SAB, or a composite of all three outcomes (all P � 0.60). The HRs
for all of the Cox regression models, irrespective of adjustment,
were not consistently in one direction or another to suggest an
effect. For 90-day outcomes, the results are presented in Table 4.
Although there are no statistically significant associations noted,
the HRs for readmission and the composite outcome were far
below 1, ranging from 0.60 to 0.75. No statistically significant
reduction in mortality with MICs of 2 �g/ml compared to �2
�g/ml was noted, irrespective of adjustment for covariates, in-
cluding propensity score (P � 0.05 to 0.15). No analyses were
conducted for recurrent events due to there being too few out-
comes at both 30 and 90 days. In the setting of the final multivari-
able Cox regression models, we explored the possibility of a statis-
tical interaction between vancomycin MIC and duration of
vancomycin use. For the 30-day and 90-day composite outcomes,
there was no evidence of an interaction between vancomycin MIC
and duration of vancomycin use (P � 0.57 and P � 0.14, respec-
tively). The proportionality assumption of each adjusted Cox re-
gression model was globally met by the Therneau-Grambsch test
for a nonzero slope. In order to understand whether those indi-
viduals without any outcomes at 30 or 90 days were still alive and
to some extent whether they did not have a recurrence or readmis-
sion at an outside facility, we performed a chart review for a ran-
dom sample of 10% of those individuals who had none of the three
possible outcomes at 90 days (418 � 182 with outcome � 236
individuals 	 0.1 � random sample of 24 individuals). Of the 24
individuals who were randomly sampled, 23/24 (96%) of them at
30 days and 21/24 (87.5%) of them at 90 days were either still
being monitored inpatient, had a follow-up appointment, or had
some other documented contact with the SFGH system. None of
these patients had outcomes that were not otherwise detected.
This supports the fact that there was likely a limited selection bias
due to differential loss to follow-up with respect to outcome.

Finally, we performed a subgroup analysis looking at all eight
outcomes (all-cause readmission, recurrence of bacteremia, all-
cause mortality, and composite of all three of these outcomes, for
both 30 and 90 days from diagnosis) in the MRSA and MSSA
subgroups separately. The results of these analyses are provided in
Tables S1 (30-day results) and S2 (90-day results) in the supple-
mental material. These results were not substantially different
from the results for the full cohort.

DISCUSSION

S. aureus bacteremia continues to be associated with high mortal-
ity rates, and although a number of factors have been found to
contribute to the risk of complicated infection and death (9), our
data show that vancomycin MIC does not predict mortality or the
composite outcome of mortality, recurrence of SAB, or hospital
readmission at 30 or 90 days after initial diagnosis. For the 30-day
outcomes, the lack of a vancomycin MIC effect was consistent
across Cox regression models, with and without adjustment and
also with and without the inclusion of propensity score adjust-
ment, irrespective of the specific outcome of interest. For 90-day
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outcomes, readmission and the composite outcome showed a
large reduction in hazard, consistent with a “protective” effect of
an MIC of 2 �g/ml in Cox modeling, but this was not statistically
significant. If this effect were true, it would likely not be clinically
meaningful, as it may not impact empirical or subsequent man-
agement of SAB, given that vancomycin is often recommended for
empirical therapy for all SAB and for the duration of treatment of
methicillin-resistant SAB. Duration of antibiotic treatment and
other covariates were considered confounders in our model, but

changes in behavior as a reflection of knowledge of MIC (which
may explain this protective effect) would imply that such variables
were actually mediators. By controlling for these covariates in the
model as confounders, we isolated the specific effect of MIC on
outcome independent of mediator pathways, which was our pri-
mary analytic goal. We analyzed the data in a number of different
ways in order to first compare the results of our study to the results
of other studies in the literature and then understand potential
confounding attributable to differential antibiotic exposure or

TABLE 1 Baseline characteristics of 418 patients with Staphylococcus aureus bacteremia stratified by the vancomycin MIC status (MIC of �2 �g/ml
versus MIC of 2 �g/ml) of the isolatea

Variable

Value for group

P valueMIC � 2 �g/ml (n � 335) MIC � 2 �g/ml (n � 83)

Mean age (yr) (SD) 51.5 (14.7) 54.2 (14.0) 0.14

No. (%) of patients of race/ethnicity 0.73
White 134 (40.0) 40 (48.2)
African American 81 (24.2) 19 (22.9)
Latino 55 (16.4) 9 (10.8)
Asian/Pacific Islander 49 (14.6) 21 (25.3)
Otherb 16 (4.8) 3 (3.6)

No. (%) of male patients 242 (72.2) 58 (69.9) 0.68
No. (%) of patients on hemodialysis 210 (62.7) 55 (66.3) 0.61
No. (%) of patients with alcoholism 66 (19.7) 20 (24.1) 0.37
No. (%) of immunosuppressed patientsc 16 (4.8) 5 (6.0) 0.58
No. (%) of patients with cirrhosis 29 (8.7) 14 (16.9) 0.04
No. (%) of patients with diabetes mellitus 87 (26.0) 23 (27.7) 0.78
No. (%) of patients with active cancer 18 (5.4) 3 (3.6) 0.78
No. (%) of HIV-positive patients 52 (15.5) 13 (15.7) 1.00
Mean no. of CD4 cells/�l (SD) 219 (264) 202 (198) 0.83
No. (%) of homeless patients 78 (23.3) 17 (20.5) 0.66
No. (%) of patients with injection drug use 88 (26.3) 19 (21.7) 0.58
No. (%) of patients with prosthetic, including valvular 17 (5.1) 5 (6.0) 0.49
No. (%) of patients hospitalized in previous 12 mo 127 (37.9) 28 (33.7) 0.53
No. (%) of patients with S. aureus infection in previous 12 mo 26 (7.8) 4 (4.8) 0.48
No. (%) of patients with recent surgical procedure 54 (16.1) 15 (18.1) 0.74
No. (%) of patients with recent long-term-care facility or

subacute nursing facility stay
21 (6.3) 8 (9.6) 0.33

Mean Charlson comorbidity index (SD) 4.5 (3.4) 4.7 (3.2) 0.66
No. (%) of patients with SIRS criteria at time of blood culture 234 (69.9) 57 (68.7) 0.89
No. (%) of patients with endocarditis 52 (15.5) 15 (18.1) 0.62
No. (%) of patients with epidural abscess or vertebral

osteomyelitis
33 (9.8) 9 (10.8) 0.84

No. (%) of patients with MRSA isolated 144 (43.0) 44 (53.0) 0.11

No. (%) of patients with source riskd 0.59
Low 56 (16.7) 17 (20.5)
Intermediate 236 (70.4) 58 (69.9)
High 43 (12.8) 8 (9.6)

No. (%) of patients admitted to ICU 73 (21.8) 21 (25.3) 0.56
No. (%) of patients with hospital onset 53 (15.8) 25 (30.1) 0.004
Mean bacteremia duration (days) (SD) 1.9 (1.9) 1.8 (1.9) 0.69
No. (%) of patients with bacteremia duration of �3 days 38 (11.3) 7 (8.4) 0.56
Mean length of stay (days) (SD) 30.9 (133.1) 37.8 (65.6) 0.65
a SIRS, systemic inflammatory response syndrome; ICU, intensive care unit.
b Includes Native Americans, unknown, or self-described other.
c Includes those receiving chronic steroid therapy (�30 days), chemotherapy, or immunomodulatory medications such as biologics.
d Low-risk sources include intravascular catheter and urinary tract infection; intermediate-risk sources include abscess (skin/soft tissue), cellulitis (skin/soft tissue), bone, joint,
surgical site infection, wound, soft tissue, and unknown; and high-risk sources include community-acquired pneumonia, hospital-acquired pneumonia, ventilator-associated
pneumonia, implanted prosthetic material, endovascular infection, abdomen infection, and patients with �1 possible source (76).
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failure of randomization. In time-to-event models, inclusion of
precise estimates of antibiotic exposure addressed confounding
attributable to variability in treatment, but adjustment in general
did not dramatically affect the effect size of the HR. Overall, our
findings are consistent with the plurality of data that have exam-
ined this question and support the use of vancomycin in the treat-
ment of SAB caused by S. aureus isolates with an MIC of 2 �g/ml.
We also performed subgroup analyses stratified by methicillin
susceptibility, which did not differ from the full cohort with re-
spect to outcomes, but we interpret these results with extreme
caution. The number of outcome events was proportionally lower
with smaller subgroup sample sizes, the overall sample size in each
subgroup was lower and potentially underpowered, and the study
was not initially designed to investigate the specific question. Ir-
respective of a concern for diminished power in this setting, the
hazard ratio still demonstrated a protective effect of an MIC of 2
�g/ml, particularly with respect to the composite outcome at 90
days for MRSA. Therefore, if a type II error did occur, the data
would still show that there was not an increased risk of the out-
come with an MIC of 2 �g/ml compared to an MIC of �2 �g/ml,
and there was possibly a lower risk.

Our study is consistent with the findings of several previous
studies which failed to show any significant increase in the risk of
mortality that could be attributable to vancomycin MIC (5, 26,
33–55, 67–71) while improving upon the limitations of many of
those previous studies. We showed that there is no increase in
readmission or recurrence of disease attributable to vancomycin
MIC as well as no increase in the composite outcome of readmis-
sion, recurrence, and mortality at both 30 and 90 days. We had a
large sample size and were able to monitor individuals serially over
time. We comprehensively controlled for total antibiotic exposure
over time in all included patients and were able to obtain inpa-
tient, discharge, and outpatient antibiotic prescription data over
the course of the study period, which allowed the isolation of the
effect of MIC on outcome independent of treatment. We also
controlled for the presence of chronic illness and admission to the

intensive care unit and accounted for time within the hospital.
These measures were taken in order to provide an estimate of the
effect of vancomycin MIC for S. aureus isolates on outcomes of
interest in this study while minimizing bias. Understanding the
true nature of the relationship between vancomycin MIC and out-
comes has a number of potential impacts. These results can reas-
sure clinicians in the antibiotic treatment of persons presenting
with SAB, particularly since vancomycin is often less expensive or
more readily available than alternative treatment strategies in
many health care settings.

There are limitations to the interpretation of these study re-
sults. The use of a MicroScan system to determine MIC potentially
underestimates or overestimates values depending on the stan-
dard to which it is compared (19, 20, 32, 60–64, 72–74), which
leads to nondifferential misclassification of the exposure. Some
data have suggested that assessing the risk for mortality may be
predicted more accurately by nonautomated systems for deter-
mining MIC than by automated systems such as MicroScan (32).
We chose to use MicroScan in this study, as this is much more

TABLE 2 Presumed source of infection in 418 patients with
Staphylococcus aureus bacteremia by vancomycin MIC status (MIC of
�2 �g/ml versus MIC of 2 �g/ml)

Source

No. (%) of patients with source of infection

Vancomycin MIC �
2 �g/ml (n � 335)

Vancomycin MIC �
2 �g/ml (n � 83)

Community-acquired
pneumonia

12 (3.6) 2 (2.4)

Hospital-acquired pneumonia 3 (0.9) 0 (0)
Ventilator-associated

pneumonia
3 (0.9) 0 (0)

Implanted prosthetic material 14 (4.2) 3 (3.6)
Intravascular catheter 48 (14.3) 15 (18.1)
Abscess 43 (12.8) 8 (9.6)
Cellulitis 21 (6.3) 6 (7.2)
Musculoskeletal, bone 20 (6.0) 8 (9.6)
Musculoskeletal, joint 10 (3.0) 1 (1.2)
Surgical site infection 5 (1.5) 1 (1.2)
Urinary tract 8 (2.4) 2 (2.4)
Wound infection 9 (2.7) 0 (0)
Unknown 128 (38.2) 32 (38.6)
Other 11 (3.3) 5 (6.0)

TABLE 3 Comparison of regression modeling for outcomes 30 days
after diagnosis of Staphylococcus aureus bacteremia, comparing
participants with MICs of �2 �g/ml to those with MICs of 2 �g/ml

Model
HR (95% confidence
interval) P value

Mortality, all cause (n � 46)
Cox regression, unadjusted 1.19 (0.59, 2.41) 0.63
Cox regression, adjusteda 1.19 (0.55, 2.59) 0.66
Cox regression with propensity score

and covariate adjustmentb

0.86 (0.41, 1.80) 0.70

Readmission, all cause (n � 47)
Cox regression, unadjusted 0.94 (0.45, 1.95) 0.87
Cox regression, adjustedc 1.03 (0.49, 2.16) 0.94
Cox regression with propensity score

and covariate adjustmentd

0.97 (0.46, 2.04) 0.94

Recurrence of bacteremia (n � 1)
Cox regression, unadjusted —g

Cox regression, adjusted —
Cox regression with propensity score

and covariate adjustment
—

Composite (n � 93)
Cox regression, unadjusted 1.05 (0.64, 1.75) 0.84
Cox regression, adjustede 0.98 (0.58, 1.66) 0.95
Cox regression with propensity score

and covariate adjustmentf

0.94 (0.55, 1.58) 0.80

a Adjustment covariates included methicillin resistance, age, race, gender, hospital
onset, Charlson comorbidity index, recent long-term-care facility stay,
immunosuppressive medication, cefazolin therapy, nafcillin therapy, and advanced
beta-lactam use (ceftaroline, cefepime, or carbapenem class).
b Adjustment covariates included advanced beta-lactam use (ceftaroline, cefepime, or
carbapenem class) and propensity score.
c Adjustment covariates included methicillin resistance, age, race, gender, hospital
onset, Charlson comorbidity index, recent long-term-care facility stay, and cefazolin
therapy.
d Adjustment covariates included only the propensity score.
e Adjustment covariates included methicillin resistance, age, race, gender, hospital
onset, Charlson comorbidity index, recent long-term-care facility stay, and advanced
beta-lactam use (ceftaroline, cefepime, or carbapenem class).
f Adjustment covariates included advanced beta-lactam use (ceftaroline, cefepime, or
carbapenem class), recent long-term-care facility stay, and propensity score.
g —, the model was not undertaken given limited events.
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reflective of clinical practice. Few centers primarily use Etest or
BMD for routine monitoring of vancomycin MIC. The Etest has
been compared directly to MicroScan, with variable results, in-
cluding overestimation, underestimation, and no difference in de-
termination of MICs between the two strategies (19, 32, 72–74).
Irrespective of those previous studies, any bias in this setting
would be nondifferential with respect to exposure and move the
effect measure more toward no difference. Also, with respect to
MIC, we analyzed the data as a dichotomy (�2 �g/ml versus 2
�g/ml) because this has been the most controversial cutoff in the
literature. We did not have any isolates during the study period
with vancomycin MICs of �2 �g/ml, and therefore, we cannot
draw conclusions on such isolates based on the data presented
here. Although we used numerous methods to control for mortal-
ity as an outcome, we were less able to determine if individuals had
a recurrence of disease or readmission outside the public hospital
system in the 30 or 90 days after their initial event. This would
represent nondifferential outcome misclassification; however, it is
unlikely to represent a large proportion of persons given the na-

ture of the SFGH population, except for individuals who became
insured or who were initially treated at SFGH for trauma but
received routine care elsewhere. We also sampled the study pop-
ulation and found it to be very unlikely that care was sought else-
where. This study had a very large proportion of individuals with
kidney disease on hemodialysis, and so the results of this study
may not be easily generalizable to individuals in all clinical situa-
tions. Further limits to generalizability may be related to the
unique environment at SFGH, given that the 30- and 90-day mor-
tality proportions are relatively lower (11.0% at 30 days and 15.6%
at 90 days) than those reported by other groups, typically 20 to
40% (3–7, 9, 75). The low mortality rate may be reflective of ID
consultation for each patient in the study period, a service not
offered by many hospital systems, or the unique ability of SFGH
to accommodate marginalized patients to complete treatment
courses (as outpatients or via in-hospital subacute nursing).
These resources are rarely afforded to county hospitals, where
patient volume and limited financial and logistical resources make
the provision of this level of patient care challenging. Similarly,
institutions with patient populations with different distributions
of complicated disease or sources of infection may not be easily
comparable (e.g., more pneumonia and less endocarditis). Finally,
we did not calculate severity-of-illness scores, as it was felt to be a
mediator of the relationship between vancomycin MIC and out-
come and not a confounder. This was felt to be true because at
initial presentation and in the absence of prior SAB (which is the
patient population of this study), severity of illness could not lead
to vancomycin MIC but presumably may or may not have been
affected by it. Such mediators may not be required to be included
in statistical modeling, as we are already measuring the total effect
between exposure and outcome.

In spite of these limitations, there were several important
strengths to this study that improve on previous work addressing
this specific question. First, each patient received an ID service
consultation, which reduces mortality from SAB and increases
adherence to guidelines for treatment (57–59, 76). Other centers
may preferentially consult ID teams for patients with higher
MICs, which may differentially misclassify outcomes leading to
bias. Second, in order to minimize selection bias due to differen-
tial loss to follow-up in this cohort, we rigorously confirmed mor-
tality as an outcome. Third, we precisely controlled for antibiotic
treatment by manually reconstructing the temporal antibiotic ex-
posure for each participant. Finally, we used contemporary mod-
eling to account for a lack of randomization.

In summary, in this prospective cohort study of 418 individu-
als presenting with SAB, where antibiotic treatment course and
length of hospital stay were comprehensively measured and loss to
follow-up was rigorously minimized, the vancomycin MIC, as de-
termined by MicroScan, was not predictive of readmission, recur-
rence of disease, mortality, or a composite of all three outcomes at
either 30 or 90 days. Given that randomized controlled trials are
not cost-effective for this clinical question and unlikely to be con-
ducted, the methods of comparative studies should focus on ac-
counting for biases due to loss to follow-up and a lack of random-
ization, as we present here.

ACKNOWLEDGMENTS

S.M.B. is supported by the UCSF Traineeship in AIDS Prevention Studies
(NIH grant T32 MH-19105). Additional support came from the National
Center for Advancing Translational Sciences, National Institutes of

TABLE 4 Comparison of regression modeling for outcomes 90 days
after diagnosis of Staphylococcus aureus bacteremia, comparing
participants with MICs of �2 �g/ml to those with MICs of 2 �g/ml

Model
HR (95% confidence
interval) P value

Mortality, all cause (n � 65)
Cox regression, unadjusted 1.27 (0.71, 2.27) 0.42
Cox regression, adjusteda 0.95 (0.52, 1.75) 0.87
Cox regression with propensity score

and covariate adjustmentb

0.91 (0.49, 1.69) 0.77

Readmission, all cause (n � 125)
Cox regression, unadjusted 0.60 (0.36, 1.00) 0.05
Cox regression, adjustedc 0.61 (0.36, 1.04) 0.07
Cox regression with propensity score

and covariate adjustmentd

0.63 (0.37, 1.06) 0.08

Recurrence of bacteremia (n � 10)
Cox regression, unadjusted —g

Cox regression, adjusted —
Cox regression with propensity score

and covariate adjustment
—

Composite (n � 182)
Cox regression, unadjusted 0.75 (0.50, 1.11) 0.15
Cox regression, adjustede 0.69 (0.46, 1.04) 0.08
Cox regression with propensity score

and covariate adjustmentf

0.69 (0.46, 1.04) 0.08

a Adjustment covariates included methicillin resistance, age, race, gender, hospital
onset, Charlson comorbidity index, advanced beta-lactam use (ceftaroline, cefepime, or
carbapenem class), and immunosuppressive medication.
b Adjustment covariates included advanced beta-lactam use (ceftaroline, cefepime, or
carbapenem class), immunosuppressive medication, and propensity score.
c Adjustment covariates included methicillin resistance, age, race, gender, hospital
onset, Charlson comorbidity index, cefazolin use, vancomycin use, recent long-term-
care facility stay, daptomycin use, and hospital length of stay.
d Adjustment covariates included recent long-term-care facility stay, hospital length of
stay, and propensity score.
e Adjustment covariates (a priori interest) included methicillin resistance, age, race,
gender, hospital onset, Charlson comorbidity index, immunosuppressive medication,
vancomycin use, recent long-term-care facility stay, and linezolid use.
f Adjustment covariates (stepwise modeling) included hospital length of stay,
immunosuppressive medication, and propensity score.
g —, the model was not undertaken given limited events.

Vancomycin MIC and S. aureus Bacteremia

September 2016 Volume 60 Number 9 aac.asm.org 5281Antimicrobial Agents and Chemotherapy

http://aac.asm.org


Health, through UCSF-CTSI grant UL1 TR000004. Its contents are solely
the responsibility of the authors and do not necessarily represent the of-
ficial views of the NIH.

H.F.C. has received research funding from Cubist Pharmaceuticals.
S.D. has received research funding from Merck, Genentech, Cerexa, and
Cubist Pharmaceuticals. D.D. has received honoraria from Forest and
Merck Pharmaceuticals.

We have no conflicts of interests to report.

FUNDING INFORMATION
This work, including the efforts of Sanjiv M. Baxi, was funded by HHS |
National Institutes of Health (NIH) (T32 MH19105).

REFERENCES
1. Naber CK. 2009. Staphylococcus aureus bacteremia: epidemiology,

pathophysiology, and management strategies. Clin Infect Dis 48(Suppl
4):S231–S237. http://dx.doi.org/10.1086/598189.

2. Styers D, Sheehan DJ, Hogan P, Sahm DF. 2006. Laboratory-based
surveillance of current antimicrobial resistance patterns and trends
among Staphylococcus aureus: 2005 status in the United States. Ann Clin
Microbiol Antimicrob 5:2. http://dx.doi.org/10.1186/1476-0711-5-2.

3. Shurland S, Zhan M, Bradham DD, Roghmann MC. 2007. Comparison
of mortality risk associated with bacteremia due to methicillin-resistant
and methicillin-susceptible Staphylococcus aureus. Infect Control Hosp
Epidemiol 28:273–279. http://dx.doi.org/10.1086/512627.

4. Mylotte JM, Tayara A. 2000. Staphylococcus aureus bacteremia: predic-
tors of 30-day mortality in a large cohort. Clin Infect Dis 31:1170 –1174.
http://dx.doi.org/10.1086/317421.

5. Kalil AC, Van Schooneveld TC, Fey PD, Rupp ME. 2014. Association
between vancomycin minimum inhibitory concentration and mortality
among patients with Staphylococcus aureus bloodstream infections: a sys-
tematic review and meta-analysis. JAMA 312:1552–1564. http://dx.doi
.org/10.1001/jama.2014.6364.

6. Shorr AF, Tabak YP, Killian AD, Gupta V, Liu LZ, Kollef MH. 2006.
Healthcare-associated bloodstream infection: a distinct entity? Insights
from a large U.S. database. Crit Care Med 34:2588 –2595. http://dx.doi.org
/10.1097/01.CCM.0000239121.09533.09.

7. Cosgrove SE, Sakoulas G, Perencevich EN, Schwaber MJ, Karchmer
AW, Carmeli Y. 2003. Comparison of mortality associated with methi-
cillin-resistant and methicillin-susceptible Staphylococcus aureus bacte-
remia: a meta-analysis. Clin Infect Dis 36:53–59. http://dx.doi.org/10
.1086/345476.

8. Mylotte JM, McDermott C, Spooner JA. 1987. Prospective study of 114
consecutive episodes of Staphylococcus aureus bacteremia. Rev Infect Dis
9:891–907. http://dx.doi.org/10.1093/clinids/9.5.891.

9. Fowler VG, Jr, Olsen MK, Corey GR, Woods CW, Cabell CH, Reller LB,
Cheng AC, Dudley T, Oddone EZ. 2003. Clinical identifiers of compli-
cated Staphylococcus aureus bacteremia. Arch Intern Med 163:2066 –
2072. http://dx.doi.org/10.1001/archinte.163.17.2066.

10. Chang F, MacDonald BB, Peacock JE, Jr, Musher DM, Triplett P,
Mylotte JM, O’Donnell A, Wagener MM, Yu VL. 2003. A prospective
multicenter study of Staphylococcus aureus bacteremia: incidence of en-
docarditis, risk factors for mortality, and clinical impact of methicillin
resistance. Medicine (Baltimore) 82:322–332. http://dx.doi.org/10.1097
/01.md.0000091185.93122.40.

11. Thampi N, Showler A, Burry L, Bai AD, Steinberg M, Ricciuto DR, Bell
CM, Morris AM. 11 March 2015. Multicenter study of health care cost of
patients admitted to hospital with Staphylococcus aureus bacteremia: im-
pact of length of stay and intensity of care. Am J Infect Control http://dx
.doi.org/10.1016/j.ajic.2015.01.031.

12. Reed SD, Friedman JY, Engemann JJ, Griffiths RI, Anstrom KJ, Kaye
KS, Stryjewski ME, Szczech LA, Reller LB, Corey GR, Schulman KA,
Fowler VG, Jr. 2005. Costs and outcomes among hemodialysis-
dependent patients with methicillin-resistant or methicillin-susceptible
Staphylococcus aureus bacteremia. Infect Control Hosp Epidemiol 26:
175–183. http://dx.doi.org/10.1086/502523.

13. Neidell MJ, Cohen B, Furuya Y, Hill J, Jeon CY, Glied S, Larson EL.
2012. Costs of healthcare- and community-associated infections with an-
timicrobial-resistant versus antimicrobial-susceptible organisms. Clin In-
fect Dis 55:807– 815. http://dx.doi.org/10.1093/cid/cis552.

14. Liu C, Bayer A, Cosgrove SE, Daum RS, Fridkin SK, Gorwitz RJ,
Kaplan SL, Karchmer AW, Levine DP, Murray BE, M JR, Talan DA,

Chambers HF, Infectious Diseases Society of America. 2011. Clinical
practice guidelines by the Infectious Diseases Society of America for
the treatment of methicillin-resistant Staphylococcus aureus infec-
tions in adults and children. Clin Infect Dis 52:e18 – e55. http://dx.doi
.org/10.1093/cid/ciq146.

15. Bai AD, Showler A, Burry L, Steinberg M, Ricciuto DR, Fernandes T,
Chiu A, Raybardhan S, Science M, Fernando E, Tomlinson G, Bell CM,
Morris AM. 2015. Impact of infectious disease consultation on quality of
care, mortality, and length of stay in Staphylococcus aureus bacteremia:
results from a large multicenter cohort study. Clin Infect Dis 60:1451–
1461. http://dx.doi.org/10.1093/cid/civ12.

16. Sutherland R, Croydon EA, Rolinson GN. 1970. Flucloxacillin, a new
isoxazolyl penicillin, compared with oxacillin, cloxacillin, and dicloxacil-
lin. Br Med J iv:455– 460. http://dx.doi.org/10.1136/bmj.4.5733.455.

17. Lee S, Choe PG, Song KH, Park SW, Kim HB, Kim NJ, Kim EC, Park WB,
Oh MD. 2011. Is cefazolin inferior to nafcillin for treatment of methicillin-
susceptible Staphylococcus aureus bacteremia? Antimicrob Agents Che-
mother 55:5122–5126. http://dx.doi.org/10.1128/AAC.00485-11.

18. CLSI. 2006. Performance standards for antimicrobial susceptibility test-
ing. Sixteenth informational supplement, M100-S116. CLSI, Wayne, PA.

19. Bland CM, Porr WH, Davis KA, Mansell KB. 2010. Vancomycin MIC
susceptibility testing of methicillin-susceptible and methicillin-resistant
Staphylococcus aureus isolates: a comparison between Etest and an auto-
mated testing method. South Med J 103:1124 –1128. http://dx.doi.org/10
.1097/SMJ.0b013e3181efb5b1.

20. Swenson JM, Anderson KF, Lonsway DR, Thompson A, McAllister SK,
Limbago BM, Carey RB, Tenover FC, Patel JB. 2009. Accuracy of
commercial and reference susceptibility testing methods for detecting
vancomycin-intermediate Staphylococcus aureus. J Clin Microbiol 47:
2013–2017. http://dx.doi.org/10.1128/JCM.00221-09.

21. Wang JL, Wang JT, Sheng WH, Chen YC, Chang SC. 2010. Nosocomial
methicillin-resistant Staphylococcus aureus (MRSA) bacteremia in Tai-
wan: mortality analyses and the impact of vancomycin, MIC � 2 mg/L, by
the broth microdilution method. BMC Infect Dis 10:159. http://dx.doi
.org/10.1186/1471-2334-10-159.

22. Holmes NE, Turnidge JD, Munckhof WJ, Robinson JO, Korman TM,
O’Sullivan MV, Anderson TL, Roberts SA, Gao W, Christiansen KJ,
Coombs GW, Johnson PD, Howden BP. 2011. Antibiotic choice may not
explain poorer outcomes in patients with Staphylococcus aureus bactere-
mia and high vancomycin minimum inhibitory concentrations. J Infect
Dis 204:340 –347. http://dx.doi.org/10.1093/infdis/jir270.

23. Yoon YK, Park DW, Sohn JW, Kim HY, Kim YS, Lee CS, Lee MS, Ryu
SY, Jang HC, Choi YJ, Kang CI, Choi HJ, Lee SS, Kim SW, Kim SI, Kim
ES, Kim JY, Yang KS, Peck KR, Kim MJ. 2014. Multicenter prospective
observational study of the comparative efficacy and safety of vancomycin
versus teicoplanin in patients with health care-associated methicillin-
resistant Staphylococcus aureus bacteremia. Antimicrob Agents Che-
mother 58:317–324. http://dx.doi.org/10.1128/AAC.00520-13.

24. van Hal SJ, Lodise TP, Paterson DL. 2012. The clinical significance of
vancomycin minimum inhibitory concentration in Staphylococcus au-
reus infections: a systematic review and meta-analysis. Clin Infect Dis
54:755–771. http://dx.doi.org/10.1093/cid/cir935.

25. Mavros MN, Tansarli GS, Vardakas KZ, Rafailidis PI, Karageorgopou-
los DE, Falagas ME. 2012. Impact of vancomycin minimum inhibitory
concentration on clinical outcomes of patients with vancomycin-
susceptible Staphylococcus aureus infections: a meta-analysis and meta-
regression. Int J Antimicrob Agents 40:496 –509. http://dx.doi.org/10
.1016/j.ijantimicag.2012.07.023.

26. Soriano A, Marco F, Martinez JA, Pisos E, Almela M, Dimova VP,
Alamo D, Ortega M, Lopez J, Mensa J. 2008. Influence of vancomycin
minimum inhibitory concentration on the treatment of methicillin-
resistant Staphylococcus aureus bacteremia. Clin Infect Dis 46:193–200.
http://dx.doi.org/10.1086/524667.

27. Neuner EA, Casabar E, Reichley R, McKinnon PS. 2010. Clinical, mi-
crobiologic, and genetic determinants of persistent methicillin-resistant
Staphylococcus aureus bacteremia. Diagn Microbiol Infect Dis 67:228 –
233. http://dx.doi.org/10.1016/j.diagmicrobio.2010.02.026.

28. Takesue Y, Nakajima K, Takahashi Y, Ichiki K, Ishihara M, Wada Y,
Tsuchida T, Uchino M, Ikeuchi H. 2011. Clinical characteristics of
vancomycin minimum inhibitory concentration of 2 �g/ml methicillin-
resistant Staphylococcus aureus strains isolated from patients with bacte-
remia. J Infect Chemother 17:52–57. http://dx.doi.org/10.1007/s10156
-010-0086-0.

Baxi et al.

5282 aac.asm.org September 2016 Volume 60 Number 9Antimicrobial Agents and Chemotherapy

http://dx.doi.org/10.1086/598189
http://dx.doi.org/10.1186/1476-0711-5-2
http://dx.doi.org/10.1086/512627
http://dx.doi.org/10.1086/317421
http://dx.doi.org/10.1001/jama.2014.6364
http://dx.doi.org/10.1001/jama.2014.6364
http://dx.doi.org/10.1097/01.CCM.0000239121.09533.09
http://dx.doi.org/10.1097/01.CCM.0000239121.09533.09
http://dx.doi.org/10.1086/345476
http://dx.doi.org/10.1086/345476
http://dx.doi.org/10.1093/clinids/9.5.891
http://dx.doi.org/10.1001/archinte.163.17.2066
http://dx.doi.org/10.1097/01.md.0000091185.93122.40
http://dx.doi.org/10.1097/01.md.0000091185.93122.40
http://dx.doi.org/10.1016/j.ajic.2015.01.031
http://dx.doi.org/10.1016/j.ajic.2015.01.031
http://dx.doi.org/10.1086/502523
http://dx.doi.org/10.1093/cid/cis552
http://dx.doi.org/10.1093/cid/ciq146
http://dx.doi.org/10.1093/cid/ciq146
http://dx.doi.org/10.1093/cid/civ12
http://dx.doi.org/10.1136/bmj.4.5733.455
http://dx.doi.org/10.1128/AAC.00485-11
http://dx.doi.org/10.1097/SMJ.0b013e3181efb5b1
http://dx.doi.org/10.1097/SMJ.0b013e3181efb5b1
http://dx.doi.org/10.1128/JCM.00221-09
http://dx.doi.org/10.1186/1471-2334-10-159
http://dx.doi.org/10.1186/1471-2334-10-159
http://dx.doi.org/10.1093/infdis/jir270
http://dx.doi.org/10.1128/AAC.00520-13
http://dx.doi.org/10.1093/cid/cir935
http://dx.doi.org/10.1016/j.ijantimicag.2012.07.023
http://dx.doi.org/10.1016/j.ijantimicag.2012.07.023
http://dx.doi.org/10.1086/524667
http://dx.doi.org/10.1016/j.diagmicrobio.2010.02.026
http://dx.doi.org/10.1007/s10156-010-0086-0
http://dx.doi.org/10.1007/s10156-010-0086-0
http://aac.asm.org


29. van Hal SJ, Jones M, Gosbell IB, Paterson DL. 2011. Vancomycin
heteroresistance is associated with reduced mortality in ST239 methicil-
lin-resistant Staphylococcus aureus blood stream infections. PLoS One
6:e21217. http://dx.doi.org/10.1371/journal.pone.0021217.

30. Price J, Atkinson S, Llewelyn M, Paul J. 2009. Paradoxical relationship
between the clinical outcome of Staphylococcus aureus bacteremia and
the minimum inhibitory concentration of vancomycin. Clin Infect Dis
48:997–998. http://dx.doi.org/10.1086/597359.

31. de Sanctis JT, Swami A, Sawarynski K, Gerasymchuk L, Powell K,
Robinson-Dunn B, Carpenter CF, Sims MD. 2011. Is there a clinical
association of vancomycin MIC creep, agr group II locus, and treatment
failure in MRSA bacteremia? Diagn Mol Pathol 20:184 –188. http://dx.doi
.org/10.1097/PDM.0b013e318208fc47.

32. Chen SY, Liao CH, Wang JL, Chiang WC, Lai MS, Chie WC, Chang SC,
Hsueh PR. 2014. Method-specific performance of vancomycin MIC sus-
ceptibility tests in predicting mortality of patients with methicillin-
resistant Staphylococcus aureus bacteraemia. J Antimicrob Chemother
69:211–218. http://dx.doi.org/10.1093/jac/dkt340.

33. Howden BP, Ward PB, Charles PG, Korman TM, Fuller A, du Cros P,
Grabsch EA, Roberts SA, Robson J, Read K, Bak N, Hurley J, Johnson
PD, Morris AJ, Mayall BC, Grayson ML. 2004. Treatment outcomes for
serious infections caused by methicillin-resistant Staphylococcus aureus
with reduced vancomycin susceptibility. Clin Infect Dis 38:521–528. http:
//dx.doi.org/10.1086/381202.

34. Charles PG, Ward PB, Johnson PD, Howden BP, Grayson ML. 2004.
Clinical features associated with bacteremia due to heterogeneous vanco-
mycin-intermediate Staphylococcus aureus. Clin Infect Dis 38:448 – 451.
http://dx.doi.org/10.1086/381093.

35. Lodise TP, Graves J, Evans A, Graffunder E, Helmecke M, Lomaestro
BM, Stellrecht K. 2008. Relationship between vancomycin MIC and fail-
ure among patients with methicillin-resistant Staphylococcus aureus bac-
teremia treated with vancomycin. Antimicrob Agents Chemother 52:
3315–3320. http://dx.doi.org/10.1128/AAC.00113-08.

36. Jang HC, Kim SH, Kim KH, Kim CJ, Lee S, Song KH, Jeon JH, Park
WB, Kim HB, Park SW, Kim NJ, Kim EC, Oh MD, Choe KW. 2009.
Salvage treatment for persistent methicillin-resistant Staphylococcus au-
reus bacteremia: efficacy of linezolid with or without carbapenem. Clin
Infect Dis 49:395– 401. http://dx.doi.org/10.1086/600295.

37. Lalueza A, Chaves F, San Juan R, Daskalaki M, Otero JR, Aguado JM.
2010. Is high vancomycin minimum inhibitory concentration a good
marker to predict the outcome of methicillin-resistant Staphylococcus
aureus bacteremia? J Infect Dis 201:311–312. http://dx.doi.org/10.1086
/649572. (Reply, 201:312-313.)

38. Lin SH, Liao WH, Lai CC, Liao CH, Tan CK, Wang CY, Huang YT,
Hsueh PR. 2010. Risk factors for mortality in patients with persistent
methicillin-resistant Staphylococcus aureus bacteraemia in a tertiary care
hospital in Taiwan. J Antimicrob Chemother 65:1792–1798. http://dx.doi
.org/10.1093/jac/dkq188.

39. Lewis T, Chaudhry R, Nightingale P, Lambert P, Das I. 2011.
Methicillin-resistant Staphylococcus aureus bacteremia: epidemiol-
ogy, outcome, and laboratory characteristics in a tertiary referral cen-
ter in the UK. Int J Infect Dis 15:e131– e135. http://dx.doi.org/10.1016
/j.ijid.2010.09.013.

40. Moore CL, Osaki-Kiyan P, Perri M, Donabedian S, Haque NZ, Chen A,
Zervos MJ. 2010. USA600 (ST45) methicillin-resistant Staphylococcus
aureus bloodstream infections in urban Detroit. J Clin Microbiol 48:
2307–2310. http://dx.doi.org/10.1128/JCM.00409-10.

41. Schwaber MJ, Wright SB, Carmeli Y, Venkataraman L, DeGirolami PC,
Gramatikova A, Perl TM, Sakoulas G, Gold HS. 2003. Clinical implica-
tions of varying degrees of vancomycin susceptibility in methicillin-
resistant Staphylococcus aureus bacteremia. Emerg Infect Dis 9:657– 664.
http://dx.doi.org/10.3201/eid0906.030001.

42. Walraven CJ, North MS, Marr-Lyon L, Deming P, Sakoulas G, Mercier
RC. 2011. Site of infection rather than vancomycin MIC predicts vanco-
mycin treatment failure in methicillin-resistant Staphylococcus aureus
bacteraemia. J Antimicrob Chemother 66:2386 –2392. http://dx.doi.org
/10.1093/jac/dkr301.

43. Honda H, Doern CD, Michael-Dunne W, Jr, Warren DK. 2011. The
impact of vancomycin susceptibility on treatment outcomes among pa-
tients with methicillin resistant Staphylococcus aureus bacteremia. BMC
Infect Dis 11:335. http://dx.doi.org/10.1186/1471-2334-11-335.

44. Aguado JM, San-Juan R, Lalueza A, Sanz F, Rodriguez-Otero J, Gomez-
Gonzalez C, Chaves F. 2011. High vancomycin MIC and complicated

methicillin-susceptible Staphylococcus aureus bacteremia. Emerg Infect
Dis 17:1099 –1102. http://dx.doi.org/10.3201/eid1706.101037.

45. Han JH, Mascitti KB, Edelstein PH, Bilker WB, Lautenbach E. 2012.
Effect of reduced vancomycin susceptibility on clinical and economic out-
comes in Staphylococcus aureus bacteremia. Antimicrob Agents Che-
mother 56:5164 –5170. http://dx.doi.org/10.1128/AAC.00757-12.

46. Rojas L, Bunsow E, Munoz P, Cercenado E, Rodriguez-Creixems M,
Bouza E. 2012. Vancomycin MICs do not predict the outcome of methi-
cillin-resistant Staphylococcus aureus bloodstream infections in correctly
treated patients. J Antimicrob Chemother 67:1760 –1768. http://dx.doi
.org/10.1093/jac/dks128.

47. Miller CE, Batra R, Cooper BS, Patel AK, Klein J, Otter JA, Kypraios T,
French GL, Tosas O, Edgeworth JD. 2012. An association between bac-
terial genotype combined with a high-vancomycin minimum inhibitory
concentration and risk of endocarditis in methicillin-resistant Staphylo-
coccus aureus bloodstream infection. Clin Infect Dis 54:591– 600. http:
//dx.doi.org/10.1093/cid/cir858.

48. Musta AC, Riederer K, Shemes S, Chase P, Jose J, Johnson LB, Khatib
R. 2009. Vancomycin MIC plus heteroresistance and outcome of methi-
cillin-resistant Staphylococcus aureus bacteremia: trends over 11 years. J
Clin Microbiol 47:1640 –1644. http://dx.doi.org/10.1128/JCM.02135-08.

49. Maor Y, Hagin M, Belausov N, Keller N, Ben-David D, Rahav G. 2009.
Clinical features of heteroresistant vancomycin-intermediate Staphylo-
coccus aureus bacteremia versus those of methicillin-resistant S. aureus
bacteremia. J Infect Dis 199:619 – 624. http://dx.doi.org/10.1086/596629.

50. Maor Y, Rahav G, Belausov N, Ben-David D, Smollan G, Keller N.
2007. Prevalence and characteristics of heteroresistant vancomycin-
intermediate Staphylococcus aureus bacteremia in a tertiary care center. J
Clin Microbiol 45:1511–1514. http://dx.doi.org/10.1128/JCM.01262-06.

51. Bae IG, Federspiel JJ, Miro JM, Woods CW, Park L, Rybak MJ, Rude
TH, Bradley S, Bukovski S, de la Maria CG, Kanj SS, Korman TM,
Marco F, Murdoch DR, Plesiat P, Rodriguez-Creixems M, Reinbott P,
Steed L, Tattevin P, Tripodi MF, Newton KL, Corey GR, Fowler VG, Jr,
International Collaboration on Endocarditis-Microbiology Investiga-
tor. 2009. Heterogeneous vancomycin-intermediate susceptibility pheno-
type in bloodstream methicillin-resistant Staphylococcus aureus isolates
from an international cohort of patients with infective endocarditis: prev-
alence, genotype, and clinical significance. J Infect Dis 200:1355–1366.
http://dx.doi.org/10.1086/606027.

52. Fong RK, Low J, Koh TH, Kurup A. 2009. Clinical features and treat-
ment outcomes of vancomycin-intermediate Staphylococcus aureus
(VISA) and heteroresistant vancomycin-intermediate Staphylococcus au-
reus (hVISA) in a tertiary care institution in Singapore. Eur J Clin Micro-
biol Infect Dis 28:983–987. http://dx.doi.org/10.1007/s10096-009-0741-5.

53. Khatib R, Jose J, Musta A, Sharma M, Fakih MG, Johnson LB, Riederer
K, Shemes S. 2011. Relevance of vancomycin-intermediate susceptibility
and heteroresistance in methicillin-resistant Staphylococcus aureus bac-
teraemia. J Antimicrob Chemother 66:1594 –1599. http://dx.doi.org/10
.1093/jac/dkr169.

54. Schweizer ML, Furuno JP, Sakoulas G, Johnson JK, Harris AD, Shardell
MD, McGregor JC, Thom KA, Perencevich EN. 2011. Increased mor-
tality with accessory gene regulator (agr) dysfunction in Staphylococcus
aureus among bacteremic patients. Antimicrob Agents Chemother 55:
1082–1087. http://dx.doi.org/10.1128/AAC.00918-10.

55. Chen SY, Liao CH, Wang JL, Chiang WC, Lai MS, Chie WC, Chen WJ,
Chang SC, Hsueh PR. 2012. Methicillin-resistant Staphylococcus aureus
(MRSA) staphylococcal cassette chromosome mec genotype effects out-
comes of patients with healthcare-associated MRSA bacteremia indepen-
dently of vancomycin minimum inhibitory concentration. Clin Infect Dis
55:1329 –1337. http://dx.doi.org/10.1093/cid/cis717.

56. Ioannidis JP, Lau J. 1999. Pooling research results: benefits and limita-
tions of meta-analysis. Jt Comm J Qual Improv 25:462– 469.

57. Honda H, Krauss MJ, Jones JC, Olsen MA, Warren DK. 2010. The
value of infectious diseases consultation in Staphylococcus aureus bac-
teremia. Am J Med 123:631– 637. http://dx.doi.org/10.1016/j.amjmed
.2010.01.015.

58. Lahey T, Shah R, Gittzus J, Schwartzman J, Kirkland K. 2009. Infectious
diseases consultation lowers mortality from Staphylococcus aureus bacte-
remia. Medicine (Baltimore) 88:263–267. http://dx.doi.org/10.1097/MD
.0b013e3181b8fccb.

59. Jenkins TC, Price CS, Sabel AL, Mehler PS, Burman WJ. 2008. Impact
of routine infectious diseases service consultation on the evaluation, man-

Vancomycin MIC and S. aureus Bacteremia

September 2016 Volume 60 Number 9 aac.asm.org 5283Antimicrobial Agents and Chemotherapy

http://dx.doi.org/10.1371/journal.pone.0021217
http://dx.doi.org/10.1086/597359
http://dx.doi.org/10.1097/PDM.0b013e318208fc47
http://dx.doi.org/10.1097/PDM.0b013e318208fc47
http://dx.doi.org/10.1093/jac/dkt340
http://dx.doi.org/10.1086/381202
http://dx.doi.org/10.1086/381202
http://dx.doi.org/10.1086/381093
http://dx.doi.org/10.1128/AAC.00113-08
http://dx.doi.org/10.1086/600295
http://dx.doi.org/10.1086/649572
http://dx.doi.org/10.1086/649572
http://dx.doi.org/10.1093/jac/dkq188
http://dx.doi.org/10.1093/jac/dkq188
http://dx.doi.org/10.1016/j.ijid.2010.09.013
http://dx.doi.org/10.1016/j.ijid.2010.09.013
http://dx.doi.org/10.1128/JCM.00409-10
http://dx.doi.org/10.3201/eid0906.030001
http://dx.doi.org/10.1093/jac/dkr301
http://dx.doi.org/10.1093/jac/dkr301
http://dx.doi.org/10.1186/1471-2334-11-335
http://dx.doi.org/10.3201/eid1706.101037
http://dx.doi.org/10.1128/AAC.00757-12
http://dx.doi.org/10.1093/jac/dks128
http://dx.doi.org/10.1093/jac/dks128
http://dx.doi.org/10.1093/cid/cir858
http://dx.doi.org/10.1093/cid/cir858
http://dx.doi.org/10.1128/JCM.02135-08
http://dx.doi.org/10.1086/596629
http://dx.doi.org/10.1128/JCM.01262-06
http://dx.doi.org/10.1086/606027
http://dx.doi.org/10.1007/s10096-009-0741-5
http://dx.doi.org/10.1093/jac/dkr169
http://dx.doi.org/10.1093/jac/dkr169
http://dx.doi.org/10.1128/AAC.00918-10
http://dx.doi.org/10.1093/cid/cis717
http://dx.doi.org/10.1016/j.amjmed.2010.01.015
http://dx.doi.org/10.1016/j.amjmed.2010.01.015
http://dx.doi.org/10.1097/MD.0b013e3181b8fccb
http://dx.doi.org/10.1097/MD.0b013e3181b8fccb
http://aac.asm.org


agement, and outcomes of Staphylococcus aureus bacteremia. Clin Infect
Dis 46:1000 –1008. http://dx.doi.org/10.1086/529190.

60. Nadarajah R, Post LR, Liu C, Miller SA, Sahm DF, Brooks GF. 2010.
Detection of vancomycin-intermediate Staphylococcus aureus with the
updated Trek-Sensititre system and the MicroScan system. Comparison
with results from the conventional Etest and CLSI standardized MIC
methods. Am J Clin Pathol 133:844 – 848. http://dx.doi.org/10.1309
/AJCPMV1P0VKUAZRD.

61. Khatib R, Riederer K, Shemes S, Musta AC, Szpunar S. 2013. Correla-
tion of methicillin-resistant Staphylococcus aureus vancomycin minimal
inhibitory concentration results by Etest and broth microdilution meth-
ods with population analysis profile: lack of Etest overestimation of the
MIC. Eur J Clin Microbiol Infect Dis 32:803– 806. http://dx.doi.org/10
.1007/s10096-012-1811-7.

62. Rossatto FC, Proenca LA, Becker AP, Silveira AC, Caierao J, D’Azevedo
PA. 2014. Evaluation of methods in detecting vancomycin MIC among
MRSA isolates and the changes in accuracy related to different MIC values.
Rev Inst Med Trop Sao Paulo 56:469 – 472. http://dx.doi.org/10.1590
/S0036-46652014000600002.

63. Rybak MJ, Vidaillac C, Sader HS, Rhomberg PR, Salimnia H, Briski LE,
Wanger A, Jones RN. 2013. Evaluation of vancomycin susceptibility
testing for methicillin-resistant Staphylococcus aureus: comparison of
Etest and three automated testing methods. J Clin Microbiol 51:2077–
2081. http://dx.doi.org/10.1128/JCM.00448-13.

64. Hsu DI, Hidayat LK, Quist R, Hindler J, Karlsson A, Yusof A,
Wong-Beringer A. 2008. Comparison of method-specific vancomycin
minimum inhibitory concentration values and their predictability for
treatment outcome of meticillin-resistant Staphylococcus aureus
(MRSA) infections. Int J Antimicrob Agents 32:378 –385. http://dx.doi
.org/10.1016/j.ijantimicag.2008.05.007.

65. Deyo RA, Cherkin DC, Ciol MA. 1992. Adapting a clinical comorbidity
index for use with ICD-9-CM administrative databases. J Clin Epidemiol
45:613– 619. http://dx.doi.org/10.1016/0895-4356(92)90133-8.

66. Grambsch PM, Therneau T. 1994. Proportional hazards tests and diag-
nostics based on weighted residuals. Biometrika 81:515–526. http://dx.doi
.org/10.1093/biomet/81.3.515.

67. Liao CH, Chen SY, Huang YT, Hsueh PR. 2008. Outcome of patients
with meticillin-resistant Staphylococcus aureus bacteraemia at an emer-
gency department of a medical centre in Taiwan. Int J Antimicrob Agents
32:326 –332. http://dx.doi.org/10.1016/j.ijantimicag.2008.04.011.

68. Clemens EC, Chan JD, Lynch JB, Dellit TH. 2011. Relationships be-
tween vancomycin minimum inhibitory concentration, dosing strategies,
and outcomes in methicillin-resistant Staphylococcus aureus bacteremia.

Diagn Microbiol Infect Dis 71:408 – 414. http://dx.doi.org/10.1016/j
.diagmicrobio.2011.08.002.

69. Yeh YC, Yeh KM, Lin TY, Chiu SK, Yang YS, Wang YC, Lin JC. 2012.
Impact of vancomycin MIC creep on patients with methicillin-resistant
Staphylococcus aureus bacteremia. J Microbiol Immunol Infect 45:214 –
220. http://dx.doi.org/10.1016/j.jmii.2011.11.006.

70. Kan LP, Lin JC, Chiu SK, Yeh YC, Lin TY, Yang YS, Wang YC, Wang
NC, Yeh KM, Chang FY. 2014. Methicillin-resistant Staphylococcus
aureus bacteremia in hemodialysis and nondialysis patients. J Microbiol
Immunol Infect 47:15–22. http://dx.doi.org/10.1016/j.jmii.2012.08.015.

71. Gasch O, Camoez M, Dominguez MA, Padilla B, Pintado V, Almirante
B, Molina J, Lopez-Medrano F, Ruiz E, Martinez JA, Bereciartua E,
Rodriguez-Lopez F, Fernandez-Mazarrasa C, Goenaga MA, Benito N,
Rodriguez-Bano J, Espejo E, Pujol M, REIPI/GEIH Study Groups. 2013.
Predictive factors for mortality in patients with methicillin-resistant
Staphylococcus aureus bloodstream infection: impact on outcome of host,
microorganism and therapy. Clin Microbiol Infect 19:1049 –1057. http:
//dx.doi.org/10.1111/1469-0691.12108.

72. Edwards B, Milne K, Lawes T, Cook I, Robb A, Gould IM. 2012. Is
vancomycin MIC “creep” method dependent? Analysis of methicillin-
resistant Staphylococcus aureus susceptibility trends in blood isolates
from North East Scotland from 2006 to 2010. J Clin Microbiol 50:318 –
325. http://dx.doi.org/10.1128/JCM.05520-11.

73. Kruzel MC, Lewis CT, Welsh KJ, Lewis EM, Dundas NE, Mohr JF,
Armitige LY, Wanger A. 2011. Determination of vancomycin and dap-
tomycin MICs by different testing methods for methicillin-resistant
Staphylococcus aureus. J Clin Microbiol 49:2272–2273. http://dx.doi.org
/10.1128/JCM.02215-10.

74. Keel RA, Sutherland CA, Aslanzadeh J, Nicolau DP, Kuti JL. 2010.
Correlation between vancomycin and daptomycin MIC values for meth-
icillin-susceptible and methicillin-resistant Staphylococcus aureus by 3
testing methodologies. Diagn Microbiol Infect Dis 68:326 –329. http://dx
.doi.org/10.1016/j.diagmicrobio.2010.08.006.

75. Gopal AK, Fowler VG, Jr, Shah M, Gesty-Palmer D, Marr KA, McClel-
land RS, Kong LK, Gottlieb GS, Lanclos K, Li J, Sexton DJ, Corey GR.
2000. Prospective analysis of Staphylococcus aureus bacteremia in non-
neutropenic adults with malignancy. J Clin Oncol 18:1110 –1115.

76. Robinson JO, Pozzi-Langhi S, Phillips M, Pearson JC, Christiansen KJ,
Coombs GW, Murray RJ. 2012. Formal infectious diseases consultation is
associated with decreased mortality in Staphylococcus aureus bacterae-
mia. Eur J Clin Microbiol Infect Dis 31:2421–2428. http://dx.doi.org/10
.1007/s10096-012-1585-y.

Baxi et al.

5284 aac.asm.org September 2016 Volume 60 Number 9Antimicrobial Agents and Chemotherapy

http://dx.doi.org/10.1086/529190
http://dx.doi.org/10.1309/AJCPMV1P0VKUAZRD
http://dx.doi.org/10.1309/AJCPMV1P0VKUAZRD
http://dx.doi.org/10.1007/s10096-012-1811-7
http://dx.doi.org/10.1007/s10096-012-1811-7
http://dx.doi.org/10.1590/S0036-46652014000600002
http://dx.doi.org/10.1590/S0036-46652014000600002
http://dx.doi.org/10.1128/JCM.00448-13
http://dx.doi.org/10.1016/j.ijantimicag.2008.05.007
http://dx.doi.org/10.1016/j.ijantimicag.2008.05.007
http://dx.doi.org/10.1016/0895-4356(92)90133-8
http://dx.doi.org/10.1093/biomet/81.3.515
http://dx.doi.org/10.1093/biomet/81.3.515
http://dx.doi.org/10.1016/j.ijantimicag.2008.04.011
http://dx.doi.org/10.1016/j.diagmicrobio.2011.08.002
http://dx.doi.org/10.1016/j.diagmicrobio.2011.08.002
http://dx.doi.org/10.1016/j.jmii.2011.11.006
http://dx.doi.org/10.1016/j.jmii.2012.08.015
http://dx.doi.org/10.1111/1469-0691.12108
http://dx.doi.org/10.1111/1469-0691.12108
http://dx.doi.org/10.1128/JCM.05520-11
http://dx.doi.org/10.1128/JCM.02215-10
http://dx.doi.org/10.1128/JCM.02215-10
http://dx.doi.org/10.1016/j.diagmicrobio.2010.08.006
http://dx.doi.org/10.1016/j.diagmicrobio.2010.08.006
http://dx.doi.org/10.1007/s10096-012-1585-y
http://dx.doi.org/10.1007/s10096-012-1585-y
http://aac.asm.org

	MATERIALS AND METHODS
	Population and study design.
	Measurements. (i) Blood culturing.
	(ii) MIC determination.
	(iii) Data recording.
	Explanatory variables. (i) Model covariates.
	(ii) Antibiotic treatment.
	Outcomes.
	Data analysis. (i) Univariate analysis.
	(ii) Multivariate modeling.

	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES



