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Vancomycin (VAN) is often used to treat methicillin-resistant Staphylococcus aureus (MRSA) bacteremia despite a high inci-
dence of microbiological failure. Recent in vitro analyses of �-lactams in combination with VAN demonstrated synergistic activ-
ity against MRSA. The goal of this study was to examine the impact of combination therapy with VAN and a �-lactam (Combo)
on the microbiological eradication of MRSA bacteremia compared to VAN alone. This was a retrospective cohort study of pa-
tients with MRSA bacteremia who received Combo therapy or VAN alone. Microbiological eradication of MRSA, defined as a
negative blood culture obtained after initiation of therapy, was used to evaluate the efficacy of each regimen. A total of 80 pa-
tients were included: 50 patients in the Combo group and 30 patients in the VAN-alone group. Microbiological eradication was
achieved in 48 patients (96%) in the Combo group compared to 24 patients (80%) in the VAN-alone group (P � 0.021). In a mul-
tivariable model, the Combo treatment had a higher likelihood of achieving microbiological eradication (adjusted odds ratio,
11.24; 95% confidence interval, 1.7 to 144.3; P � 0.01). In patients with infective endocarditis (n � 22), 11/11 (100%) who re-
ceived Combo therapy achieved microbiological eradication compared to 9/11 (81.8%) treated with VAN alone, but the differ-
ence was not statistically significant (P � 0.20). Patients with MRSA bacteremia who received Combo therapy were more likely
to experience microbiological eradication of MRSA than patients who received VAN alone.

Methicillin-resistant Staphylococcus aureus (MRSA) bactere-
mia is associated with increased health care costs, morbidity,

and mortality as well as worse treatment outcomes than methicil-
lin-susceptible Staphylococcus aureus (MSSA) bacteremia (1, 2).
Moreover, a recent study found that 88% of invasive, nosocomial
MRSA infections involved a positive blood culture (3). Vancomy-
cin (VAN) has been the mainstay of MRSA treatment for over 40
years, but concerns regarding the efficacy of VAN against MRSA
are mounting (4). VAN has been shown to have slow bactericidal
activity, poor antistaphylococcal activity, poor tissue penetration,
and high rates of infection relapse (1, 5–10).

Given the widespread use of VAN for treating MRSA infections
despite its questionable efficacy, several in vitro studies have ex-
plored combination therapy using VAN with a �-lactam (BL)
against MRSA. An in vitro pharmacokinetic/pharmacodynamic
(PK/PD) model simulating in vivo antibiotic exposure demon-
strated that VAN in combination with cefazolin improved anti-
bacterial activity against MRSA and heterogeneous vancomycin
intermediate-susceptible Staphylococcus aureus (hVISA) isolates
compared to VAN alone (11). Another in vitro pharmacokinetic/
pharmacodynamic model by Leonard demonstrated increased
bactericidal activity against MRSA and hVISA using a combina-
tion of VAN and nafcillin compared to VAN alone (12). Pipera-
cillin-tazobactam in combination with VAN has also demon-
strated synergistic activity against MRSA and VISA isolates in
time-kill studies (13, 14).

BLs are often empirically added to VAN as Gram-negative cov-
erage for many disease states, including pneumonia and septic
shock (15, 16). However, despite extensive clinical use of these
regimens, little is known about the impact of BLs on VAN activity
against MRSA. While in vitro studies have demonstrated synergy
between BLs and VAN against MRSA isolates, studies looking at
clinical outcomes of these combinations have not been per-

formed. The objective of this study was to examine the impact of
combination therapy with VAN and a �-lactam for �24 h on the
microbiological eradication of MRSA bacteremia compared to
VAN alone.

MATERIALS AND METHODS
Study design, setting, and population. A retrospective cohort study was
conducted at the University of New Mexico Hospital (UNMH), a 646-bed
tertiary care academic medical center in Albuquerque, NM. This study
was approved by the University of New Mexico Human Research Review
Committee. This study conforms to the STROBE (Strengthening the Re-
porting of Observational Studies in Epidemiology) recommendations for
reporting cohort studies (17). Patients were eligible for study inclusion if
they met the following criteria: (i) they were admitted to UNMH between
January 2005 and December 2012; (ii) they were �18 years of age at the
time of admission; (iii) they had had at least one blood culture positive for
MRSA with a VAN MIC of �2 mg/liter by the BD Phoenix or Vitek
automated microbiological system, and the isolate was available for fur-
ther microbiological and molecular analysis; and (iv) they received either
initial treatment with intravenous VAN or a BL �24 h concurrently with
intravenous VAN. Patients with multiple MRSA-positive blood cultures
during the same hospitalization were included for review once, using their
first blood culture as the index culture. Patients were excluded from this
study if they (i) received �72 h of VAN treatment, (ii) received daptomy-
cin or linezolid before obtaining a negative blood culture, (iii) received
more than one dose of clindamycin, doxycycline, or trimethoprim-sulfa-
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methoxazole before obtaining a negative blood culture, (iv) lacked repeat
blood culture(s) after the index culture, or (v) had a negative blood cul-
ture the same day therapy was started.

Data collection. Microbiological data from UNMH’s reference labo-
ratory (Tricore Reference Laboratories, Inc.) were used in conjunction
with information from the electronic medical record to identify patients
who met the inclusion criteria. Data from eligible subjects were retrospec-
tively collected using a systematic data collection form. Patient data in-
cluded the following: age, gender, race, admission date, discharge date or
date of death, and admitting diagnosis. Length of hospital stay (LOS) and
intensive care unit (ICU) stay were documented as well as the duration of
mechanical ventilation if required. The severity of bacteremia using the
Pitt bacteremia score was calculated for all patients. Mortality data during
hospitalization, including all-cause and attributable to MRSA bacteremia,
were also recorded (18). Patient risk factors for MRSA infection were
documented using the following categories: (i) immunosuppression, de-
fined as treatment with �10 mg of prednisone or equivalent per day for
�14 days prior to infection, neutropenia, human immunodeficiency vi-
rus seropositivity or having received chemotherapy within 45 days prior
to infection, and/or the use of immunosuppressive medication(s) other
than prednisone; (ii) previous health care exposure, defined by home
intravenous antibiotics or infusion clinic attendance 30 days prior to in-
fection, hospital admission for �2 days within the past 90 days prior to
infection, hemodialysis 30 days prior to infection, or being a resident of a
nursing home or long-term-care facility; (iii) injection drug use; (iv) he-
modialysis; (v) prior exposure to a �-lactam, fluoroquinolone, or VAN
for �7 days within 30 days prior to infection; (vi) presence of a central
venous catheter, skin ulcers, or cellulitis at the time of infection; (vii)
homelessness; and (viii) a history of an MRSA infection or being a known
MRSA carrier. The presence of the following patient comorbidities was
also recorded: cancer, liver disease, congestive heart failure, chronic lung
disease, alcoholism, and diabetes mellitus.

The origins of bacteremia, antibiotic susceptibilities, and dates for all
MRSA blood cultures were recorded. Origins of MRSA bacteremia were
categorized as follows: infective endocarditis (IE), osteomyelitis, skin and
soft tissue infection, and other (comprised of catheter-related blood-
stream infection, urinary tract infection, pneumonia, prosthesis, or un-
known origin). A removable source of infection at the time of the index
culture and whether or not the removable source of infection was retained
were also documented. For each antibiotic, the dose, frequency, and du-
ration of therapy were documented, and patients were classified into ei-
ther the VAN-only group or the group receiving combination therapy
with VAN and a BL (Combo). The BLs included ampicillin, nafcillin,
amoxicillin/clavulanate, piperacillin-tazobactam, cephalexin, cefazolin,
cefoxitin, ceftriaxone, ceftazidime, cefotaxime, cefepime, imipenem, and
meropenem, alone or in any combination. Appropriateness of antimicro-
bial therapy was recorded and defined as the initiation of VAN within the
first 48 h of index blood culture collection. Nephrotoxicity was also col-
lected, defined as an increase in serum creatinine from baseline by either
0.5 mg/dl or 50%. VAN serum concentrations were also collected. Repeat
blood cultures following the index blood culture were recorded to docu-
ment microbiological clearance of MRSA bacteremia.

Microbiological outcomes. Microbiological eradication was defined
as a negative blood culture obtained while the patient was receiving VAN
or Combo therapy with no relapse of infection, which was defined as the
isolation of MRSA from blood within 30 days of completing VAN or
Combo therapy. Patients whose last documented blood culture was pos-
itive before death or whose antimicrobial therapy was changed from VAN
or Combo were categorized as microbiological failures, as were patients
who experienced relapse of infection. Microbiological eradication was
selected as the outcome of interest to most closely correlate with in vitro
studies demonstrating an acute impact on bacterial inoculum using VAN
in combination with BLs.

Characterization of MRSA isolates. Subcultures of all clinical MRSA
isolates were collected from the reference laboratory at the time blood

cultures were identified and stored at �80°C. Vancomycin MICs were
determined using Etest (0.016 to 256 mg/liter) (AB Biodisk, Solna, Swe-
den) methodology, according to the manufacturer’s instructions (19).
The �-hemolysin activity on sheep blood agar plates was determined by
�-lysin disk assay and was used as a surrogate marker of accessory gene
regulator (agr) operon functionality, as previously described (20). S. au-
reus strains RN6607 and RN9120 were used as agr-positive and agr-neg-
ative controls, respectively. Isolates were incubated for 24 h and read
independently by two different investigators who were blinded to micro-
biological outcomes. Absence of �-hemolysin expression was interpreted
as loss of agr function. The agr group was assessed using a previously
described quantitative PCR assay (21). Briefly, individual isolates were
cultured in tryptic soy broth for 2 h at 37°C with mixing. Zirconia beads
and a BeadBeater-type homogenizer (BioSpec, Bartlesville, OK, USA)
were used to extract DNA from bacterial pellets resuspended in 10 mM
Tris, pH 8.0, 1 mM EDTA. DNA from each isolate was amplified by quan-
titative PCR using primers and probes corresponding to variable regions
of agrC specific for each agr group (21). DNA from isolates of a known agr
group were included with each amplification as internal controls. Pulse-
field gel electrophoresis (PFGE) was also performed to determine the USA
strain type. Individual MRSA isolates were embedded in agarose and lysed
in situ, and genomic DNA was digested with the restriction endonuclease
SmaI. The restriction fragments were resolved into a pattern of discrete
bands in a 1% SeaKem Gold agarose gel by switching the current direc-
tion, starting at 2 s and finishing at 40 s, using a linear ramping factor for
a total run time of 16.5 h. The DNA fragment patterns were visualized by
ethidium bromide staining and analyzed by a computerized gel imaging
software program (GelCompar II, version 3.0) (22).

Statistical analysis. Continuous variables were summarized using the
mean and standard deviation (SD) or the median and interquartile range
(IQR). Two-sample t tests or Wilcoxon rank-sum tests were used to com-
pare the two groups. Categorical variables were summarized using fre-
quencies and percentages and compared between the two treatment
groups using the likelihood ratio �2 or Fisher’s exact test. Univariable
analysis was used to identify variables associated with microbiological
eradication. Sparse data and zero cells (i.e., quasi-complete separation)
were anticipated for some predictors. Therefore, a logistic regression with
Firth’s penalized maximum-likelihood bias reduction approach was used
to ensure convergence to finite parameter estimates in all univariable
analyses (23). Predictor variables associated with the outcome variable at
� 	 0.25 were included in the multivariable model selection procedure.
Immunosuppression was added to the selection procedure due to its bio-
logical role in the clearance of bacteremia, even though it did not meet the
cutoff value. An all-possible-regressions selection approach based on the
Bayesian information criterion was used to select the best-fitting, most
parsimonious model. The final model was fit using the above-mentioned
Firth’s procedure to obtain the adjusted odds ratios (AORs) and the cor-
responding 95% profile likelihood confidence intervals (CIs). The SAS
macro FL was used to obtain P values that correspond to the 95% profile
likelihood CIs of the AORs (24). All analyses were performed with SAS,
version 9.3 (SAS Institute, Cary, NC, USA).

RESULTS
Study population. Of the 127 patients with MRSA bacteremia
during the study period, 80 were included in the final analysis (Fig.
1). Fifty patients were included in the Combo group, and 30 were
included in the VAN group. Patient demographic and clinical
characteristics were comparable between the two groups (Table
1). However, the patients in the Combo group had a longer LOS
and were more likely to be admitted to the ICU. Risk factors for
MRSA bacteremia were similar as were origins of MRSA bactere-
mia. The majority of patients had IE, osteomyelitis, or skin and
soft tissue infections. Nineteen patients (23.8%) had a removable
source of infection, and the source of infection was removed in all
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but four patients (Table 1). Seven patients in the Combo group
and six patients in the VAN group had catheter-related bactere-
mia, and catheter removal was performed for all but one patient in
each group. All patients with catheter-related bacteremia had ev-
idence of disseminated infection and were treated accordingly. A
removable source of infection was retained in two other patients.
One patient in the VAN treatment group had spinal hardware,
and one patient in the Combo group had a biliary stent. All four of
the patients for whom a removable source of infection was re-
tained experienced microbiological cure. The median Pitt bacte-
remia score was 1 in both treatment groups, and a similar percent-
age of patients in each group had a Pitt bacteremia score of �4, a
score indicating critical illness (19). All patients were treated for
severe, invasive MRSA bacteremia with lengthy durations of anti-
microbial therapy. Seventy-six patients (95%) received appropri-
ate therapy with VAN within 48 h of the index blood culture. Of
the four patients who did not receive VAN within 48 h of the index
blood culture, three were in the Combo group, and one was in the
VAN-alone group; none of these four patients experienced a mi-
crobiological failure. Eighty percent of patients received a consul-
tation from an infectious diseases physician (78% in the Combo
group and 83.3% in the VAN group, respectively).

At UNMH, initial weight-based VAN dosing is used, followed
by individualized, pharmacist-monitored VAN pharmacokinetics
based on VAN trough levels to maintain a VAN goal trough of 15
to 20 mg/liter for invasive MRSA infections. No patient received
less than 96 h of VAN treatment, and the median duration of VAN
therapy was 30 days (interquartile range [IQR], 11 to 44 days) in
the VAN-alone group and 24 days (IQR, 11 to 34 days) in the

Combo group (P 	 0.281). In the Combo group, 34 patients re-
ceived piperacillin-tazobactam (68%). Additionally, four patients
received cefepime (8%), three received ceftriaxone (6%), two pa-
tients each (4%) received cefazolin, ampicillin/sulbactam, and
meropenem, and one patient each (2%) received cephalexin,
ampicillin, and a combination of piperacillin-tazobactam and
ceftriaxone. BL doses were consistent with recommended treat-
ment guidelines for Gram-positive and Gram-negative infections.
The median duration of BL use was 6 days (IQR, 3 to 9 days). Only
one patient in the VAN-alone group and no patients in the Combo
group received a dose of clindamycin prior to obtaining a negative
blood culture. No patients in either treatment group received
doxycycline or trimethoprim-sulfamethoxazole prior to obtain-
ing a negative blood culture. Eight patients in each treatment
group received aminoglycoside therapy with gentamicin, and,
among these patients, one patient in each treatment group did not
achieve microbiological eradication. Additionally, three patients
in the VAN group (10%) and six patients in the Combo group
(12%) experienced nephrotoxicity.

Characteristics of MRSA isolates. The microbiological char-
acteristics of the MRSA isolates are shown in Table 2. The median
VAN Etest MIC was 2.0 mg/liter (IQR, 1.5 to 2.0 mg/liter) in the
Combo group and 1.5 mg/liter (IQR, 1.5 to 2.0 mg/liter) in the
VAN-alone group (P 	 0.066). The median VAN automated MIC
was 1 mg/liter (IQR, 1 to 1 mg/liter) in both groups (P 	 0.065).
Most of the isolates belonged to agr group I (57.5%; n 	 46),
followed by agr group II (41.3%; n 	 33), and one organism was
part of agr group III. The proportion of isolates from agr group I
was similar between the Combo and VAN groups (58% and 60%,
respectively). Forty percent of isolates in both the Combo and
VAN groups were from agr group II. agr functionality was also
similar between the two treatment groups, but there was a higher
proportion of USA300 strains in the Combo group (64%) than in
the VAN-alone group (50%); however, this difference was not
statistically significant (P 	 0.764).

Microbiological outcomes. Microbiological eradication was
achieved in 48 patients (96%) in the Combo group compared to
24 patients (80%) in the VAN group (P 	 0.021) (Table 3). Of the
two patients who experienced microbiological failure in the Combo
group, one received piperacillin-tazobactam, and the other received
cephalexin. Only treatment group and hemodialysis were indepen-
dently associated with microbiological outcome by univariable anal-
ysis (Table 4). Adjusted odds ratios for microbiological eradica-
tion from the multivariable analysis are shown in Table 5. Patients
in the Combo group were 11.24 (95% CI, 1.7 to 144.3 times; P 	
0.01) times more likely to achieve microbiological eradication
than patients in the VAN-alone group. An inverse relationship
was observed between VAN serum level and microbiological erad-
ication (AOR, 0.93; 95% CI, 0.86 to 0.98; P 	 0.006). Additionally,
hemodialysis patients were almost 24 times less likely to achieve
microbiological eradication than nonhemodialysis patients
(AOR, 0.042; 95% CI, 0.01 to 0.25; P � 0.001). In the subset of
patients who had IE (n 	 22), 11/11 patients (100%) who received
Combo treatment achieved microbiological eradication, com-
pared to 9/11 patients (81.8%) treated with VAN alone. The odds
ratio for microbiological eradication among patients with IE who
received the Combo treatment was 6.05 (95% CI, 0.42 to 875.58;
P 	 0.20). The all-cause mortality was 16.3% (n 	 13). The overall
MRSA-attributable mortality rate was 10%. Four patients in each

FIG 1 Consolidated standardized reporting of trials (CONSORT) flow dia-
gram of study participants.
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group expired due to MRSA bacteremia (8% in the Combo group
and 13.3% in the VAN group; P 	 0.448).

DISCUSSION

This study describes the microbiological impact of adding a BL to
VAN in treating patients with MRSA bacteremia. Patients treated
with Combo therapy were more likely to obtain a negative blood

culture than patients treated with VAN alone. This relationship
persisted after data were adjusted for other predictors associated
with microbiological eradication and was independent of the BL
dose or duration. Given the low number of microbiological fail-
ures in the Combo group, a formal statistical analysis stratified by
different BL agents could not be performed. Combo therapy
may also lead to faster microbiological eradication of MRSA bac-

TABLE 1 Demographic and clinical characteristics of the two treatment groupsa

Variable

Value for the group

P valuebCombo (n 	 50) VAN alone (n 	 30)

Mean age (yr [
SD]) 51.6 
 15.0 50.5 
 16.8 0.772
Median LOS (days [IQR]) 20.5 (10.0–41.0) 12.0 (7.8–28.8) 0.027c

Median VAN therapy duration (days [IQR]) 23.5 (11.0–34.0) 30.0 (11.0–44.0) 0.281c

Median VAN serum level (mg/liter [IQR])d 20.2 (16.2–23.2) 17.5 (14.1–24.4) 0.067c

No. of male participants (%) 37 (74.0) 17 (56.7) 0.112

Race (no. of patients [%]) 0.531
Caucasian 18 (36.0) 14 (46.7)
Hispanic 19 (38.0) 8 (26.7)
Othere 13 (26.0) 8 (26.7)

Comorbidities (no. of patients [%])
Alcoholism 7 (14.0) 1 (3.3) 0.097
Cancer 11 (22.0) 4 (13.3) 0.327
Chronic lung disease 4 (8.0) 4 (13.3) 0.448
Congestive heart failure 6 (12.0) 2 (6.7) 0.429
Diabetes mellitus 25 (50.0) 13 (43.3) 0.563
Liver disease 6 (12.0) 6 (20.0) 0.338

MRSA bacteremia risk factors (no. of patients [%])
Cellulitis on admission 2 (4.0) 4 (13.3) 0.190f

Central venous catheter 5 (10.0) 5 (16.7) 0.389
Hemodialysis 6 (12.0) 6 (20.0) 0.338
Homelessness 1 (2.0) 0 (0.0) �0.999f

Immunosuppression 9 (18.0) 3 (10.0) 0.320
Injection drug use 9 (18.0) 7 (23.3) 0.566
MRSA colonizationg 10 (20.0) 8 (26.7) 0.493
Previous health care exposure 22 (44.0) 12 (40.0) 0.726
Prior antibiotic exposureh 4 (8.0) 2 (6.7) �0.999f

Skin ulcers on admission 9 (18.0) 1 (3.3) 0.037

Origin of bacteremia (no. of patients [%])
Endocarditis 11 (22.0) 11 (36.7) 0.159
Osteomyelitis 11 (22.0) 4 (13.3) 0.327
Skin and soft tissue infection 5 (10.0) 1 (3.3) 0.402f

Otheri 20 (40.0) 13 (43.3) 0.770
More than one source 3 (6.0) 1 (3.3) �0.999f

Source control (no. of patients [%])
Removable source of infection 11 (22.0) 8 (26.7) 0.637
Removable source of infection retainedj 2 (4.0) 2 (6.7) 0.602

Severity of illness markers
ICU admission (no. of patients [%]) 21 (42.0) 6 (20.0) 0.039
Ventilator use (no. of patients [%]) 13 (26.0) 4 (13.3) 0.169
Median Pitt bacteremia score (IQR) 1 (1–3) 1 (0–2) 0.238c

Pitt bacteremia score of �4 (no. of patients [%]) 9 (18.0) 4 (13.3) 0.580
a LOS, length of stay; IQR, interquartile range; ICU, intensive care unit.
b P values were calculated by the likelihood ratio �2 test, except where otherwise noted.
c Wilcoxon rank sum test.
d One patient in each treatment group did not have a vancomycin serum level documented in the electronic medical record. Both patients experienced microbiological eradication.
e Comprised of African American, Asian American/Pacific Islander and Native American/Alaskan Native, two or more races and unknown/declined to answer.
f Fisher’s exact test.
g History of an MRSA infection or being a known MRSA carrier.
h Exposure to a �-lactam, fluoroquinolone, or VAN for �7 days within 30 days prior to infection.
i Comprised of catheter-related bloodstream infection, urinary tract infection, pneumonia, prosthesis, or bacteremia of unknown origin.
j Of the four patients for whom a removable source of infection was retained, none experienced microbiological failure.
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teremia. Nafcillin with VAN demonstrated bactericidal activity
against MRSA after only 6.3 h of therapy in an in vitro pharmaco-
kinetic/pharmacodynamic model, whereas VAN alone did not
demonstrate bactericidal activity (12). However, in our study the
exact time to microbiological eradication could not be determined
accurately since obtaining daily blood cultures is not common
practice.

The higher rate of microbiological eradication in the Combo
group substantiates existing in vitro data that has demonstrated a
synergistic effect between VAN and BLs against MRSA (11–14). In
the current study, combining BLs with no activity against MRSA
with VAN improved the rate of microbiological eradication of
MRSA bacteremia compared to treatment with VAN alone. A
similar example is the use of ceftriaxone with ampicillin for
Enterococcus faecalis IE, despite ceftriaxone’s lack of activity
against Enterococcus. (25) Our results show an unrecognized, ben-
eficial effect of combination therapy, especially combinations of-
ten used together like piperacillin-tazobactam and VAN. This
finding also suggests that combination antibiotic therapy against
MRSA may be a method to enhance the activity of existing anti-
MRSA agents, such as VAN, rather than waiting for novel anti-
MRSA agents to be developed. Although combination therapy is
effective for certain infections, such as human immunodeficiency

virus and Mycobacterium tuberculosis infections, the use of com-
bination therapy has not translated to treatment of MRSA infec-
tions (26, 27). This was done to decrease the potential for un-
wanted antibacterial resistance and to prevent unwanted side
effects of broad-spectrum antibiotic therapy. Now, the treatment
paradigm may need to change for patients with recurrent or dif-
ficult to treat MRSA infections as alternative options are limited.

Patients were not started on Combo therapy for MRSA infec-
tions but, rather, for potential polymicrobial infections. Patients
in the Combo group were more likely to be in the ICU and had a
longer LOS. This is not unexpected as combination antibiotic
therapy targeting Gram-positive and Gram-negative organisms is
commonly used to treat patients in the ICU (15). The VAN serum
concentrations were higher in the Combo group as well, which is
likely a reflection of more aggressive VAN dosing used in the ICU.
In multivariable analysis, VAN serum level was inversely related
with microbiological eradication, likely a result of VAN discontin-
uation due to supratherapeutic levels. It should be noted that the

TABLE 2 Microbiological characteristics of MRSA isolates

Parameter

Value for the groupa

P valueb

Combo
(n 	 50)

VAN alone
(n 	 30)

Median VAN MIC (mg/liter [IQR])c 2.0 (1.5–2.0) 1.5 (1.5–2.0) 0.066d

MRSA straind 0.213
USA100 17 (35.4) 14 (50.0)
USA300 31 (64.6) 14 (50.0)

agr functionalitye 0.764
Functional 31 (75.6) 21 (72.4)
Loss of function 10 (24.4) 8 (27.6)

agr groupf 0.943
Group I 29 (59.2) 18 (60.0)
Group II 20 (40.8) 12 (40.0)

a Except where otherwise noted, data are expressed as number (percentage) of patients.
b P values were calculated by the likelihood ratio �2 test, except where otherwise noted.
c Vancomycin Etest MIC. IQR, interquartile range.
d Wilcoxon rank sum test.
e MRSA strain type and agr were not available for all isolates.
f One patient in the Combo group had an isolate from agr group III and was not
included in this analysis.

TABLE 3 Microbiological eradication in patients with MRSA
bacteremia

Patient group

Eradication frequency by
treatment groupa

P valueCombo VAN alone

All patients 48/50 (96.0) 24/30 (80.0) 0.021
Patients with IE 11/11 (100.0) 9/11 (81.8) 0.200
a Data are expressed as numbers of patients with eradication of MRSA bacteremia/total
number of patients (percentage). One patient in each group experienced a relapse of
MRSA to any site. Neither patient who experienced MRSA infection relapse had IE.

TABLE 4 Univariable analysis of the association between potential
predictor variables and microbiological eradication in patients with
MRSA bacteremia

Variableb

Value for the variablea

OR 95% CI P value

Treatment group (Combo vs VAN alone) 5.15 1.21–29.7 0.026
Age (yr) 0.99 0.95–1.04 0.719
LOS (days) 1.04 0.99–1.14 0.101
Vancomycin serum level (mg/liter)c 0.97 0.93–1.01 0.136
Cancer 1.24 0.24–12.41 0.816
Hemodialysis 0.07 0.01–0.33 �0.001
Immunosuppression 3.51 0.39–465.03 0.317
Injection drug use 4.96 0.56–654.41 0.178
MRSA colonization 0.76 0.17–4.44 0.733
Endocarditis 1.02 0.24–5.88 0.985
Osteomyelitis 4.58 0.52–604.59 0.206
ICU admission 0.79 0.19–3.67 0.753
Ventilator use 1.46 0.29–14.56 0.676
Pitt bacteremia score of �4 1.07 0.82–1.69 0.653
MRSA strain (USA300 vs USA100) 2.52 0.62–11.67 0.197
agr functionality 1.08 0.18–4.77 0.920
a The odds ratio (OR) and 95% confidence interval were derived using Firth’s penalized
maximum likelihood bias reduction approach to logistic regression.
b LOS, length of stay; ICU, intensive care unit.
c One patient in each treatment group did not have a vancomycin serum level
documented in the electronic medical record. Both patients experienced
microbiological eradication.

TABLE 5 Multivariable analysis of the association between potential
predictor variables and microbiological eradication in patients with
MRSA bacteremia

Variable

Value for the variablea

AOR 95% CI P value

Treatment group (Combo vs VAN alone) 11.24 1.72–144.34 0.010
Vancomycin serum level (mg/liter)b 0.93 0.86–0.98 0.006
Hemodialysis 0.042 0.01–0.25 �0.001
a The adjusted odds ratio (AOR) and 95% confidence interval were derived using
Firth’s penalized maximum-likelihood bias reduction approach to logistic regression.
b One patient in each treatment group did not have a vancomycin serum level
documented in the electronic medical record. Both patients experienced
microbiological eradication.
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median VAN serum concentration for each group was therapeutic
(�15 mg/liter) based on current MRSA bacteremia treatment
guidelines (4). Two recent studies have demonstrated increased
rates of acute kidney injury among patients who received pipera-
cillin-tazobactam with VAN compared to VAN alone (28, 29).
However, rates of nephrotoxicity were similar between the
Combo and VAN groups even though the majority of patients in
the Combo group received piperacillin-tazobactam.

Origins of MRSA bacteremia and the proportion of isolates
from agr group II, which contribute substantially to the duration
of MRSA bacteremia, were also similar between the two treatment
groups (30, 31). Multivariable analysis also showed that hemodi-
alysis patients were less likely to experience microbiological erad-
ication, which is consistent with a previous study of persistent
MRSA bacteremia (32). MRSA IE is also associated with pro-
longed bacteremia as well as with high rates of clinical failures
(33–35). VAN use is associated with slow treatment response and
high failure rates when it is used to treat MRSA IE (31, 36). Yet in
the current study, no patients with IE in the Combo group expe-
rienced a microbiological failure. While this is a subgroup analy-
sis, these results are promising, given that IE has been shown to be
a predictor of VAN failure (36). Our results are consistent with a
recent study by Moise et al. in which the addition of a BL to dap-
tomycin against S. aureus bacteremia improved clinical outcomes
compared to daptomycin alone (37). The overall inpatient,
MRSA-attributable mortality in our study was 10%. This is lower
than many previous studies of MRSA bacteremia, including a re-
cent study by Brown and colleagues which found an attributable-
mortality rate due to MRSA bacteremia of 16% (38). The lower
attributable mortality rate in our study likely resulted from several
factors, including the high proportion of patients receiving early
and appropriate therapy, the low VAN MICs of the organisms,
efforts to eliminate removable sources of infection, and having a
high rate of consultation with an infectious diseases physician.
Consultation with an infectious diseases physician has been asso-
ciated with a lower risk of death from MRSA bacteremia (39).
Moreover, it should be noted that the MRSA-attributable mortal-
ity rate was lower in the Combo group than in the VAN-alone
group.

Among the few in vitro studies examining combination ther-
apy against MRSA, none has elucidated a mechanism to explain
why these combinations are effective. It is possible that BLs induce
an alteration in the MRSA cell wall which allows for improved
VAN binding. Against a vancomycin-intermediate, daptomycin-
resistant strain of S. aureus, oxacillin was shown to alter the cell
wall surface charge to allow for increased daptomycin binding
(40). Moreover, despite elevated VAN and daptomycin MICs, the
isolate did not demonstrate an increased susceptibility to oxacil-
lin. Increased susceptibility to BLs among S. aureus isolates with
elevated VAN and daptomycin MICs is known as the “seesaw
effect” and has been demonstrated among daptomycin-resistant
strains of S. aureus using in vitro time-kill studies (41). VAN-
Bodipy binding was reduced in time-kill studies, demonstrating
synergy between BLs and VAN against VISA (42). As such, synergy
between VAN and BLs against S. aureus may not be a result of
increased VAN binding but, rather, may result from either en-
hanced VAN interactions with cell wall precursors, as suggested by
Werth and colleagues, or an enhancement of BL activity (42).
Inhibition of peptidoglycan synthesis by VAN against MRSA has
been shown to decrease methicillin resistance (43). We have pre-

viously demonstrated that the MIC90 for piperacillin-tazobactam
against 20 MRSA isolates decreased from 96 mg/liter to 2 mg/liter
in the presence of subinhibitory concentrations of VAN (14). Ad-
ditionally, using time-kill studies with piperacillin-tazobactam or
oxacillin in combination with VAN, we demonstrated increased
antibacterial activity of the Combo therapy compared to any of
these agents alone (14). We have also demonstrated increased an-
tibacterial activity of piperacillin-tazobactam in combination with
VAN against MRSA and VISA compared to either agent alone
using a 72-h in vitro PK/PD model (44). In the current study,
patients with MRSA bacteremia who received Combo therapy
were more likely to experience microbiological eradication of
MRSA than patients who received VAN alone even though there is
no currently known mechanism to explain this effect. Future stud-
ies should examine the impact Combo therapy against MRSA in a
prospective manner. Additional in vitro research is also needed to
elucidate how BLs and VAN interact with the MRSA cell wall.

Limitations of the current study must be acknowledged. Al-
though this is the first study to report microbiological outcomes
associated with VAN in combination with BLs in patients with
MRSA bacteremia, this study was a retrospective analysis per-
formed at a single center. Additionally, the majority of MRSA
isolates at UNMH have Etest MICs of �2 mg/liter with limited
clonality. However, many institutions in the United States have
isolates with similar MRSA susceptibilities to VAN (45). We did
consider examining clinical outcomes. But the treatment dura-
tions varied depending on the origin of the MRSA bacteremia, and
we hypothesized that the effect of the Combo treatment would be
more pronounced in the acute phase of infection based on results
from in vitro PK/PD studies evaluating various �-lactams in com-
bination with VAN (11, 12). Additionally, some patients were
discharged from the hospital without follow-up being docu-
mented in the electronic medical record; thus, assessment of clin-
ical outcomes beyond hospital discharge was not possible for all
patients. Because of these factors, we chose to examine microbio-
logical eradication as our primary outcome. In conclusion, our
results suggest that combination therapy with VAN and a BL is
more likely to achieve microbiological eradication among patients
with MRSA bacteremia than treatment with VAN alone. Combi-
nation therapy could help preserve the use of VAN as a treatment
option for MRSA bacteremia, and its impact on clinical outcomes
should be explored further.
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