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Abstract
Objective—Vancomycin-resistant Enterococci (VRE) have become a public health concern with
implications for patient mortality and costs. Hospital antibiotic usage may impact VRE incidence,
but the relationship is poorly understood. Animal investigations suggest ceftriaxone may be
associated with VRE proliferation. We measured antimicrobial usage and VRE bloodstream
infection (BSI) incidence to test our hypothesis that increased ceftriaxone use would be associated
with a higher incidence of VRE-BSI.

Setting—The University of Alabama at Birmingham Medical Center is a 900-bed urban tertiary-
care hospital

Methods—Retrospective analysis of antimicrobial usage and VRE-BSI from 2005 to 2008 (43
months). Antimicrobial usage quantified as days of therapy/1,000 patient-days (DOT). VRE-BSI
incidence calculated as cases/1,000 patient-days. Negative binomial regression with adjustment
for correlation between consecutive observations measured the association between antimicrobial
usage and VRE-BSI incidence at the hospital- and care-unit levels.

Results—VRE-BSI incidence increased from 0.06 to 0.17 infections/1,000 patient-days. Hospital
VRE-BSI incidence was associated with prior-month ceftriaxone DOT (Incidence Rate Ratio 1.38
per 10 DOT; p=0.005). After controlling for ceftriaxone, prior-month cephalosporin use (class)
was not predictive of VRE-BSI (p=0.70). Similarly, prior-month use of piperacillin-tazobactam,
ceftazidime, cefepime, cefazolin, or vancomycin was not predictive of VRE-BSI when considered
individually (p≥0.4 for all comparisons). The final model suggests that type of intensive care unit
was related to VRE-BSI incidence.
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Conclusions—Ceftriaxone use in the prior month, but not cephalosporin (class) or vancomycin
use, was related to VRE-BSI incidence. These findings suggest that an antimicrobial stewardship
program that limits ceftriaxone may reduce nosocomial VRE-BSI incidence.

Introduction
Vancomycin-resistant enterococcal bloodstream infections (VRE-BSI) are a major cause of
morbidity and mortality for hospitalized patients. Enterococcus spp. are now the second
most common nosocomial bloodstream isolate in the United States and high-level
vancomycin resistance is common among these isolates.1 National surveys of intensive care
units indicate that VRE represented <1% of enterococcal isolates in 1990, but currently
exceed 30%1–4. Using conservative incidence estimates, VRE-BSI leads to $2 billion in
annual U.S. healthcare costs and may be related to 10,000 to 25,000 deaths per year.5–15 The
Infectious Disease Society of America has identified VRE as a major health concern, but
effective and feasible prevention methods are lacking.16,17 As a complement to infection
control measures, antimicrobial stewardship may have the potential to reduce the infections
due to vancomycin-resistant Enterococcus spp.18–26

Antimicrobial stewardship programs that provide guidance on appropriate selection, dosing,
route and duration of antimicrobial usage, have been successful in reducing the incidence of
multi-drug resistant gram-negative rods and methicillin-resistant Staphylococcus
aureus.27–29 Multiple investigations report successful reductions in VRE incidence in
hospitals that use antimicrobial stewardship to restrict all cephalosporins.18–26 However,
based on the clinical utility of the cephalosporin class, many hospitals such as ours
determined that removing all cephalosporins from the hospital formulary class would not be
feasible.

Using previously published human and animal investigations, we hypothesized that specific
antibiotic agents may have different effects on the incidence of VRE. Moreover, we
specifically hypothesized that ceftriaxone’s high biliary excretion and resultant derangement
of intestinal microflora would encourage propagation of VRE.30–36 The aim of this
investigation was to determine if specific antimicrobial agents were associated with VRE-
BSI incidence and thus may be good candidates for selective antimicrobial restriction.

Methods
Study Design and Setting

We conducted a retrospective investigation of antimicrobial usage and incidence of VRE-
BSI at the University of Alabama at Birmingham Medical Center (UAB). UAB is an urban
tertiary care hospital with over 900 beds. The investigation utilized data from January 1,
2005 to August 1, 2008.

The analysis was designed to determine the association between utilization of antimicrobials
and VRE-BSI incidence across the entire hospital and within individual care areas. The care
areas chosen for individual analysis included two medical intensive care units (ICUs), the
medical ICU (MICU) and cardiac ICU (CICU), one surgical ICU (SICU), and two medical
floor units (general medicine ward and general medicine/hematology ward). Standard
infection control policies including requirements for the room assignments of patients, the
use of dedicated instruments and equipment, and the cleaning and disinfecting of
contaminated items were in place during the course of the study.16
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Monitoring for VRE-BSI and Nosocomial Infections
Providers obtained blood cultures in all patients with suspected BSI as a matter of routine
clinical care. All blood cultures were analyzed with an automated culture system (BacT/
ALERT, bioMerieux Industries, Hazelwood, Missouri) and automated susceptibility testing
(Microscan Walkaway 96 SI, Siemens Healthcare Diagnostics, Deerfield, IL). All patients
who met CDC criteria for BSI with vancomycin-resistant Enterococcus spp were included in
the study.37 For the hospital level analysis, VRE-BSI incidence was calculated as number of
patients with VRE-BSI per 1,000 patient days of care.

For the analysis of individual care areas, patients who met CDC criteria for VRE-BSI and
whose index cultures were drawn in the care area or within 12 hours of transfer to another
unit were included as cases.37 VRE-BSI incidence was calculated per 1,000 patient days of
care within the care area.

Antimicrobial Utilization
Antimicrobial usage is evaluated on a monthly basis by the institution’s antimicrobial
stewardship committee. The method utilized is based on individual patient charge data in
which a day of therapy is represented by a patient receiving at least one dose of the selected
antibiotic. Medication usage was quantified as days of therapy/1,000 patient days (DOT).
Charge data were collected for all antibacterial and antifungal agents used in the hospital
during the study period. Data on antiviral and antiretroviral medications were not collected.

Availability of antimicrobial agents on the formulary was dependent on pharmaceutical
acquisition as negotiated by the hospital. In 2005, a national shortage of the ADD-Vantage®
system for piperacillin tazobactam occurred impacting the institution’s ability to acquire this
product. Antimicrobial stewardship programs limiting fluorquinolone use were in place
during the entire study period. Specifically, fluoroquinolones could only be prescribed with
the oral assent of an infectious disease specialist.

Statistical Analysis
Guided by the results of exploratory graphical analyses, we used regression models for
count data and 4-knot restricted cubic splines to evaluate the shape of potential temporal
relations between antimicrobial usage and incidence of VRE-BSI in the entire hospital and
within individual care areas. At the hospital level we performed time-trend regression
analyses with monthly VRE-BSI incidence as the dependent variable and hospital DOT
(prior and concurrent month) for each antibiotic on the hospital formulary as the predictor
variable. Specifically, and based on the results of preliminary analyses, we used negative
binomial regression with adjustment for correlation between consecutive observations to
relate monthly VRE-BSI incidence to usage of individual antibiotics (predictor variable) on
a log-linear scale (i.e, using log VRE incidence as the outcome variable). In multivariable
analysis, the association between monthly VRE-BSI incidence and DOT for a given
antibiotic was further adjusted for monthly usage of other antibiotics. We also conducted
graphical analysis of residuals to detect time-trends in VRE-BSI incidence unaccounted for
by the predictor variables included in the regression model.

At the care-unit level, we performed simple linear regression of relative incidence of VRE
and antimicrobial DOT within individual care areas over the entire study period. We also
investigated trends in relative incidence of VRE-BSI (Incidence Rate Ratio, SICU reference
group) in each care unit as a function of relative usage of each individual antibiotic (DOT,
SICU reference group) during the study period. We built a multivariable regression model to
assess time-trend in VRE-BSI incidence as a function of usage of each antibiotic, controlling
for individual care units. Residual analyses were performed as described above.
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Results
There were 1,018,601 patient-days of care at UAB from January 1, 2005 to August 1, 2008.
Incidence of VRE-BSI increased from a baseline of 0.06 infections/thousand patient days in
January 2005 to 0.17 infections/thousand patient days in July 2008. Mean age of patients
with VRE-BSI was 54 years and 42% were male. E. faecium caused 227 cases (97%) of
VRE-BSI, with the remaining events due to E. faecalis. Trends in antibiotic utilization
during the study period can be seen in Figure 1. There was a decline in piperacillin
tazobactam DOT and an increase in cefepime DOT during 2005 and 2006. There was also a
trend toward less use of fluoroquinolones.

Hospital Analysis
Hospital VRE-BSI incidence was log-linearly associated with ceftriaxone DOT during the
prior month (IRR of 1.38 per 10 DOT, p=0.005; Figure 2). There was no association
between VRE-BSI incidence and prior-month usage of cephalexin, cefepime, ceftazidime,
vancomycin, piperacillin/tazobactam, or cephalosporins as a class (p>0.05 for all
comparisons; Figure 3). After controlling for ceftriaxone use, no other antimicrobial agent
was predictive of VRE-BSI incidence (p≥0.4). Residual analysis confirmed that there was
no time trend in VRE-BSI incidence left unexplained after accounting for the association
with ceftriaxone DOT in the prior month. Unexplained VRE incidence was generally less
than ±1 case per month.

Analysis of Individual Care Areas
Analysis at the care-area (e.g., ICU) level suggested a relationship between local ceftriaxone
DOT and local VRE-BSI incidence. A large proportion of the variance in VRE-BSI
incidence across care units was explained by a linear relation with relative ceftriaxone use
across units (R2 = 0.8637, p=0.05). Correlations between relative VRE-BSI incidence and
relative usage of ceftazidime, cefepime, cefazolin, vancomycin, and cephalosporins (class)
across units were small and not statistically significant (p>0.12 for all comparisons).

Multivariable time-trend analysis of the relation between monthly VRE-BSI incidence
within a care area and prior-month antibiotic DOT within the same care area found that prior
ceftriaxone DOT was directly and log-linearly associated with local VRE-BSI incidence
(IRR of 3.34 per 10 DOT, 95% Confidence Interval 1.2–8.9, p=0.016; Table 1). Concurrent
cefepime DOT was associated with an increased incidence of VRE in some models, but after
backward elimination of non-significant antimicrobial covariates, the only variable that
remained statistically significant in the final model was prior-month ceftriaxone DOT.

The final model also suggests that type of care unit was related to VRE-BSI incidence.
Among ICUs, the Surgical ICU (IRR 0.4, 95% Confidence Interval 0.2–0.8, p=0.2) and the
Cardiac ICU (IRR 0.4, 95% Confidence Interval 0.2–0.9, p=0.03) had less VRE-BSI than
the medical ICU. There was no difference between the general medicine and general
medicine/hematology wards.

Discussion
In our analysis of antibiotic usage data on more than 100,000 admissions spanning 1 million
patient-days of care, prior month utilization of ceftriaxone was a consistent predictor of
VRE-BSI over time both in the hospital and within individual care areas. No other antibiotic
was so consistently related with VRE-BSI. Notably, utilization of cephalosporins (overall as
a class), vancomycin, and piperacillin tazobactam did not correlate with VRE-BSI
incidence. Data from this investigation, supported by previous animal models showing a
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relationship between ceftriaxone and VRE, may have identified an opportunity to reduce
nosocomial VRE infection through targeted antimicrobial stewardship.

Intravenous vancomycin use did not correlate with VRE-BSI incidence at our institution.
Although some older literature has suggested a relationship between vancomycin utilization
and VRE, several large investigations and reviews of the literature have failed to detect such
a strong relationship.38–43 A recent analysis of the literature concluded that some of the
association between vancomycin utilization and VRE may be due to inappropriate control
group selection and confounding by time at risk.44 An analysis limited to studies adjusting
for length of stay found only a small and non-significant association between vancomycin
exposure and acquisition of VRE (pooled O.R.=1.4; 95% C.I=0.7–2.6).41 Importantly,
previously published antimicrobial stewardship programs designed to limit the use of
vancomycin have little impact on VRE incidence without simultaneously improving
infection control measures or limiting other antibiotics.45

In contrast, published reports of programs that restrict use of the cephalosporin class of
antibiotics have documented a reduction in VRE colonization or infection.18–26 Data from
these reports provide proof-of-principle that cephalosporin restriction can reduce VRE
colonization and infection rates. Despite the available evidence, antimicrobial stewardship
committees have not widely adopted restriction protocols that prevent prescribing of the
entire cephalosporin class. Restricting the entire cephalosporin class would severely limit
provider’s options for therapy and could lead to poor patient outcomes and/or overuse of
other classes of antimicrobials that could lead to the emergence of other resistant pathogens.
Although protocols for restriction of select cephalosporins could be a pragmatic alternative,
investigations on the impact of select antibiotic restriction on VRE-BSI incidence have, to
our knowledge, not been performed.

Our observation of a consistent association over time between ceftriaxone DOT and VRE-
BSI incidence in hospitalized patients is a novel and important finding of this study.
Previous investigations with animal models and selected patient populations have implicated
ceftriaxone in the propagation and dissemination of VRE.30,31,33–36 Ceftriaxone achieves
high concentrations in bile and has no activity against Enterococcus spp.36 As a result,
ceftriaxone is thought to significantly change intestinal flora, reducing microecologic
competition and allowing for VRE overgrowth and heavy rectal colonization.46,47 Data with
other antimicrobial agents suggest that high biliary excretion and minimal activity against
enterococci are likely to promote VRE colonization.48 VRE “colonization pressure”, defined
as the percentage of patients with asymptomatic VRE in stool or urine, is known to play an
important role in VRE transmission.49

Our data associating ceftriaxone use with VRE-BSI incidence on a local and hospital level
may represent an important opportunity to curb healthcare expenditure and patient mortality
from VRE infections through feasible and rational restriction of ceftriaxone. We are also
aware of data suggesting that restriction of ceftriaxone may also impact incidence of
Clostridium difficile infections, lending further support to the idea that selective restriction
of cephalosporins may have beneficial impact on infection control and healthcare related
infections.50,51 However, there are limitations to our investigation. As an ecologic study, we
do not have data on individual patients and cannot adjust for important clinical co-factors,
such as severity of illness or history of antibiotic exposure. The hospital formulary at the
University of Alabama is limited and some antibiotics that may promote VRE, such as
ticarcillin/clavulanate, were not used and could not be analyzed.48 In addition, some patients
may have been transferred into our institution with ongoing VRE bacteremia and would
have been included in our analysis. We were also unable to obtain reliable data on the
impact of antibiotics on the incidence of VRE colonization. In an attempt to quantify the
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relative risk of colonization and antibiotic DOT, we performed a post-hoc, pilot analysis of
VRE colonization in the medical ICU. After adjusting for days in the ICU and previous
hospitalization, ceftriaxone DOT was independently associated with increased risk of
incident VRE colonization (Odds Ratio 1.2, 95% Confidence Interval 1.01–1.3; p=0.046).52

Further study of the association between ceftriaxone and VRE-BSI should be conducted,
including adjustments for individual patient characteristics and comorbidities, systematic
and routine measures of VRE colonization, and detailed collection of antibiotic exposure
history.

Finally, antibiotic stewardship is not the only way to prevent VRE-BSI. Infection control
interventions (e.g. improved hand hygiene, barrier precautions) are a critical series of actions
that aim to interrupt person-to-person transmission.16 Despite these precautions, VRE is
increasing in US hospitals.53 Maintaining high rates of hand hygiene and diligent isolation is
challenging and expanded testing for persons asymptomatically colonized with VRE is not
routine.54 Thus, in conjunction with infection control efforts, improved methods of VRE
prevention are needed. We believe that data from our investigation should prompt
aggressive investigation of the impact of individual antimicrobials on the incidence of VRE
colonization and infection. Results from such investigations could identify pragmatic,
effective, and selective antibiotic stewardship protocols aimed to prevent the unacceptably
high human and financial costs associated with VRE-BSI infection.
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Figure 1.
Antibiotic Days of Therapy (DOT) per 1,000 patient days of care at the University Hospital
in Birmingham, Alabama plotted per year. A sharp decline in fluroquinolone DOT is noted
starting in 2004. This is co-incident with the initiation of antimicrobial stewardship
protocols limiting use of fluroquinolones. A sharp decline in Beta-lactamase inhibitors in
2006 was the result of nationwide shortages in piperacillin/tazobactam.
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Figure 2.
The number of patients with VRE bloodstream infections per 1,000 patient days of care
(shown in black) and antibiotic Days of Therapy (DOT) per 1,000 patient days of care
(shown in green) plotted per month. Hospital VRE-BSI incidence was log-linearly
associated with ceftriaxone DOT during the prior month (IRR of 1.38 per 10 DOT,
p=0.005). Residual analysis confirms that there is no trend in VRE-BSI incidence left
unexplained once the association with ceftriaxone DOT had been accounted for.
Unexplained VRE incidence was generally less than ±1 case per month.

McKinnell et al. Page 11

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2014 January 02.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
The number of patients with VRE bloodstream infections per 1,000 patient days of care
(shown in black) and antibiotic Days of Therapy (DOT) per 1,000 patient days of care
(shown in green) plotted per month. Cephalosporin (class) DOT were not predicitve of
VRE-BSI incidence (p=0.702), nor were other antibiotics tested (p≥0.4 for all comparisons)
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