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Name of Candidate Leon Scott Chavers

Committee Chair Ellen Funkhouser

Title Antimicrobial Exposure and Clinical Outcomes Associated with Vancomycin-

Resistant Enterococci

Since the 1980s, vancomycin-resistant enterococci (VRE) have emerged as im-
portant nosocomial pathogens. We conducted a review of VRE history, a matched case-
control study, and a retrospective follow-up study to investigate the epidemiology and
progression of VRE in hospitalized patients. We propose a model illustrating the pro-
gression of VRE from potential reservoirs to active disease in hospitalized patients. We
document clonal transmission of VRE. and we illustrate the limited therapeutic options
for VRE treatment by reporting VRE susceptibility 10 a wide array of antimicrobiais.

In the case-control study, antimicrobial exposure and VRE occurrence were
evaluated using two control groups: a vancomycin-susceptible enterococci (VSE) group,
to assess factors associated with development of VRE, and a non-enterococcus (Non-E)
control group, to assess factors associated with positive cultures for enterococci without
regard to vancomycin resistance. Controls were matched to 135 VRE cases by hospital
location, body site of culture, and date of culture within 30 days. After adjusting for the
effect of other antimicrobials, time at tisk, and patient morbidity, we found exposures to
imipenem (OR =4.9, 95% CI, 1.6-14.1) and ceftazidime (OR = 2.6, 95% CI, 1.1-6.1) oc-
curred more often in the VRE group than in the VSE group. Exposures to ampicillin (OR

=20.1, 95% CI, 1.5-263.1) and imipenem (OR = 5.1, 95% CI, 1.5-17.1) occurred more
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often in the VRE group than in the Non-E group. Neither piperacillin nor vancomycin

exposure occurred more often in the VRE group than in either of the two control groups.
In the retrospective follow-up study, a higher hospital mortality rate was observed ‘

in VRE patients than in VSE patients (P = 0.02). After adjustment for characteristics also

shown to be associated with mortality, vancomycin resistance (OR = 2.1; 95% CI, 1.1-

4.8) remained a significant predictor of hospital mortality.
In conclusion, our findings are salient to the control and elimination of vancomy-
cin resistance in enterococcus. Vancomycin resistance is an independent predictor of
hospital morbidity and mortality. Identifying patients at increased risk for VRE isolation
and utilizing antimicrobials with activity against enterococcus could substantially reduce ‘

the colonization and spread of VRE.
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INTRODUCTION

Vancomycin-resistant enterococci (VRE) were first identified in 1986. As the
proportion of enterococci that are resistant to vancomycin has increased steadily over the
years, VRE have emerged as important nosocomial pathogens. Additionally, VRE were
recently implicated in transfer of high-level vancomycin resistance to Staphylococcus
aureus. An understanding of the epidemiology and progression of VRE is paramount in
slowing VRE dissemination and preventing selection of vancomycin-resistant S. aureus
on a wide scale.

The existing literature indicates that the epidemiology of VRE within health-care
institutions 1s dependent on multiple factors. From this literature, we deveioped a model
for VRE emergence in the hospital setting that is expected to serve as a template for
identifying mutable factors that may serve as focal points for intervention. The review
also reports the clonal spread of VRE within a large, urban, teaching hospital, and des-
cribes the susceptibility of VRE to a large number of antimicrobials.

Questions remain as to the role of specific antimicrobial exposure in the epidem-
iology of VRE. A matched case-control study was conducted to assess the association
between exposure to specific intravenous antimicrobials and the isolation of VRE.

The increasing proportion of enterococcal isolates that are vancomycin resistant
may have a major impact on the mortality of hospitalized patients; however, the degree to
which VRE contributes to mprtality remains controversial and largely unexplored. A

retrospective follow-up study was conducted to determine the contribution of

1
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vancomycin resistance to patient mortality and to determine what factors affect the risk of
mortality for patients with VRE, while adjusting for disease severity and other factors
known to be associated with high hospital mortality.

Our findings and proposed model are salient to the control and elimination of
vancomycin resistance in enterococcus. The identification of patients at increased risk
for VRE isolation and the utilization of antimicrobials with activity against enterococcus

could substantially reduce the colonization and spread of VRE.
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ABSTRACT

Vancomycin-resistant enterococci (VRE) have emerged as important nosocomial
pathogens since the 1980s due to a wide array of complex factors. Since VRE were first
identified, the proportion of enterococci with resistance to vancomycin has increased
steadily, and VRE have been implicated in transferring high-level vancomycin resistance
to Staphylococcus aureus. We review the history of VRE and propose a causal model
illustrating the roles of exposure to VRE reservoirs, patient characteristics, antimicrobial
exposure, and prevalence of VRE in the progression from potential VRE reservoirs to
active disease in hospitalized patients. Differences in VRE colonization and VRE infec-
tion are discussed with respect to hospital surveillance methodology and implications for
interventions. We further document clonal transmission of VRE in a large, urban, teach-
ing hospital and demonstrate VRE susceptibility to a wide array of antimicrobial agents.
This model can guide tne identification of mutable factors that are focal points for inter-

vention.

INTRODUCTION
The year 2003 marks the fifteenth anniversary of the first published report of
clinical strains of vancomycin-resistant enterococci (VRE) [1]. Since that time, VRE
have emerged as important nosocomial pathogens, stimulating a large body of research to
elucidate the epidemiology and causal factors responsible for this progression in an or-
ganism not generally thought of as an especially virulent pathogen. This previous re-
search indicates that the appearance and spread of VRE within health care institutions are

dependent on multiple factors, some of which are amenable to targeted interventions. In
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this review, we present a model for VRE emergence based on prior investigations of

VRE epidemiology.

BACKGROUND

Vancomycin

Vancomycin is a tricyclic glycopeptide antibiotic derived from the actinomycete
Amycolatopsis orientalis. Vancomycin’s primary mode of bactericidal action in gram-
positive organisms involves disruption of peptidoglycan polymerization through binding
to peptides containing D-alanyl-D-alanine, the substrate of peptidoglycan synthetase.
Vancomycin was first produced in the late 1950s to treat staphylococcal infections, but it
was not heavily used until the late 1970s when methicillin-resistant Staphyvlococcus
aureus (MRSA) became prevalent. In 1995, the Centers for Disease Control and Preven-
tion (CDC) pubiished guideiines for appropriate use of vancomycir in hospitals as a di-
rect response to concerns regarding the development of vancomycin resistance in entero-
cocci and in other organisms, including the staphylococci [2]. Vancomycin is an appro-
priate therapeutic choice for treating MRSA, coagulase-negative staphylococci, and
meningitis due to Streptococcus pneumoniae with reduced susceptibility to beta-lactams,
as well as suspected gram-positive bacterial infections in persons who are allergic to
beta-lactams. Vancomycin may also be used for treating other conditions, including in-
fective endocarditis, and as prophylaxis against infection in patients undergoing cardiac
or vascular surgical procedures. Although once used for treating staphylococcal entero-
colitis and antibiotic-associated colitis, oral vancomycin use is strongly discouraged be-

cause of concerns over the increase in VRE. Increased use of vancomycin for empiric
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and directed treatment of MRSA infections has directly paralleled the emergence and
spread of VRE, and may be responsible for recent reports of vancomycin-resistant S.

aureus (VRSA) [3].

The Age of VRE

In 1986, the first clinical strains of VRE were isolated in England and France [1],
and one year later, the first VRE were documented in the United States (U.S.) [4]. Over
the years, the proportion of enterococcal isolates exhibiting resistance to vancomycin has
increased steadily. The National Nosocomial Infections Surveillance System (NNIS) re-
ported that the percentage of enterococcal isolates exhibiting vancomycin resistance in-
creased from 0.3% to 7.9% overall, and from 0.4% to 13.6% in intensive care units
(ICUs) in the U.S. between 1989 and 1993 [3]. By 1999, the percentage of ICU isoiates
exhibiting vancomycin resistance reached 25.2% of 1579 isolates tested. a 43%; increase
in the mean rate of resistance compared to the years 1994-1998 [6]. By the year 2000,
the percentage of vancomycin-resistant isolates reached 26.3% of 2575 isolates tested

from ICUs, representing a 31% increase in the mean rate of resistance compared to the

years 1995-1999 [7].

Mortality. The increasing proportion of enterococcal isolates that are vancomycin
resistant may have a major impact on the mortality of hospitalized patients [8]. However,
the degree to which VRE contributes to mortality has proven difficult to estimate because
of comorbidities often present with VRE. The question remains as to whether VRE ac-

quisition increases a patient’s severity of illness or whether a patient’s severity of illness
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increases the likelihood of VRE acquisition. One study estimated the mortality associ-
ated with VRE to be as high as 71% in ICUs, whereas mortality associated with vanco-
mycin-susceptible enterococci (VSE) has been estimated at 41% [9], despite similar se-
verity of illness scores. However, others have been unable to demonstrate an increased
mortality among persons with bacteremia due to VRE as opposed to VSE when adjust-
ments are made for severity of illness [10, 11], suggesting there is no increase in viru-
lence attributable to VRE.

The emergence and dissemination of VRE during the 1990s has also had a sig-
nificant impact on health care systems. Patients with VRE have been shown to have an
average length of stay of 34.8 days vs. 16.7 days for VSE, despite similar severity of ill-
ness scores, and patients with VRE had mean hospital costs of $27,000 per episode in

excess of those patients with VSE ($83.000 vs. $56.000) [9].

The VISA-VRSA-VRE connection. In 1996, the first reports of intermediate esis-
tance to vancomycin in S. aureus (VISA) with minimum inhibitory concentrations
(MICs) of 8 pg/ml were described from patients who received long-term vancomycin
treatments for MRSA [12]. In vitro studies had previously demonstrated the transfer of
vanA resistance genes from enterococci to S. aureus, S. epidermidis, and other gram-
positive organisms via plasmid-mediated conjugation [13, 14], so it was assumed initially
that this mechanism might have been operative. However, none of these isolates, or sub-
sequent isolates from the U.S. and other countries demonstrated the presence of van4 [15,
16]. Eventually it was determined that these initial VISA isolates possessed altered cell

walls that were apparently responsible for their relative insensitivity to vancomycin [17].
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In June 2002, the first documented case of infection caused by VRSA (MIC > 32 pg/ml)
was reported in a patient from the U.S. [18]. A surveillance culture also identified con-
comitant infection as a result of VRE. This VRSA isolate contained the vand gene,
which suggests that the resistance determinant might have been acquired from VRE. Be-
cause the initial VISA isolates had reduced susceptibility to both vancomycin and teico-
planin, they have also been referred to as glycopeptide intermediate-resistant S. aureus
(GISA). The identification of VRSA, GISA, and VISA has substantial implications for
patient morbidity and mortality because of the limited therapeutic options for treating
these infections. The potential for VRE to pass genes conferring vancomycin resistance

to S. aureus underscores the importance of understanding VRE epidemiology [18].

The Organism and Iis Habitat

The preferred ecologic niche of enterococci is the intestine. These organisms
have been identified in humans and many animals, as well as on outdoor vegetation and
in surface water. The presence of VRE on outdoor vegetation and in surface water is
may be attributed to contamination of these areas by animal excrement or untreated sew-
age [19]. Enterococci are extremely hearty organisms that are able to survive under envi-
ronmental conditions often deleterious to other organisms. They tolerate a wide range of
environmental conditions: temperature ranges of 10°C to 45°C; hypotonic and hyper-
tonic; acidic and alkaline; and anaerobic and aerobic conditions [20, 21]. Enterococci
also have the ability to tolerate sodium azide and concentrated bile salts, which kill or
inhibit the growth of most microorganisms. Their ability to colonize persons for long

periods [22-25], often without ill effects, to survive on inanimate objects [22, 24-37], and
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their intrinsic resistance to many antimicrobial agents [38] guarantee their success as
nosocomial pathogens. The resilience of enterococci under hostile environmental condi-
tions enables colonization of areas uninhabitable by other organisms and increases the

number of potential enterococcal reservoirs [19].

Clinical Epidemiology

The species distribution of clinical enterococcal isolates varies both internation-
ally [39] and between health care facilities, depending on the characteristics of the health
care facility, infection control practices, and antimicrobial use [6, 7, 40-46]. Historically,
E. faecalis accounted for approximately 90% of all enterococcal isolates; however, the
decreasing susceptibility of E. faecium to vancomycin and ampicillin has resulted in an
increasing proportion of E. jaecium and a decreasing proportion of E. jaecalis [47]. Ac-

cording to 1997-1999 data from the SENTRY Anumicrobial Surveillance Program. £.

faecalis accounted for between 57.2% and 76.8% of clinical isolates in the U.S., Canada.

Latin America, Europe, and Asia-Pacific [39]. E. faecium accounted for between 4.6%
and 19.3% of clinical isolates, while other species accounted for less than 5% of entero-
coccal isolates.

According to NNIS data from January 1992 to July 1998 [42], Enterococcus spe-
cies was the fourth most common pathogen associated with nosocomial infection in in-

tensive care unit (ICU) patients. Among ICU patients, enterococci ranked first in surgi-

cal site infections, and third in urinary tract infections and blood stream infections (BSIs).

According to the Surveillance and Control of Pathogens of Epidemiologic Importance

program, Enterococcus species accounted for 11.7% of all blood stream isolates in 1996
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[48]. In 1997, the SENTRY Antimicrobial Surveillance Program showed that entero-
cocci were the forth most common cause of nosocomial BSIs in the U.S. and Canada, ac-
counting for 9.1% to 9.6% of BSIs; however, enterococci were identified in only 2.9% of

BSIs in Latin America [39].

Antimicrobial Resistance and Therapeutic Alternatives

Enterococci present a therapeutic challenge because no single agent is bacteri-
cidal and because enterococci are to some degree intrinsically resistant to all cephalospo-
rins, clindamycin, trimethoprim, sulfonamides, and to low levels of aminoglycosides
[49]). Many enterococci have adapted to antimicrobial exposure in the gastrointestinal
tract by acquiring resistance to penicillins, erythromycin, tetracycline, and high levels of
aminoglvcosiass. as well as vancomycin [50. 51]. The propensity of enterococci to ac-
quire resistance may relate to their ability to participate in various forms of conjugation.
which can result in the spread of genes as part of conjugative transposons, pheromone-
responsive plasmids, or broad host-range plasmids [51]. Although the great majority of
E. faecalis isolates still exhibit some susceptibility to ampicillin and penicillin, over 70%
of E. faecium may be resistant to these agents, even if vancomycin susceptibility is
maintained [38, 52, 53]. Beta lactamase-mediated penicillin resistance has been reported
in enterococci, but most resistance to beta-lactams is by reduced affinity of penicillin
binding proteins [54]. Ureidopenicillins, such as piperacillin, are more active against
enterococci than are carboxypenicillins, such as ticarcillin, but are generally less active

than ampicillin or penicillin G. High-level resistance to gentamicin and/or streptomycin

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




11

also occurs in some isolates, further limiting treatment alternatives for serious infections
[38, 55, 56].

Before the availability of the streptogramins quinupristin-dalfopristin and the
oxazolidinone linezolid, there were often no drugs to which VRE were susceptible in vi-
tro. Recent susceptibility data from the University of Alabama at Birmingham (UAB)
Hospital and the Birmingham Veterans Affairs Medical Center (BVAMC) underscore the
scarcity of available drugs to treat VRE infections (table 1). Although still extremely
rare, VRE with resistance to linezolid [57] or quinupristin/dalfopristin [58] have been de-
scribed. As these drugs achieve wider usage, further development of resistance can be

anticipated.

Table 1. Comparative in vitro susceptibilities of 17 antimicrobials against 185
vancomycin-resistant E. faecium

0 0

7o %0 %

Antimicrobial MIC* 90% Susceptibie Intermediate  Resistant
Vancomycin >128 0 0 100
Imipenem >32 0 0 100
Ticarcillin/Clavulanate > 128/2 0 0 100
Piperacillin/Tazobactam > 128/4 0 0 100
Penicillin >32 0 0 100
Erythromycin > 16 0 0 100
Tetracycline = 32 17.7 35 78.8
Nitrofurantoin >128 12.4 243 63.3
Chloramphenicol =16 74.6 20.5 4.9
Rifampin =16 66.5 7.5 26
Ciprofloxacin >16 1.6 ; 0 98.4
Levofloxacin > 16 2 0.5 97.5
Gatifloxacin >16 1 1.6 97.4
Quinupris- _

tin/Dalfopristin =03 100.0 0 0
Linezolid =2 100.0 0 0
Gentamicin 500 pg > 500 15 NA 85
Streptomycin 1000 pg > 1000 2.7 NA 97.3

NOTE. Susceptibility interpretations were based on 2002 NCCLS breakpoints
[59]; MIC, minimum inhibitory concentration.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




12

-—

The hardiness of enterococci likely adds to their ability to develop resistance by
facilitating survival in the gastrointestinal environment and thus enhancing the potential
spread from person to person as a multidrug-resistant clone. The combination of these
attributes suggests that enterococci and their resistance to antimicrobial drugs will con-

tinue to pose a serious challenge for the health care field [38].

Mechanisms of Vancomycin Resistance

Five phenotypes of vancomycin resistance have been described in enterococci:
VanA, VanB, VanC, VanD, and VanE [55]. Of the five phenotypes, the VanA and VanB
are the more clinically relevant. Both VanA and VanB phenotypes result from the acqui-
sition of new genetic determinants of resistance carried on transposon Tn /546. The ori-
gin of these genes remains unknown. but one potential source could be the organisms that
produce glvcopeptides [60]. Both phenotypes are most frequently found in E. faecium
and E. faecalis. Enterococci with VanA resistance possess high-level resistance to van-
comycin (MIC >128 pg/ml) and teicoplanin (MIC >16 pg/ml). Exposure to glycopeptide
and non-glycopeptide agents induces the synthesis of several proteins encoded in these
genetic determinants that together confer resistance by preventing the binding of vanco-
mycin to its substrate [53].

Enterococci with VanB resistance possess a broad range of resistance to vanco-
mycin (MIC = 4-1,024 pg/ml), and are susceptible to teicoplanin (MIC < 0.5 pg/ml). A
constitutive, non-transmissible, chromosomal-based VanC resistance predominantly oc-
curs in commensal species such as E. casseliflavus and E. gallinarum, although VanA has

also been described in the latter species [55]. This type of resistance is typically of lower
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magnitude than that mediated by VanA or VanB and results in MIC of 8-16 pg/ml. Be-
cause this type of vancomycin resistance has epidemiologic and disease implications dif-
ferent from those of VanA and VanB mediated resistance, it is particularly important for
diagnostic laboratories to have adequate methods in place to accurately speciate entero-
cocci and to quantitate their MIC to vancomycin. Recent data from UAB and BVAMC

showed that among 198 VRE, 196 were E. faecium containing vand, and only two were

E. faecalis containing vanB.

PROPOSED CAUSAL MODEL FOR VRE

In the proposed model (figure 1), a VRE-negative patient is exposed to VRE
through one of several reservoirs (A). The patient may or may not become inoculated
witin VRE, depending. in part. on the characteristics of the patient (B), the route of expo-
sure, and the level of exposure. The VRE inoculum may then increase in density de-
pending on patient characteristics (B) and antimicrobial exposure (C). The increasing
VRE density may lead to the patient remaining at the colonization level, or may lead to
the development of disease attributable to VRE, again influenced by intrinsic patient
characteristics. Patients colonized or infected may then serve as reservoirs for exposing
VRE to VRE-negative patients. Transmission is mediated by factors such as patient
characteristics (B), antimicrobial use (C), and the prevalence of VRE within the hospital

(D). Each of these components in the model is discussed in the following sections.
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A. Exposure to VRE B. Patient characteristics C. Antimicrobial exposure D. Prevalence of VRE
1. Infected/colonized patients 1. Chronic renal failure 1. Vancomycin
2. Contaminated environmental 2. Renal insufficiency 2. Extended spectrum
surfaces 3. Organ transplant recipicnts cephalosporins
3. Contaminated medical 4. Neutropenia 3. Antianaerobic antimicrobials
equipment 5. Liver disease 4. Fluoroquinolones
4. Hands of health care workers 6. Prolonged hospitalization
5. Invasive procedures 7. ICU admission
6. Enteral tube feedings 8. Prolonged ICU stay
7. Community exposures 9. Intra-hospital transfer
10. Patient overall health

Figure 1. Proposed model for the progression of a VRE-negative patient to VRE colonization or disease; VRE,
vancomycin-resistant enterococci; ICU, intensive care unit.
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Exposure to VRE Reservoirs (4)

The emergence of VRE through bacterial mutation caused by antibiotic exposure
is unlikely because of the complexity of the genetic sequences that are necessary to con-
fer vancomycin resistance. The increase in VRE prevalence in U.S. hospitals during re-
cent years is largely due to clonal spread of VRE to hospitalized patients from potential
reservoirs (A). The number of clones within a hospital appears to be related to the length
of time VRE is present. Investigations that detected VRE in the early stages of an out-
break generally identified cases caused by a single strain. As VRE become endemic over
time, multiple clones are encountered. These multiple clones may include a primary
clone coexisting with unrelated strains.

In the U.S., hospitalized patients colonized or infected with VRE appear to be the
primary reservoirs for the transmission of VRE within the institutional setting. In an in-
vestigation of a monoclonal outbreak of £. faecium in an ICU, Boyce et al. [61] reported
the primary nisk factors for colonization were proximity to another VRE colonized patient
and exposure to a nurse who cared for a case on the same shift. A prospective longitudi-
nal cohort study by Bonten et al. [62] of mechanically ventilated patients in an ICU re-
ported that cross-transmission accounted for 85% of colonization among patients initially
free of VRE.

Among 185 non-duplicate VRE from UAB and the adjoining BVAMC isolated
between 1997-2000, we identified 65 unique pulsed-field gél electrophoretic (PFGE)
patterns, each representing a single strain. The remaining 120 isolates (65%) were com-
posed of at least 34 distinct clones containing 2 to 14 isolates each. These findings indi-

cate the apparent spread of individual VRE strains within and between the two adjacent
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institutions. Analysis of medical records of patients from whom clonal VRE isolates
were obtained revealed significant geographic and temporal associations among these
patients. When compared to non-clonal VRE isolates, patients infected by organisms
from the same clone were 8 times as likely to have been in the trauma/bum or rehabilita-
tion units, or have had contact with another person with the same clone who had a history
of transfer from the trauma/burn or rehabilitation units (P = 0.04). Figure 2 shows a den-
drogram and PFGE patterns for the VRE isolates from 14 patients representing the largest
single clone that persisted at UAB from 1997 through 1999.

Potential reservoirs for VRE exposure may also include contaminated environ-
mental surfaces and medical equipment. Environmental surveillance in hospitals has
documented VRE contamination of hospital gowns, doors, cabinets, tables, telephone
headsets, floors. bedrails. urinals, bedpans. 10ilet seats. beds. bed linen, glucose meters,
intravenous pumps, electrocardiogram-monitor leads. stethoscope diaphragms, ear-probe
thermometers. and biood pressure cuffs [22, 24-37]. Survival of VRE on inanimate ob-
jects and medical devices for up to 4 days has been reported [22-25]. However, the con-
tribution of environmental contamination within the hospital as a reservoir of VRE
transmission has not been quantified. Two studies have directly implicated medical de-
vices as the source for VRE transmission [29, 32]. Bonten et al. [62] designed a study to
evaluate the role environmental contamination plays in VRE transmission. They found
that contamination of the environment was transient and that low numbers of colony-
forming units were present on each surface. Contact of susceptible patients with the
hands of health care workers has been shown as an important determinant in VRE trans-

mission [22, 28, 62]. VRE have been isolated from the hands of health care workers in 0
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Figure 2. Pul:se field gel electrophoresis (PFGE) patterns and dendrogram of a
single clone of VRE isolated from 14 patients at University of Alabama at Bir-
mingham Hospital. Five isolates were from 1997; 8 isolates were from 1998; and
1 isolate was from 1999. Patterns were generated using PFGE on Smal digested
genomic DNA and the dendrogram produced using Pearson correlation in Gel-
Compar II (Applied Maths, Kortrijk, Belgium).
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to 41% of the hands sampled [27, 28, 63, 64]. Experimental evaluation indicates VRE
.may contaminate fingers for up to 60 minutes after inoculation [22]. Further studies
indicate that health care personnel practiced appropriate hand hygiene only 48% of the
time when hand-washing facilities were available [65].
VRE reservoirs outside of the hospital environment have also been identified.

These reservoirs were first suspected when with VRE were detected in hospitalized pa-
tients from the United Kingdom who had not been previously hospitalized {66]. The
common link for several of these patients was residence on farms with livestock
colonized with VRE. Subsequent surveillance has identified VRE from both poultry and
pork in several European countries. The presence of VRE in farm animals may be due to
the incorporation of additives to animal feed [67-70]. Avoparcin, a glycopeptide struc-
turally similar to vancomycin and teicoplanin. was used to promote growth and feed utiii-
zation for many years until its use was banned by the European Union in 1997 [71, 72].
Strains of E. faecium with decreased susceptibility to avoparcin have been shown to be
resistant to vancomycin as well, suggesting that resistance may be mediated by the same
gene. In the U.S,, avoparcin was not licensed as a feed additive for animals, and limited

surveillance has not yet detected the presence of VRE in animals.

Patient Characteristics (B)

Patients with chronic renal failure or other renal insufficiency, neutropenia, can-
cer, receipt of organ transplant, and lower overall health appear to have an elevated risk
for VRE [5, 25, 26, 29, 31, 63, 73]. Other patient characteristics identified to be associ-

ated with VRE are prolonged hospitalization [24, 35, 63], prolonged ICU stay [74, 75],
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intra-hospital transfer [63], and the use of enteral tube feedings [35]. Risk factors spe-
cifically associated with VRE infection as opposed to colonization include the following:
malignancy; increased morbidity as measured by an increased Acute Physiology and
Chronic Health Evaluation (APACHE) II score; neutropenia; longer hospital stay, renal
insufficiency, and hospitalization on a hematologic malignancy/bone marrow transplan-

tation service (reviewed in [55]).

Antimicrobial Exposure (C)

The density of VRE is a function of the antimicrobial pressure exerted by antimi-
crobials within a given anatomic compartment. Antimicrobials may result in increased
VRE density when a particular antimicrobial concentration results in a differential growth
rate of VRE by inhibiting the growth of organisms competing for nutrients within the
same niche. Factors that determine the ability of an antimicrobial 10 inhibit growth of
VRE in the intestinal tract include the concentration of the antimicrobial in its active form
and the susceptibility of the enterococci to it. The bioavailability of the active form of an
antimicrobial in the intestinal tract is influenced by biliary or colonic excretion and by the
. degree to which the antimicrobial is degraded in the intestine {76]. Theoretically, antimi-
crobials that are excreted in high concentrations in bile and have modest activity against
VRE may inhibit small inocula of VRE in the small intestine and prevent colonization. A
good example of such an agent is piperacillin. Piperacillin achieves bile concentrations
of more than 1000 pg/ml afier a 4 g intravenous dose in adults; minimum inhibitory con-
centrations of many VRE strains are below this level [56]. An antimicrobial may inhibit

one enterococcal strain but not another, depending on the susceptibility patterns of the
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different strains. For instance, oral vancomycin therapy will inhibit VSE strains in the
bowel, but not VRE, resulting in the replacement of susceptible enterococcal strains by
VRE [38].

Although the role of antimicrobials in the epidemiology of VRE has been studied
extensively, many controversies remain (reviewed in [77]). Antimicrobials that have
been implicated in VRE emergence are vancomycin, extended spectrum cephalosporins,
antianaerobic agents such as metronidazole, and fluoroquinolones. The use of oral van-
comycin has been hypothesized to contribute to the increase in VRE prevalence [28, 78].
In fact, the first documented case of VRE was identified in a patient who received oral
vancomycin [1]; however, epidemiologic data on the association between oral vancomy-
cin use and VRE are limited because the use of oral vancomycin therapy has decreased in
recent vears.

Numerous studies have documented the association between intravenous vanco-
mycin use and VRE [11, 24, 64, 75. 79-87], whereas others have found no association
[26, 62, 76, 88-97]. The discrepancies in these findings appear to be due to differences in
study design, confounding by length of hospital stay, and, presumably, publication bias,
(i.e., positive associations may be more likely to be accepted for publication in peer-
reviewed journals than null results [77]). Studies that had control groups representative
of the population that gave rise to the VRE colonized or infected patients and that ad-

justed for length of hospital stay typically revealed that intravenous vancomycin use was
not associated with the isolation of VRE. Length of hospital stay is an important con-
founder in the association between vancomycin use and VRE. As the length of hospital

stay increases, the probability of exposure to VRE increases. Likewise, as the length of
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hospital stay increases, the probability of exposure to vancomycin increases. Studies not
adjusting for length of hospital stay tend to give a biased estimate of the association be-
tween vancomycin use and VRE. A recent study was conducted at UAB that was suffi-
ciently powered to evaluate the contribution of intravenous vancomycin exposure and
VRE occurrence in 135 patients with VRE and 135 matched controls with VSE. After
carefully adjusting for patient comorbidities and length of stay, we found no association
between intravenous vancomycin exposure and VRE [98].

Extended-spectrum cephalosporin use has been identified in many studies as an
important risk factor for VRE [24, 62, 79, 87, 99-105]. Ostrowsky et al. [91], after ad-
justing for length of hospital stay, showed that extended-spectrum cephalosporin use was
the only antimicrobial exposure associated with VRE in multivariable analysis. A meta-
analysis of 19 studies evaluating the association between antibiotic exposure and VRE
colonization or infection demonstrated a significant association between receiving ex-
tended-spectrum cephalosporins and VRE colonization (OR = 3.4; 95% CI, 2.3-5.0) (re-
viewed in [77]). The association between extended-spectrum cephalosporin use and VRE
has also been demonstrated in studies that evaluated formulary restrictions of cephalospo-
rins on VRE colonization or infection. Bradley et al. [106] reported a decrease in VRE
infection and colonization rates in an oncology unit when ceftazidime was replaced with
piperacillin-tazobactam. Smith et al. [107] also reported a decline in VRE prevalence
when piperacillin-tazobactam was substituted for cephalosporins. May et al. [108] re-
ported an eradication of all VRE infections when piperacillin-tazobactam was substituted
for cephalosporins in the trauma/burn unit of the UAB hospital. Finally, Nourse et al.

[104] reported a complete eradication of VRE infection and transmission with the restric-
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tion of cephalosporins and glycopeptides. Although the decrease in VRE with formulary
interventions has been repeatedly demonstrated, the cauéal association is difficult to esti-
mate because these interventions are often implemented simultaneously with interven-
tions targeting VRE transmission. Additional studies at UAB Hospital have shown that
the use of ceftazidime, but not cefotaxime or cefazolin, was associated with occurrence of
VRE [98].

The use of antianaerobic agents, such as metronidazole, imipenem, and piperacil-
lin-tazobactam, has also been implicated as a risk factor for VRE [24, 79, 86, 109-112],
but the methods of classifying antianaerobic agents have differed among these studies. In
the meta-analysis of 14 studies evaluating the association between antianaerobic agents
reviewed by Harbarth [77], a significant association was found between receiving antian-
acrobic agents and VRE colonization or infection (OR = 2.6: 95% CL. 2.0-3.4). Donskev
et al. [109] reported an increase in the density of VRE stool colonization with treatment
with antianaerobic antimicrobials. They also found that imipenem and piperacillin-
tazobactam were associated with increased VRE stool density. These agents have rarely
been identified as risk factors for VRE colonization because of their antienterococcal ac-
tivity. This finding may be due to the inclusion of study patients already colonized with
VRE and may not be generalizeable to other patient populations. In a population at UAB
that was not limited to patients already colonized with VRE, we identified imipenem as
the antimicrobial agent most strongly associated with VRE [98]. In contrast, piperacillin-

tazobactam showed no association in this study, which was sufficiently powered to detect

a 2-fold association had one been present.
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A limited number of studies have examined the association between fluoro-
quinolones exposure and VRE colonization. Unlike vancomycin, extended-spectrum
cephalosporins, and antianaerobic agents, most fluoroquinolones used over the past sev-
eral years have relatively poor antianaerobic activity and therefore should not promote
increases in VRE density [113], an observation we have confirmed independently [98].
There is evidence, however, that the effect of fluoroquinolones on the fecal flora may be
more pronounced in special patient populations, such as bone marrow transplant recipi-

ents and patients undergoing gastrointestinal surgery, than in other populations [114].

Colonization vs. Disease

A distinction must be made between colonization with VRE and infection with
VRE. Infection occurs when a patient carries VRE and presents with clinical signs or
svmptoms of disease. whereas colonized patients lack the signs or svmptoms evident in
V RE infection. Colonization is most frequently observed in the gastrointestinal tract and
to a lesser extent the urinary tract. The distinction between colonization and infection is
important for VRE surveillance and for estimation of disease burden and overall VRE
prevalence within an institution as illustrated in the proposed casual model (D). Colo-
nized individuals are potential reservoirs for transmission of VRE and should be identi-
fied and included in infection control measures because they constitute a major route of
exposure. These patients may remain colonized for weeks, months, or even years be-
cause of the asymptomatic nature of the colonization. Patients with intestinal coloniza-
tion are at increased risk for developing infection with VRE, and are a potential source

for spread of VRE to the hands of health care workers, to the environment, and to other
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patients, especially if they are fecal-incontinent and/or have diarrhea [61]. The preva-
lence of VRE colonization or infection in a hospital was identified as the most important
factor in the spread of VRE [115]. Once the prevalence of VRE exceeds 50%, the other
hypothesized predictors of median time to colonization have only a slight effect. When
the prevalence of VRE reaches this magnitude, lapses in infection control practices are
more likely to result in cross-transmission of VRE.

Patients with higher concentrations of VRE in their feces present a potentially
greater risk for spread of VRE. Green et al. [116] reported that approximately 60% of
liver-transplant patients remained colonized for 12 weeks or more, and Livornese et al.
[29] found a majority of patients remained colonized for more than 3 months. Lai et al.
[117] reported that two patients were colonized for at least 281 days. Hospital workers
themselves do not appear to be a significant reservoir for VRE. but have been implicated

in the spread of VRE from one patient to another via hand carriage [23. 24. 61, 118].

PREVENTION AND CONTROL OF VRE
As exhibited by our VRE causal model, prevention and control measures have

several points for potential intervention. Effective VRE prevention and control must in-
corporate many elements in order to halt the progression of VRE reservoirs to non-
colonized patients. Central to VRE prevention are: (1) timely screening of all enterococ-
cal isolates for vancomycin resistance and prompt reporting of vancomycin resistance by
the clinical laboratory using methods shown to be accurate and reliable; (2) instituting
and mandating compliance with infection control measures known to reduce spread of

VRE among patients in the hospital and ambulatory care settings, including identification
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of colonized patients by appropriate screening procedures and by flagging charts of re-
admitted persons who had VRE in prior hospitalizations; (3) education of hospital per-
sonnel including physicians nurses, pharmacists, laboratory personnel, other healthcare
workers, ancillary personnel, students, patients, and families; and (4) judicious antimi-
crobial use, not limited to vancomycin, but also including other agents known increase

VRE density, specifically cephalosporins, and antianaerobic agents.

CONCLUSION

History has demonstrated that VRE have been and will remain a problem in the
hospital setting. Once a drug-resistant nosocomial pathogen, such as VRE, that is easily
transmitted from person to person becomes endemic in an institation, it is never com-
pletely eradicated and is likely to continue to increase in prevalence over time. With the
recent emergence of high-level vancomycin resistance in S. aureus, the control of VRE
has taken on even greater importance. An understanding of the epidemiology and pro-
gression of VRE from colonized/infected patients to uncolonized patients is paramount in
slowing VRE dissemination. Continued reliance on antimicrobials alone in controlling
VRE has become an outdated infection-control measure, as evidenced by the fact the re-
sistance in both VRE and MRSA has already been documented in the oxazolidinone line-
zolid. The age of antimicrobial resistance officially began the day the first antimicrobial
agent was administered, and will remain with us through the indefinite future. Only
through prompt attention to detection of new cases of VRE colonization and disease, and

through rigorous institutional infection control, pharmacy, and educational policies can
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we hope to maintain control of this pathogen and prevent the emergence of VRSA on a

wide scale.
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ABSTRACT

Since the 1980s, vancomycin-resistant enterococci (VRE) have emerged as im-
portant hospital-acquired pathogens in the United States. This study evaluated the asso-
ciation between a variety of intravenous antimicrobial exposures and the isolation of
VRE.

Antimicrobial exposure and VRE occurrence were evaluated using two control
groups: a vancomycin-susceptible enterococci (VSE) group, to assess factors associated
with development of VRE, and a non-enterococcus (Non-E) control group, to assess fac-
tors associated with positive cultures for enterococci without regard to vancomycin re-
sistance. Both sets of controls were matched to 135 VRE cases by hospital location,
body site of culture, and date of culture within 30 days. Odds ratios (OR) and 95% con-
fidence intervals (CI) were computed.

After adjusting for the effect of other antimicrobials. time at risk, and patient
morbidity, exposure to imipenem (OR=4.9, 95% CI: 1.6-14.1) and ceftazidime (OR =
2.6, 95% CI: 1.1-6.1) occurred more often in VRE cases than VSE controls. Exposure to
ampicillin (OR = 20.1, 95% CI: 1.5-263.1) and imipenem (OR = 5.1, 95% CI: 1.5-17.1)
occurred more often in VRE cases than in Non-E controls. Neither piperacillin, nor van-
comycin occurred more often in VRE cases than in either control group.

Our study offers further evidence that replacing broad-spectrum cephalosporins

with extended-spectrum penicillins, specifically piperacillin, may be effective in reducing

VRE.
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INTRODUCTION

Since first identified in 1986, VRE have emerged as important hospital-acquired
pathogens in the United States. Patients with VRE have experienced higher mortality,
longer hospital stays, and increased hospital charges than have patients with vancomycin-
susceptible enterococci (VSE) [1]. Increased VRE prevalence has been linked to cross-
transmission from the hands of health care workers, contaminated equipment, and con-
taminated environmental surfaces [2-5]. Excessive use of antimicrobials has been identi-
fied as one of the most important modifiable risk factors for VRE occurrence within the
hospital [6, 7]. Antimicrobial agents with differential activities against competing or-
ganisms in the gastrointestinal tract may select for increased density of VRE. The identi-
fication of individual antimicrobial agents or individual classes of drugs as risk factors
may lead to interventions or to restriction of antimicrobial use that could decrease the
emergence of VRE [8].

While it is clear that use of antimicrobials plays an important role in the occur-
rence of VRE, many controversies remain [9]. In particular, the impact of the use of van-
comycin, piperacillin with or without tazobactam, and imipenem on the growth of VRE
remains uncertain. Conflicting results may be due to small study sizes [10], the use of
control groups that are healthier than cases [11], and lack of adjustment for potential con-
founders [9]. The purpose of our study was to evaluate the association between exposure
to specific intravenous antimicrobial agents and combination of agents, and the isolation

of VRE using a more rigorous case-control design.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




39

METHODS
Study Design
We conducted a hospital-based case-control study in a large (greater than 800
beds), urban, tertiary-care teaching hospital using risk-set sampling of controls. Between
January 1998 and August 2000, 1486 Enterococcus faecalis or E. faecium isolates repre-
senting 858 patients were identified. We identified both cases and controls from this

population using the clinical microbiology laboratory computerized database.

Bacterial Identification and Susceptibility Testing
Enterococcus identification and susceptibility testing was performed using stan-

dard biochemical procedures and broth microdilution in the MicroScan WalkAway 96
(Dade MicroScan, West Sacramento. CA). Minimum inhibitory concentrations (MIC)
were interpreted according to breakpoints established by the National Center ror Clinical
Laboratory Standards that were in effect during the time the study was performed [12].
Enterococci with vancomycin MIC > 32 pg/ml were designated as VRE, whereas those
with MICs < 4 ug/ml were designated as VSE. Occasionally, E. casseliflavus and E.
gallinarum are detected in clinical specimens and demonstrate intermediate resistance to
vancomycin (MIC 8-16 pg/ml). Because these organisms are usually commensals and
are rarely associated with true infection, and because this type of chromosomally-
mediated resistance is not considered transmissible within the hospital setting, these spe-
cies were excluded from the study. No E. faecalis or E. faecium with intermediate MIC
for vancomycin were included in the analyses. Laboratory policy mandates that all sites,

including urine, are identified only to genus level. However, all isolates, regardless en-
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terococci from sterile sites be identified to species level, whereas isolates from non-sterile
of origin, are screened for vancomycin resistance using brain heart infusion agar con-
taining 6 pg/ml vancomycin (Remel, Inc., Lenexa, KS). Organisms that grow on this me-
dium are then identified to species level using the MicroScan WalkAway 96 as previ-
ously described. The magnitude of vancomycin resistance is confirmed for all isolates
using the agar gradient diffusion (Etest) technique (AB BIODISK, Solna, Sweden),

which measures MIC up to 256 pg/ml.

Cases

Individuals from which VRE were isolated were eligible cases. A master list of
all potential cases was compiled from the laboratory database and checked for duplicates.
Patients with isolates initially susceptibie to vancomyein. but from whom VRE were sub-
sequent]y isolated were included as eligible cases. Among the 858 patients with entero-
coccal isolates reported by the microbiology laboratory during the study period, 174 had
1solates with vancomycin MICs > 32 pg/ml. Of these 174 patients, 39 had cultures col-
lected within 72 h of hospital admission. These 39 patients were considered to have

community-acquired VRE, possibly related to prior hospitalization, and were excluded

from the sample, resulting in 135 VRE cases.

Controls
Among the 858 patients with culture-confirmed E. faecium or E. faecalis, 684 had
VSE. There were 656 patients identified as having VSE from cultures collected after 72

h of admission who were suitable for inclusion as potential controls in the VSE control
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group. A second control group was selected from 2,561 potential controls who were

found to be negative for enterococcus by culture. The 2,561 potential enterococcus-

| negative controls (Non-E) were identified after removing individuals cultured within 72 h
| of hospital admission. Each potential control was matched to the case according to loca-
tion within the hospital, by body site of specimen collection, and by specimen collection
date within 30 days. Incidence density sampling was used to select controls from each
group; that is, one patient was randomly selected from each pool of matched potential

controls to serve as the control for the case [13, 14]. The VSE control group was used to

assess factors associated with development of VRE. The Non-E control group was used
to assess factors associated with positive cultures for enterococci without regard to van-

comycin resistance.

I'ariables

Medical record numbers for cases and controls were used to link microbiology
laboratory data to hospital records to obtain information on hypothesized risk factors.
Factors hypothesized to be associated with development of VRE were antimicrobial ex-
posure, patient demographic characteristics, underlying illnesses and severity of illness,
invasive procedures, and length of time at risk. All intravenous antimicrobial agents used
by >5% of the study population within the designated time period were evaluated as po-
tential risk factors for development of VRE. Length of timé at risk was defined as the
time between date of hospital admission and date of culture. Severity of illness on the
date of specimen collection was estimated using the Acute Physiology, Age, Chronic

Health Evaluation [II (APACHE IIT) morbidity score [15]. The calculation of the
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APACHE III score was based on the most severe values within 24 h of the day of inter-

est.

Statistical Analyses

Data analyses were performed using SAS software, release 8.0 (SAS Institute
Inc., Cary, North Carolina). The distribution of all hypothesized risk factors were ob-
tained for VRE cases andA for each set of controls. The primary statistical analysis was
conditional logistic regression. Two sets of analyses were conducted. In one set of
analyses, the dependent variable indicated the isolation of VRE from patients compared
with VSE isolation. In the second set of analyses, the dependent variable indicated the
isolation of VRE from patients compared with no enterococcus isolation. Each hypothe-
sized risk factor for VRE isolation was evaluated individually using a univariable condi-
tional logistic regression model. The effect of each antimicrobial exposure on VRE iso-
lation was evaluated using a single multivariable model that simultaneously adjusted for
exposure to other antimicrobials, time at risk of greater than 7 days, and an APACHE III
score greater than 50. Odds Ratios (OR) and 95% confidence intervals (CI) were calcu-
lated. Statistical significance was indicated by 95% CI excluding the null value of 1.

Human subject use and research design were reviewed and approved by the University of

Alabama at Birmingham Institutional Review Board.

RESULTS

Study Population

VRE were isolated from the urinary tract (40%), blood or other sterile body fluids

(37%), wounds (14%) and stool (9%). VRE were identified from both intensive care

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




43

(ICU) (38%) and non-intensive care units. Both control groups had the same distribution

for body site of isolates and ICU status because of the matching of the controls to cases
based on these characteristics. There was no significant difference in the distribution of
cases and controls with respect to age, sex, payer status, or hospital service (table 1). The

distribution of antibiotic exposure among VRE cases and each control group is shown in

figure 1.

Underlying illness

Hematologic malignancy was the only underlying illness to be significantly more
common in VRE cases than in VSE controls. VRE cases were more likely than Non-E
controls to have a time at risk longer than 7 days, an APACHE III greater than 50, con-

gestive heart failure, cellulitis. and urinarv tract infections (tabie 2).

Procedures

Both lumbar puncture and thoracenteses were performed significantly more often
in VRE cases than in VSE controls (table 3). There were 10 thoracenteses procedures
among VRE cases and none among VSE controls (P < 0.01). VRE cases were more
likely than were Non-E controls to have had a lumbar puncture, abdominal surgery, and

skin or wound debridement prior to specimen collection date.

Antimicrobial use

VRE was significantly associated with receiving imipenem or ceftazidime in the

univariable and multivariable models (table 4). No other associations were observed with

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




‘uoissiwiad noyum paqgiyosd uononpoidas Jayund “Jaumo JybuAdoo ay jo uolssiwliad yum paonposday

Percent

50

Figure 1. Percentage of 135 VRI cases. 135 VSE controls, and 135 Non-E controls
exposed to each antimicrobial; VRE, vancomycin-resistant enterococci; VSE, vancomycin-
susceptible enterococci; Non-E, no enterococci identilied.
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Table 1. Comparison of demographic characteristics of 135 cases (VRE) and 135 matched controls (VSE and Non-E).

VRE ~___VSE Non-E

Characteristic N % N % OR@®5%Cl N % OR(@O5%CI
Age distribution

<45 years of age 37 (27 33 (24) Reference 37 (27 Reference

45-54 years of age 26 (19) 3324 0.9 (0.7-1.3) 28 (21) 1.1 (0.8-1.5)

55-64 years of age 34 (295) 26 (19) 1.0 (0.7-1.5) 36 (27 1.0 (0.8-1.4)

> 65 years of age 38 (28) 43 (32) 0.9 (0.6-1.3) 34 (25) 1.0 (0.7-1.5)
Sex

Male 56 (8) 80 (59 Reference 79 (59) Reference

Female 79 (41) 55 (41) 1.2 (0.9-1.5) 56 (41) 1.2 (0.9-1.5)
Payer status

HMO 71  (83) 70 (52) Reference 72 (53) Reference

Medicare 53 (39 58  (43) 1.0 (0.8-1.2) 50 (@37) 1.0 (0.8-1.3)

Medicaid 11 (8) 7 5 1.1 (0.7-1.8) 13 (10) 1.0 (0.6-1.5)
Service

Surgery 48 (30) 51 (38) Reference 47 (35) Reference

Medicine 87 (64) 84 (62) 1.0 (0.8-1.3) 88 (65) 1.0 (0.8-1.3)

NOTE. VRE, vancomycin-resistant enterococci; VSIE. vancomycin-susceptible enterococci, Non-E, cultures with no
enterococci identified.

* OR comparing vancomycin-resistant enterococci cases to vancomycin susceptible enterococci controls.

® OR comparing vancomycin-resistant enterococci cases to controls with no Enterococci identified.
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Table 2. Comparison of underlying illnesses and morbidity hetween 135 cases (VRE ) and 135 matched controls (VSE and

Non-E). )
__VRE_ VSE Non-E
Underlying illness N (%) N (%) OR(95% CI)* N % OR (95% CI)®
Time at risk' >7 days 115 (85) 109 (81) 1.3(0.7-2.7) 82 (61) 4.3(2.1-8.5)*
APACHE III score on date of culture > 82 (6U) 74 (55) 1.4(0.8-2.3) 45 (33) 3.6(2.0-6.6)*
Neoplasms 10 (7) 14 (10) 0.7 (0.3-1.6) 11T (8) 09(04-2.1)
Hematologic malignancy 12 (9) 3 2 10.0 (1.3- 12 (9 1.0 (0.4-2.7)
Diabetes 33 (24) 32 (24) 1.0(0.6-1.9) 31 (23) 1.1 (0.6-2.0)
White blood cell disorder 2 (D 3 () 0.7(0.1-4.0 5 @) 04(0.1-2.1)
Congestive heart failure 27 (20) 27 (20) 1.0(0.5-1.8) 14 (10) 23 (1.1-4.8)*
Cardiovascular disease 3 (2) 8 (6) 0.3(0.1-14) 8 (6) 0.3(0.1-14)
Pneumonia 40 (30) 32 (24) 1.5(0.8-2.7) 38 (28) 1.2 (0.6-2.4)
Peritonitis 6 (4) 3 (2) 2.0(0.5-8.0) 2 (1) 3.0(0.6-14.9)
Liver disease I5 (n 8 (6) 2.0(0.8-49) 9 (7)) 2.0(0.7-5.3)
Pancreatitis 12 9 10 (7) 1.2(0.5-2.9) 7 (5) 2.0(0.7-5.8)
Acute renal failure 27  (20) 30 22) 0.8(04-1.7) 27 (20) 1.0(0.5-2.1)
Cellulitis 30 (22) 23 (17) 1.4(0.7-2.6) 15 (11)  2.4(1.2-4.8)*
Urinary tract infection 44 (33) 37 27) 1.4(0.7-2.5) 22 (16) 2.7(1.4-5.1)*
History of alcohol abuse 5 (¢h 1 (1) 5.0(0.6-42.8) 3 2 1.7 (0.4-7.0)

NOTE. VRE, vancomycin-resistant enterococci; VSE.

enterococcn identified; indicates significant association (*).
OR comparmg vancomycin-resistant enterococci cases (o vancomycin susceptible enterococci controls.
® OR comparing vancomycin-resistant enterococci cases to controls with no Enterococci identified.

mnwmycm susceptible enterococci, Non-E, cultures with no

9



Table 3. Comparison of invasive procedures performed on 135 cases (VRE ) and 135 matched controls (VSE and Non-E).

VRE U VSE Non-E
Procedures N (%) N (%) OR(95%CDH° N (%) OR(95% CI)°
Lumbar puncture 16 (12) 2 (1) 8.0(1.8-34.8)* 6 @) 2.7(1.1-6.8)*
Cardiothoracic surgery 10 ) R (6) 1.3 (0.5-3.4) 9 @) 1.1(0.4-3.2)
Vascular access device 36 27 33 (24) 1.0 (0.6-1.8) 26 (19) 1.5 (0.8-2.5)
Tracheostomy 22 (16) 23 (17) 0.9 (0.5-1.7) 17 (13) 1.4 (0.7-3.0)
Lung biopsy 14 (10) 9 (7) 1.8 (0.7-4.9) 24 (18) 0.4 (0.2-1.0)
Thoracentesis 10 @) 0 (0) T 3 (2) 3.3(09-12.1)
Ventilator >95 hours 26 (19) 28 (21 0.9 (0.5-1.7) 26 (19) 1.0 (0.5-2.0)
Abdominal surgery 53 39) 18 (28) 1.7 (0.8-3.6) 23 (7)) 3.0 (1.4-8.0)*
Renal surgery 6 “4) 2 (n 3.0 (0.6-14.9) 3 (2) 2.0 (0.5-8.0)
Hemodialysis 23 (17 26 (19) 1.2 (0.6-2.2) 17 (13) 1.8 (0.9-3.5)
Solid organ transplant 6 4) 8 (6) 0.7 (0.3-2.2) 6 @ 1.0 (0.2-4.0)
Bone/joint surgery 13 (10) 9 (N 1.6 (0.6-4.0) 9 @) 1.6 (0.6-4.0)
Skin/wound debridement 25 19) 18 13) 1.8 (0.8-4.0) 9 (7) 3.3(1.4-7.6)*

NOTE. VRE, vancomycin-resistant enterococci; VSIi, vancomycin-susceptible enterococci, Non-E, cultures with no
enterococci identified; indicates significant association (*); p-value (rom X*<0.05 (1).

* OR comparing vancomycin-resistant enterococci cases to vancomycin susceptible enterococci controls.

® OR comparing vancomycin-resistant enterococci cases lo controls with no Enterococci identified.
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Table 4. Comparison of exposure to specific antimicrobials between 135 cases (VRE) and 135 matched controls (VSE and

Non-E).
VSE Non-E
Crude Adjusted Crude Adjusted

Antimicrobials OR (95% CI)" OR (95% C1)® OR (95% CI)° OR (95% CI)"
Ampicillin 0.7 (0.3-1.0) 0.5 (0.2-1.5) 10 (1.3-78.0)* 20.1 (1.5-263.1)*
Nafcillin 1.4 (0.4-4.4) 1.1 (0.3-4.1) 1.2 (0.4-3.9) 0.7 (0.1-3.7)
Piperacillin +/- tazobactam 0.9 (0.4-1.9) 1.0 (0.4-2.5) 1.0 (0.5-2.1) 1.0 (0.3-3.4)
Cefazolin 0.8 (0.4-1.4) 0.7 (0.3-1.4) 1.2 (0.6-2.5) 2.0 (0.7-5.5)
Ceftazidime 2.2 (1.2-4.2)* 2.6 (1.1-6.1)* 1.7 (1.0-3.0) 0.9 (0.4-2.1)
Cefiriaxone 2.0 (0.9-4.3) 2.0 (0.8-5.0) 2.0(0.8-4.7) 2.2(0.7-7.1)
Ciprofloxacin 1.8 (1.0-3.3) 1.6 (0.7-3.0) 2.4 (1.3-4.4)* 1.8 (0.8-4.4)
Clindamycin 2.6 (0.9-7.3) 1.3 (0.4-5.0) 1.7 (0.7-4.2) 0.8 (0.2-2.9)
Gentamicin 1.1 (0.7-2.0) 1.2 (0.6-2.5) 2.5(1.3-4.7)* 1.5 (0.6-4.3)
Metronidazole 1.2 (0.7-2.4) 1.0 (0.4-2.5) 4.2 (1.6-11.1)* 2.8 (0.7-10.9)
Imipenem 3.9 (1.7-8.8)* 4.5 (1.8-11.9)* 5.0 (2.1-12.0)* 5.1 (1.5-17.1)*
Tobramycin 1.1 (0.4-2.9) 0.4 (0.1-1.3) 1.1 (0.4-2.7) 0.2 (0.1-0.8)*
Vancomycin 1.8 (1.0-3.1) 1.1(0.5-2.3) 1.7 (1.0-2.8) 1.0 (0.4-2.5)

NOTE: Only antimicrobials with a minimum use of 5% within the population were evaluated. VRE, vancomycin-
resistant enterococci; VSE, vancomycin-susceptible enterococci. Non-E. cultures with no enterococci identified; indicates
significant association (*); p-value from X2 <0.05 (1).

OR comparing vancomycin-resistant enterococci cases to vancomycin susceplible enterococci controls using univariable

model

® OR comparing vancomycin-resistant enterococci cases to vancomycin susceptible enterococci controls using
multivariable model adjusting for other antimicrobials in the table, APACHE 111 >50, and time at risk >7.
‘OR comparing vancomycin-resistant enterococci cases to controls with no Enterococci identified using univariable

model

%OR comparing vancomycin-resistant enterococci cascs to controls with no Enferococci identified using univariable
model using multivariable model adjusting for other antimicrobials in the table, APACHE III >50, and time at risk >7.
g i} g
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exposure to other antimicrobials. The univariable model indicated that VRE cases were
more likely than were Non-E controls to have exposure to ampicillin, ciprofloxacin, gen-
tamicin, imipenem, and metronidazole. The multivariable model indicated that VRE
cases were more likely than were Non-E cases to be exposed to ampicillin and imipenem.

Non-E controls were more likely than were VRE cases to be exposed to tobramycin.

DISCUSSION

The objectives of this study were (1) to identify patient characteristics associated
with the isolation of VRE and the isolation of enterococci in general; and (2) to quantify
the association between patient exposure to specific antimicrobials and the isolation of
VRE, as well as the isolation of enterococci in general. Our findings support four con-
clusions: (1) underlving conditions and severity of iliness were differentially associated
with VRE isolation and enterococcal isoiation in general: (2) patients identified with en-
terococcal isolation were more likely to have undergone invasive procedures; (3) specific
antimicrobial agents were differentially associated with vancomycin resistance and en-
terococcal isolation in general; and (4) no association was observed between VRE isola-
tion or enterococcal isolation and vancomycin or piperacillin +/- tazobactam.

The identification of VRE was associated with an underlying condition of hema-
tologic malignancy. Among these patients, VRE colonization may be persistent. Patients
with hematologic malignancies are often repeatedly admitted to the hospital and are fre-
quently treated with antibiotics to prevent possible infections. These patients are often
admitted to the ICU on entrance to the hospital. Each of these factors increases the prob-

ability of VRE exposure. The observed differences may be explained by differences in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




50

severity of illness not adjusted for in the design and past exposure to antibiotics not ob-
served in the study.

Severity of illness, as estimated by the APACHE III score, was associated with
vancomyecin resistance. The findings are consistent with results from previous studies
that identified an association between comorbidity and VRE [16, 17]. The findings that
severity of illness is associated with enterococcal growth in general is consistent with the
findings that more severe conditions require more invasive procedures, longer hospital
stay, and greater exposure to antimicrobial therapy [9].

Vancomyecin resistance was associated with the lumbar puncture procedure. This
association is most likely due to the widespread empiric use of vancomycin for the treat-
ment of suspected beta-lactam-resistant Streprococcus pneumoniae meningitis among pa-
tients undergoing the lumbar puncture procedure. VRE was also associatzd with a thora-
centesis; however, when evaluated within the context of no increased risk with cardiotho-
racic surgery or pneumonia across the three groups, the increase is probably due to se-
verity of illness not accounted for in the study design or analysis. Enterococcal growth in
general was associated with lumbar punctures, abdominal surgery, and skin or wound de-
bridement.

In multivariable analysis, use of ceftazidime or imipenem was found to be associ-
ated with VRE isolation. The association between ceftazidime and VRE in our study is
consistent with one study in which limiting hospital-wide use of cefotaxime, ceftazidime,
vancomycin, and clindamycin was associated with a significant decrease in the preva-
lence of fecal colonization with VRE from 47 to 15% [18]. Another study showed that

restricting third-generation cephalosporins in febrile, neutropenic patients was associated
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with a reduction in VRE prevalence. This same study showed piperacillin-tazobactam
use decreased the prevalence of VRE colonization; however, this decrease was reversed
upon return to ceftazidime use [19]. In our trauma and burn ICU, we have also observed
a decrease in VRE colonization and disease after limiting broad-spectrum cephalosporin
use [20].

The association between imipenem use and high-density stool colonization with
VRE was first identified by Donskey, et al. in 2000 [21}. Donskey’s study was based
primarily on patients with already detectible levels of VRE colonization. Our study was
not restricted to these patients. We included both colonized and diseased patients. Imi-
penem has both anti-enterococcal and anti-anaerobic activity, which in combination have
rarely been identified as risk factors for VRE colonization [9]. A possible explanation for
the association between imipenem and VRE in our study may be the different suscepti-
bility ievels of enterococcal species to imipenem. The majority of vancomycin resistance
is found in £. faecium. whereas imipenem has greater activity against enterococci, which
is more likely to be susceptible to vancomycin [22].

In our analysis, vancomycin use was not associated with VRE. Previous studies
have identified intravenous vancomycin use as a risk factor for VRE [16, 23-34]; how-
ever, other studies found no effect [35-46]. The different results produced by these stud-
ies are due to the selection of different control groups and not adjusting for length of time
at risk. In our study and others with appropriate selection 6f controls and adjustment for
length of time at risk, the association between vancomycin treatment and VRE was small

and nonsignificant. The explanation of this negative finding may be that a large number
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of patients with VRE colonization serve as reservoirs for transmission to other patients
who have not necessarily received vancomycin.

Several antimicrobial agents were found to be associated with enterococcal isola-
tion. Ampicillin, ceftriaxone, gentamicin, and metronidazole have broad activity against
many bacterial species, but limited activity against E. faecium, facilitating the increase of
E. faecium within a given ecologic niche by suppressing competing organisms.

There was no association between piperacillin, with or without tazobactam, and
VRE. In one other study by Donskey, et al. [21], piperacillin-tazobactam has been associ-
ated with increased stool colonization density with VRE. In that study, identification of
piperacillin-tazobactam as a risk factor was based on patients already colonized with
VRE such that the results may not be generalizeable. Like imipenem, piperacillin-
tazobactam has both anti-enterococcal activity and anti-anaerobic activity. Previous
studies using' antimicrobial formulary interventions in which piperacillin-tazobactam was
used in place of ceftazidime [19] or in place of all cephalosporins [20, 47] showed a de-
crease in VRE acquisition, VRE prevalence, or eradication of all VRE infections.

Our findings must be interpreted within the strengths and limitations of the study
design. The study was retrospective in nature and could not evaluate the moment of ac-
quisition of VRE and VSE, and, hence, the most critical periods of antimicrobial expo-
sure. Our quantification of exposure to each antimicrobial was ever/never quantification,
and did not take into consideration antimicrobial dosage, dﬁration, or appropriateness of
use. Therefore, we have not evaluated actual bioavailability of each antimicrobial. Each
of these exposures is important in its own right and should be evaluated. Our study did

not differentiate colonization with VRE from infection with VRE. However, we do not
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believe that this distinction is relevant to the hypothesized mechanism being tested. The
proposed mechanism of antimicrobial pressure increasing VRE density should be inde-
pendent of the whether the patient presents with symptoms of disease.

Studies focusing on risk factors for antimicrobial resistance have been criticized
when controls were selected from a group of individuals with the susceptible form of the
organism in question [8]. Since individuals with the susceptible form of the organism
constitute a small portion of the population giving rise to the cases, their exclusive use as
control subjects may lead to a biased estimate of risk because of a distorted estimate of
exposure frequency in the source population. Harris et al. [8] suggested the most appro-
priate comparison group would come from a random sample of the hospitalized cohort.

We initially considered the use of a random sample of the hospital population as a
comparison group in our study; however. it was our belief that the population from which
the cases arise is a subset of the enﬁre hospital population. This subset consists of indi-
viduals with an increased probability of acquisition of enterococci through transmission.
more severe underlying conditions, and a greater number of invasive procedures. Our
matching criteria and restriction of one control group to VSE patients was an attempt to
equalize the distribution of these factors within the VRE and VSE groups. A comparison
between the VRE cases and VSE controls indicated no significant differences in the ad-
justed factor, apart from hematologic malignancy. In contrast, the Non-E group was sig-
nificantly healthier, had fewer underlying illnesses, and had fewer invasive procedures
than did the VRE cases. A hospitalized cohort would over-sample this group, producing
controls significantly healthier than the cases, and producing antimicrobial associations

for enterococcus isolation, ds opposed to VRE isolation.
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A second methodological criticism is that previous studies using susceptible
forms of an organism as controls have introduced selection bias that distorts the estimate
of effect of antimicrobials active against susceptible organisms, but not against resistant
organisms. Treatment with active antimicrobials is likely to inhibit the growth of sus-
ceptible organisms, making this exposure less frequent among susceptible organisms
identified by culture than among patients in the source population. The implication to
our study is that vancomycin, and any other antimicrobial differentially active against
VSE, would reduce the probability of VSE being detected, and therefore should not be
included as a potential control. In our study, these controls would enter the Non-E con-
trol group. Our findings that the association between VRE and both control groups with
respect to vancomycin exposure remained consistent indicates a robust estimate of the
risk. For imipenem. the true estimaie of association probably iies berween the estimates
indicated by the two control groups because of imipenem's differential activity against
enterococcus species and because of the differential nature of vancomycin resistance
across enterococcus species.

Our findings are salient to the control and elimination of vancomycin resistance in
enterococcus. The distribution of the VRE cases in our study by source of specimen is
comparable to the distributions reported nationally in the NNIS system [48], with the
majority of cases having VRE isolates from the bloodstream and urinary tract, and wound
and stool isolates accounting for the minority of cases. This is due to the use of clinical
isolates as opposed to surveillance isolates. In general, clinical specimens are more likely
to be taken from the bloodstream and urinary system than from stool and wounds. Sur-

veillance samples have identified wounds and stool as important reservoirs for VRE. The
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implication to our study is the underestimation of the number of VRE cases and potential
controls by excluding asymptomatic patients [49], and by including only those cases
that represent patients in which medical conditions warranted the ordering of cultures.

Our large number of cases provided an opportunity to adjust for exposure to mul-
tiple antimicrobials, severity of underlying illness, and length of hospital stay, thereby
allowing us to focus on the independent association between specific antimicrobials and
the occurrence of VRE. Our study offers further evidence that the replacement of broad-
spectrum cephalosporins by extended-spectrum penicillins may be effective in reducing
VRE.

The increasing proportion of enterococcal isolates resistant to vancomycin poses a
substantial problem to the hospitalized patient as well as to healthcare delivery systems
because there are limited treatment alternatives. Identifying patients at increased risk for
VRE isolat.ion and utilizing anumicrobials with activity against enterococcus could sub-

stantially reduce the colonization and spread of VRE.
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ABSTRACT

Since the 1980s, vancomycin-resistant enterococci (VRE) have emerged as im-
portant hospital-acquired pathogens in the United States; however, the independent asso-
ciation between vancomycin resistance and hospitalized patient morbidity and mortality
remains controversial. We investigated the contribution of vancomycin resistance to pa-
tient morbidity and mortality, while adjusting for disease severity and other factors
known to be associated with high hospital mortality.

During 1998 to 2000, 135 patients with VRE were identified. Patients with van-
comycin-susceptible enterococci (VSE) were matched to VRE patients by hospital loca-
tion, body site of culture, and date of culture within 30 days. Differences between VRE
and VSE cohorts were analyzed using the Wilcoxon rank sum statistic, Kaplan-Meyer
survival analysis, and unconditional logistic regression. Odds Ratios (OR) and 95% con-
fidence intervals (CI) were calculated.

A significantly higher hospital mortality rate was observed in VRE patients than
in VSE patients (P = 0.02). Vancomycin resistance (OR = 2.1; 95% CI, 1.1-4.8) re-
mained a significant predictor of hospital mortality in multivariable analysis. The present
study provides evidence that vancomycin resistance is associated with increased mortal-

ity, independent of other factors known to be associated with hospital mortality.

INTRODUCTION
The first clinical strains of vancomycin-resistant enterococci (VRE) were identi-
fied in 1986. Since then, the proportion of enterococci that are resistant to vancomycin

has risen steadily [1-7]. In 1998, the SCOPE study reported the proportion of enterococ-
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cal vancomycin resistance was approaching 14% overall, and the rate of vancomycin re-
sistance among Enterococcus faecium in the northeast United States was 63% [8].

Enterococcus species are particularly well equipped to survive in the clinical set-
ting because of their ability to withstand hostile environmental conditions [9, 10] and be-
cause of both intrinsic and acquired forms of resistance to most available antimicrobials.
Enterococci are intrinsically resistant to some degree to all cephalosporins, clindamycin,
trimethoprim, sulfonamides, and low levels of aminoglycosides, and many enterococci
have adapted to antimicrobial exposure by acquiring resistance to penicillins, erythromy-
cin, tetracycline, and high levels of aminoglycosides [11]. Historically, enterococci were
not considered important nosocomial pathogens [12]; however, the acquisition of vanco-
mycin resistance, in combination with high level ampicillin and aminoglycoside resis-
tance. has limited therapeutic options to the streptogramin quinupristin-dalfopristin and
the oxazolidinone linezolid in many cases.

The lack of therapeutic options. along with the increasing proportion of VRE. has
led to concerns about the morbidity and mortality caused by VRE among hospitalized
patients {13, 14]. Estimates of mortality among hospitalized patients with VRE bactere-
mia have ranged from 37% to 76% [15]; however, the morbidity and mortality independ-
ently attributable to VRE remains controversial. The objectives of the present study
were: (1) to determine the contribution of vancomycin resistance to patient morbidity and
mortality; and (2) to determine what factors affect the risk of mortality for patients with

VRE, while adjusting for disease severity and other factors known to be associated with

high hospital mortality.
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METHODS
Study Design
A hospital-based, retrospective, follow-up study was conducted in a large (greater
than 800 beds), urban, tertiary-care, teaching hospital among patients previously identi-
fied in case-control study evaluating predictors of VRE identification. Between January
1998 and August 2000, 1486 Enterococcus faecalis or E. faecium isolates representing
‘ 858 patients were identified from the clinical laboratory database. Patients with VRE and

g VSE were identified from this population.

Bacterial Identification and Susceptibility Testing

Enterococcus identification and susceptibility testing were performed using stan-
dard biochemical procedures and broth microdilution in the MicroScan WalkAway 96
(Dade MicroScan, West Sacramento, CA). Minimum inhibitory concentrations (MICs)
were interpreted according to breakpoints established by the NCCLS that were in effect
during the time the study was performed [16]. Enterococci with vancomycin MIC > 32
pg/ml were designated as VRE, whereas those with MICs < 4 ng/ml were designated as
vancomycin-susceptible (VSE). Occasionally E. casseliflavus and E. gallinarum are de-
tected in clinical specimens that will demonstrate intermediate resistance to vancomycin
(MIC 8-16 ug/ml). Because these organisms are usually commenéals, are rarely associ-
ated with true infection, and because this type of chromosomally mediated resistance is

not considered transmissible within the hospital setting, these species were excluded from

the study.
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Patients

A master list of all potential VRE patients was compiled from the laboratory da-
tabase and checked for duplicates. Among the 858 patients with enterococcal isolates
reported by the microbiology laboratory during the study period, 174 had isolates with
vancomycin MIC >32 pg/ml. Of these 174 patients, 39 had cultures collected within 72
h of hospital admission. These 39 patients were considered to have community-acquired
VRE, possibly related to prior hospitalization, and were excluded, resulting in a VRE co-
hort of 135 patients.

Among the 858 patients with culture-confirmed E. faecium or E. faecalis, 684 had
VSE. There were 656 patients identified as having VSE from cultures collected after 72
h of admission who were suitable for inclusion in the VSE cohort. VSE patients who
matched each VRE patient by location within the hospital. by body site of specimen co:-
lection. and by specimen collection date within 30 days were assembled into a potential

riskset. One VSE patient was randomly selected from each risk-set 10 serve as a member

of the VSE cohort [17, 18].

Variables

Patient record numbers were used to link microbiology laboratory data to hospital
records. The following data were collected for each patient: demographic characteristics;
hospital mortality; underlying illnesses; invasive procedures; length of hospitalization
before culture date and from culture date to discharge; antibiotic therapy, and severity of
illness on date of hospital admission, date of culture, and date of discharge (as estimated

by the Acute Physiology, Age, Chronic Health Evaluation III (APACHE III) morbidity
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score) [19]. The APACHE III score was based on the most severe values within 24 h of

the day of interest.

Statistical Analyses

Demographics were obtained for VRE and VSE patients. Statistical significance
was assessed by means of the chi-square tests for categorical variables and Wilcoxon
rank-sum test for continuous variables. Differences in morbidity trends between VRE
and VSE patients, as estimated by the APACHE I1I scores, were analyzed by fitting a re-
gression line for each patient, and by averaging the intercepts and slopes over VRE and
VSE patients separately. The average intercept represents the average APACHE 111 score
on admission, and the average slope represents the average change in patient morbidity
over time. Differences between VRE and VSE cohorts in average morbidity scores on
admission and the average change in morbidity scores over time were analvzed using the
Wilcoxon rank sum statistic. Kaplan-Meyer survival analysis was used to analyze differ-
ences between VRE and VSE patient mortality rates within 30 days of the last positive
culture date.

The primary method of analysis for predictors of mortality occurring within 30
days of culture date was unconditional logistic regression. Odds Ratios (OR) and 95% CI
were calculated. Significant OR were indicated by 95% Cls excluding the null value of
1. Significant predictors of 30-day mortality from univariable analyses were used to cal-
culate two ordinal variables that separately quantified the number of significant underly-
ing conditions and the number of significant diagnostic or therapeutic procedures for each

patient. These composite variables were used in multivariable analysis. Age was ex-
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cluded from the multivariable analysis because of its inclusion in the estimation of the
APACHE III score. Data analyses were performed by using SAS software, release 8.0
(SAS Institute Inc., Cary, N.C.). Human subject use, analysis, and report of these data

were reviewed and approved by the University of Alabama at Birmingham Institutional

Review Board.

RESULTS

VRE were isolated from the urinary tract (40%), blood or other sterile body fluids
(37%), wounds (14%), and stool (9%). VRE were identified from both intensive care
(ICU) (38%), and non-intensive care units (62%). VSE patients had the same distribution
for body site origin of isolates and ICU status because of matching on these characteris-
tics. There were no significant differences in the distribution of cases and controls with
respect 1o ags, sex, payer status, or hospital service (table 1). The average APACHE III
scores for VRE and VSE cohorts on admission were 44.1 and 44.0 respectively (P =
0.99), and the average change in APACHE III scores over each time-point was 26.6 for
the VRE cohort and 19.4 for the VSE cohort (P = 0.23) (figure 1).

The decrement to patient survival related to vancomycin resistance was measured
from the last positive VRE or VSE culture (figure 2). The mortality rates for VRE and
VSE patients were nearly identical for the first 3 days following the last positive culture;
however, the deleterious effect of vancomycin resistance in enterococci was evident lon-

gitudinally by the higher mortality rate in the VRE cohort (P < 0.01).
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Table 1. Demographic characteristics of 135 VRE and 135 matched VSE con-

i
i
i trols.
l
|
{
1
|

VRE VSE
Characteristic N % N % OR(95%CI)*
Age distribution

<45 years of age 37 (27) 33 (24) Reference
! 45-54 years of age 26 (19) 33 (24) 09(0.7-1.3)
- 55-64 years of age 34 (25) 26 (19) 1.0(0.7-1.5)
> 65 years of age 38 (28) 43 (32) 0.9(0.6-1.3)
| Sex
Male 56 (8) 80 (59) Reference
L Female 79 (41) 55 (41) 1.2(0.9-1.5)
Payer status
‘i HMO 71 (53) 70 (52) Reference
Medicare 53 (39) 58 (43) 1.0(0.8-1.2)
l Medicaid 11 (8) 7 (5 1.1(0.7-1.8)
l’ Service
Surgery 48  (36) 51 (38)  Reference
{ Medicine 87 (64) 84 (62) 1.0(0.8-1.3)
l
' Mortality

Survived at least 30 days from last 98 (73) 115 (835) Reference

Died within 30 days of last positive 57  (27) 20 (15) 2.2(1.2-4.0)

susceptible enterococci.

ceptible enterococci controls.

NOTE. VRE, vancomycin-resistant enterococci; VSE, vancomycin-

? OR comparing vancomycin-resistant enterococci cases to vancomycin sus-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




‘uoissiwgad 1noypum pauqiyosd uononpolidas Jayung “Jaumo 1ybuAdoo ayy Jo uoissiwiad yum pasonpoldey

Apache III Scores

Average Morbidity Scores Over Time

120 ——— U e
100 f—— o o T a2
o -7 82.8
80 T T e e T T - ”'""_—‘_"‘——'—-" " 3’- '—'*.
- ’m‘g — - -
- 33 °
60 S, --.._.__:_._'_ﬂ ) - = '6 q . . - e
. s =" )
20 f—mr e - S . AP - VRE -
—®- VSE

0 e e S,

Admission Culture Date Discharge Date

Time Points

Figure 1. Change in APACHE Il scorc liom hospital admission to hospital discharge;
VRE, vancomycin-resistant enterococci: VSE, vancomycin-susceptible enterococci.

89



‘uoissiwiad noyum pauqiyosd uononpoidal Jaypng “Joumo JybuAdoo ay) jo uoissiwiad yym paonpoiday

Survival Functions

VSE
= 3
.% i i+ i
. .-

E B -t ]
w -
2 5 |
& 2
s | | VRE
= e
=
O 3 ﬁ

2 P=0.02

1

b =

0 10 20 30

Days from Iast positive culture to discharge

Figure 2. Cumulative survival for VRIT and VSE patients. VRE, vancomycin-
resistant enterococci; VSIE, vancoisivein-susceptible enterococci.

69



70

Predictors of 30-day hospital mortality from univariable models are shown in ta-
bles 2 through 4. The multivariable logistic regression model included significant demo-
graphic predictors from the univariable models, excluding age, along with the number of
significant underlying conditions and procedures. Independent predictors of 30-day
mortality were found to be: vancomycin resistance, surgical service admission, increasing

APACHE III scores, and number of significant underlying conditions (table 5.).

Table 2. Univariable analysis of patient demographics associated with 30-day
mortality.

Died Lived

Characteristic N (%) N (%) OR (95% CI)
Vancomycin resistance

VSE 20 (35) 115 (54) Reference

VRE 37 (65) 98 (46) 2.2 (1.2-4.0)
Sex

Male 2+ (42) 112 (32 Reference

Female 33 (57 101 (47) 1.5 (0.8-2.7)
Age

<45 years of age 10 (27) 56 (17) Reference

45-54 years ofage 20 (35) 39 (18) 24 (1.2-4.5)

55-64 years of age 12 (21) 48 (23) 0.9 (0.4-1.8)

> 65 years of age 15 (26) 66 (31) 0.8 (0.4-1.5)
Surgical service admis- 51 (89) 128 (60) 5.8 (2.4-14.2)
sion
ICU 29 (51 46 (22) 3.7 (2.0-6.8)
Medicaid 2 (3 16 @) 0.4 (0.1-2.0)

NOTE. VRE, vancomycin-resistant enterococci; VSE, vancomycin-susceptible
enterococci; ICU, Intensive Care Unit.
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Table 3. Univariable analysis of patient underlying illnesses associated with 30-
day mortality
Died Lived

Characteristic N (% N (%) OR (95% CI)

Bacteremia 32 (56) 74 (35 2.3 (1.3-4.2)

Neoplasms 10 (17) 32 (15) 1.2 (0.5-2.6)

Hematologic malignancy 7 (12) 8 4) 3.5 (1.2-10.2)

Diabetes 11 (19) 54 (25 0.7 (0.3-1.4)
i White blood cell disorder 2 3) 3 (1) 2.5 (0.4-15.3)
| Congestive heart failure 12 (21) 42 (19) 1.1 (0.5-2.2)
Pneumonia 32 (56) 40 (19) 5.4 (2.9-10.1)
l Peritonitis 3 (5) 6 ?3) 1.9 (0.5-7.8)
; Liver disease 12 @21 1 5) 4.8 (2.0-11.6)
5 Pancreatitis 4 (7 18 (8) 0.8 (0.3-2.5)
i Acute renal failure 26 (45 31 (14) 4.8 (2.5-9.2)
; Urinary tract infection 12 21) 69 (32) 0.5 (0.3-1.1)
Cardiovascular disease 42 (74) 147 (69) 1.2 (0.6-2.3)
| Decubitus ulcer 9 (@16 25 (12 1.4 (0.6-3.2)
' Five point increase in

APACHE III at culture 1.3 (1.2-1.4)

date

NOTE. APACHE III, Acute Physiology, Age, Chronic Health Evaluation III
morbidity score.

' Table 4. Univariable analysis of patient diagnostic and therapeutic procedures
associated with 3(-day mortality.

| Died Lived
i Characteristic N %) N (%) OR 95% CI
Tracheostomy 14 (24) 31 (14) 1.9 (0.9-3.8)
| Cardiothoracic surgery 5 (8 13 6) 1.4 (0.5-4.3)
! Vascular access devise 4 (7) 5 3) 3.1 (0.8-11.9)
Hemodialysis 13 (22) 36 (16) 14 (0.7-2.9)
i Lung biopsy 14 (25) 9 4) 7.2 (2.9-17.8)
; Thoracentesis 7 (12) 3 (1) 9.6 (2.4-38.5)
Abdominal surgery 19 (33 55 (26) 1.4 (0.7-2.6)
E Renal surgery 2 (3) 6 3 1.2 (0.2-6.3)
Bone/joint surgery 4 (D 18 €)) 0.8 (0.3-2.5)
Ventilator 32 (56) 35 (16) 6.4 (3.4-12.0)
Skin/wound debridement 9 (15 34 (16) 1.0 (0.4-2.2)
Chemotherapy 1 @ 1 1) 1.2 (0.1-12.0)
Lumbar puncture 8 (14 10 (5) 32 (1.2-8.7)
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Table 5. Multivariable analysis of characteristics associated with 30-day mortal-

ity.
Characteristic OR 95% CI
VRE 26 (1.1-6.9)
Surgical service 13.2 (2.4-71.6)
ICU admission 21 (0.7-5.5)
APACHE III score on date of culture (for each five

S 1.3 (1.1-1.4)
point increase)
Number of significant underlying conditions 1.7 (1.1-3.0)

} Number of significant procedures 1.5 (0.9-2.8)

NOTE. VRE, vancomycin-resistant enterococci; ICU, intensive care unit; APACHE
I11, Acute Physiology, Age, Chronic Health Evaluation III morbidity score.

DISCUSSION

The present study showed a significantly higher rate of hospital mortality among

the VRE cohort than among the VSE cohort. Vancomycin resistance remained a signifi-

cant predictor of hospital moriality in multivariable analysis after adjustment for charac-

teristics also shown to be associated with monality. The present study aiso showed a
closer temporal association between the VRE cohort and 30-day hospital mortality after
the last positive culture than between the VSE cohort and 30-day mortality. The initial
similarity in mortality in the first 3 days following culture and the subsequent divergence
of the mortality rates provides strong evidence that vancomycin resistance was a major
contributor to mortality.

The present study is consistent with studies that have found higher mortality
among VRE patients than among VSE patients (13, 14, 20-22]. Other studies however,
have shown no association [15, 23-26]. Previous studies have indicated patients with se-
vere underlying conditions are at greater risk for VRE colonization and subsequent infec-

tions [1, 27-32]. These patient characteristics for VRE acquisition make the independent
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contribution of vancomycin resistance to morbidity and mortality difficult to estimate be-
cause these severe underlying conditions are also associated with increased morbidity and
mortality. The different findings among studies evaluating the VRE-associated mortality
may be attributable to differences in study designs and to the method of adjusting for the
underlying conditions that confound the association between VRE and hospital mortality
[13]. Studies that used large multivariable models or stepwise regression models to ad-
just for severe underlying conditions were less likely to find an independent association
between VRE and hospital mortality [13]. Composite scores of severity of illness, such
as the APACHE I1I score, that are designed to predict mortality are the most frequently
identified predictors of VRE infection or colonization [15, 20-24, 32-35]. Studies that
have used stepwise logistic regression analyses often result in the severity of illness com-
posite score accounting for the greatest degree of variation between VRE and VSE
groups. with little variance attributable to vancomyecin resistance, particulariv when sam-
ple sizes are small [15, 23-26]. Other conditions highly associated with mortality, such
as bacteremia and pneumonia, often occur concomitantly within a patient. The use of
multivariable logistic regression models that include several collinear covariates often
produce inflated standard errors that result in imprecise estimates; therefore, the contri-
bution of vancomycin resistance to mortality may not be discernable [15].

The present study used hospital location as a surrogate for patient morbidity and
used logistic regression to adjust for differences in morbidity‘between VRE and VSE pa-
tients that remained after matching. The validity of location as a surrogate measure of
morbidity was confirmed on analysis of APACHE IIl. The problem of simultaneous oc-

currence of significant underlying conditions and procedures was addressed by using a
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composite score for the number of significant underlying conditions and procedures.
Additionally, the composite scores gave a measure of extent of morbidity that was in-
cluded in the model along with the severity of morbidity as estimated by the APACHE III
score.

Information about the impact of VRE infection on clinical end points other than
mortality is lacking [21, 36, 37]. The present study is unique in that APACHE III scores
were computed longitudinally to assess the change in morbidity over time. The initial
criteria of matching by hospital location resulted in almost identical morbidity scores on
admission. There was a greater average estimated morbidity increase longitudinally in
the VRE cohort than in the VSE cohort; however, the difference between the two slopes
did not reach statistical significance.

The study was limited in that it was retrospective, making the body site of initial
coionization of VRE and VSE difficult to determine. Both VRE and VSE cohorts wers
selected based on cultures of single body sites, and these cultures may not have accu-
rately detected the presence of VRE in other body locations. We also included both
colonized and infected patients in each cohort. The inc]ﬁsion of patients with VRE iso-
lated from urine or stool potentially dilutes the association between VRE and mortality
more than if the study were limited to clinical infections.

Another limitation of the study is that we did not match VRE to VSE according to
Enterococcus species. In our hospital, the vast majority of VRE are E. Jfaecium, whereas
the majority of VSE are E. faecalis. One study has suggested that E. faecium itself may
be associated with greater morbidity than is E. faecalis. Therefore, the species difference

may be a confounding variable. Finally, we did not evaluate pharmacological interven-
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tions for the treatment of VRE, nor the appropriateness of clinical care provided to each
cohort. VRE are inherently more difficult to treat than are VSE because of the dearth of
available treatment options. VRE may be a marker of limited therapeutic interventions,

and the lack of treatment options, or difficulty in treating VRE may be the driving factor
for increased mortality in VRE patients [13].

In summary, in one of the largest single hospital-based studies of VRE morbidity
and mortality, we have shown that vancomycin resistance increases mortality risk and the
rate of hospital mortality. We were able to analyze the effect of VRE while adjusting for
other predictors of mortality using 2 methodology that maintained model stability. Our

findings are supported by the consistency of the three separate statistical methods used.
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SUMMARY DISCUSSION
Overview of Results

These investigations were conducted to evaluate patient demographics, underly-
ing conditions, diagnostic and therapeutic procedures, a variety of antecedent intravenous
antimicrobial exposures, and clinical outcomes associated with the isolation of VRE in
hospitalized patients. Based on prior investigations of VRE, our study proposed a model
illustrating the roles of exposure to VRE reservoirs, patient characteristics, antimicrobial
exposure, and prevalence of VRE in the progression from potential VRE reservoirs to
active disease within th= hospitalized patient. We discussed differences in VRE coloni-
zavon and VRE infection. as well as how tnese differences affect hospital surveiliance
reporting and interventions targeting the spread of VRE. We documented clonal trans-
mission of VRE in a large, urban, teaching hospital, and reported VRE susceptibility to a
wide array of antimicrobial agents.

In a hospital-based case-control study of 135 VRE patients compared with 135
vancomycin-susceptible enterococci (VSE) patients and 135 non-enterococcus (Non-E)
patients, specific underlying conditions, severity of illness, invasive procedures, and an-
timicrobial exposures occurred more often in VRE patients than in VSE or Non-E pa-
tients. Hematologic malignancy was more common in VRE patients than in VSE pa-
tients. When compared to Non-E patients, VRE patients were more likely to have the

following: hospitalization longer than 7 days before culture, an APACHE III score
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greater than 50, congestive heart failure, cellulites, and urinary tract infections. Lumbar
punctures and thoracenteses were performed more often in VRE patients than in VSE pa-
tients, and lumbar punctures, abdominal surgery, and skin or wound debridement were
performed more often in VRE patients than in Non-E patients. Imipenem or ceftazidime
exposure was more frequent in VRE patients than VSE patients, and ampicillin or imi-
penem exposure was more frequent in VRE patients than in Non-E patients.

In the retrospective follow-up study of patients identified from the case-control
study, the VRE cohort had a higher mortality rate than did the VSE cohort. Vancomycin
resistance remained a significant predictor of hospital mortality in multivariable analysis
after adjusting for characteristics shown to be associated with mortality. The study also
identified a significantly higher 30-day hospital mortality rate after the last positive cul-
ture in the VRE cohort than in the VSE cohort. Our findings were supported by the con-

sistency of the three separate statistical methods used.

Strengths

Both the case-control study and the retrospective follow-up study used more rig-
orous methodological design than did previous studies. The VSE patient group was se-
lected from the same population that gave rise to the VRE patient group, a strategy that
excluded patients less likely to be exposed to VRE. The case-contrel study utilized a
Non-E group to include patients exposed to antimicrobials that resulted in the elimination
of enterococcus and to identify factors that were associated with enterococcal growth.
The matching scheme increased the efficiency of evaluating predictors of VRE occur-

rence and the efficiency of evaluating the effect of vancomycin resistance on hospital
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morbidity and mortality by placing similar distributions of the matching factors in the
VRE and VSE patient groups.

The large number of VRE patients provided an opportunity to adjust for multiple
antimicrobial exposures, severity of underlying illness, and length of hospital stay.
Adjusting for these variables allowed us to focus on the independent association between
specific antimicrobial monotherapy and the occurrence of VRE. The large number of
VRE patients and unique quantification of co-morbidities associated with hospital
mortality helped maintain the stability of the model when we evaluated the independent

contribution of vancomycin resistance to hospital morbidity and mortality.

Limitations

The study was limited in that it was retrospective, making the bodyv site of initial
colonization of VRE and VSE difficult to determine. Both VRE and VSE patients were
selected based on cultures of single body sites. This detection method may not accurately
detect the presence of VRE in other body locations. The retrospective design also pre-
cluded an evaluation of initial VRE and VSE; hence, the most critical periods of antimi-
crobial exposure could not be ascertatned.

The study included both colonized and infected patients. The inclusion of colo-
nized patients potentially dilutes the association between VRE and mortality; however,
we do not believe that this distinction is relevant to the analysis of antimicrobial predic-
tors of VRE occurrence. The proposed mechanism of antimicrobial pressure increasing
VRE density should be independent of the whether the patient presents with signs or

symptoms of disease. The study did not match VRE to VSE according to Enterococcus
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species. In our hospital, the vast majority of VRE are E. faecium, whereas the majority of
VSE are E. faecalis. Therefore, the species difference may be a confounding variable.

In evaluating morbidity and mortality, the study did not evaluate pharmacological
interventions for the treatment of VRE, nor the appropriateness of clinical care provided
to each cohort. VRE are inherently more difficult to treat than VSE because of the dearth
of available treatment options. In the case-control study, our quantification of exposure
to each antimicrobial was ever/never quantification, and did not take into consideration
antimicrobial dosage, duration, or appropriateness of use. Therefore, we have not evalu-
ated actual bioavailability of each antimicrobial.

Finally, the study used clinical isolates as opposed to surveillance isolates. The
implication to our study is the underestimation of the number of VRE and VSE patients
through the exclusion of asymptomatic patients. and through the inclusion of thoss cases
that represent patients in which the medical conditions warranted the ordering of cultures.
However, the distribution of the VRE cases in our study by source of specimen is compa-

rable to the distributions reported nationally, implying that our findings are generalizable

to most hospital settings.

Implications

The increasing proportion of enterococcal isolates resistant to vancomycin poses a
substantial problem to the hospitalized patient as well as to healthcare delivery systems.
History has demonstrated that VRE have been and will remain a problem in the hospital
setting. QOur study provides supporting evidence that vancomycin resistance is an inde-

pendent contributor to hospital morbidity and mortality. With the recent emergence of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




33

high-level vancomycin resistance in Staphylococcus aureus, the control of VRE has taken
on even greater importance. An understanding of the epidemiology and progression of

VRE from colonized/infected patients to uncolonized patients is paramount in slowing

VRE dissemination.

Our findings and proposed model are salient to the control and elimination of

vancomycin resistance in enterococcus. Identifying patients at increased risk for VRE

and utilizing antimicrobials with activity against enterococcus could substantially reduce
the colonization and spread of VRE. Only through prompt detection of VRE, rigorous

institutional infection control, and pharmacy and educational policies can we hope to

maintain contro!l of this pathogen and prevent selection of VRSA on a wide scale.
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