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Risk Factors Associated with Vancomycin-Resistant Enterococcus faecium
Infection or Colonization in 145 Matched Case Patients and Control Patients

Nadia G. Tornieporth, Richard B. Roberts,
Joylene John,* Alice Hafner, and Lee W. Riley

From the Division of International Medicine and Infectious Diseases,
Department of Medicine, Cornell University Medical College,
New York, New York

Risk factors and mortality associated with vancomycin-resistant Enterococcus faecium (VREF)
infection or colonization were examined at a tertiary care hospital by comparing 145 patients who
had VREF isolates (cases) to 145 patients with vancomycin-susceptible Enterococcus faecium
(VSEF) isolates (controls). The number of deaths per 100 person-days of hospitalization after
diagnosis did not differ significantly between VREF patients (1.2) and VSEF patients (0.8). Multivar-
iate analyses found that the duration of hospitalization (=7 days), intrahospital transfer between
floors, use of antimicrobials (i.e., vancomycin and third-generation cephalosporins), and duration
of vancomycin use (=7 days) was independently associated with VREF infection or colonization.
This study, which has a large sample size, confirms some earlier observations regarding risks for
VREF infection or colonization and identifies factors that may be potentially exploited to develop
interventional strategies for the control of this emerging nosocomial problem.

The increase in antimicrobial resistance observed in nosoco-
mial infections worldwide constitutes a major public health
problem [1]. The Centers for Disease Control and Prevention
(CDC; Atlanta) reported a 20-fold increase nationwide in the
percentage of nosocomial enterococci resistant to vancomycin
between 1989 and 1993 [2]. This increase was even more
dramatic among nosocomial enterococci isolated from patients
in the intensive care unit (ICU) (34-fold). According to data
from the National Nosocomial Infections Surveillance System,
enterococci are now the fourth leading cause of nosocomial
infections in the United States [3].

Emerging vancomycin resistance in enterococci further lim-
its treatment options already diminished by the development
of the organism’s high-level resistance to the penicillins and
aminoglycosides [4]. Since the initial reports of vancomycin-
resistant Enterococcus faecium (VREF), published first in Eu-
rope and then in the United States in the late 1980s, attempts
have been made to identify patient populations at increased
risk for VREF infection or colonization [5—7].

Although certain patient populations, such as those with se-
vere underlying illness or immunosuppression, have been iden-
tified to be at risk for VREF, the epidemiological information
concerning VREF has been based largely on studies involving
small numbers of patients in localized outbreaks [8—16]. How-
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ever, recent reports have indicated that drug-resistant entero-
cocci are rapidly becoming endemic in an increasing number
of hospitals in the United States [17, 18], and adequate inter-
ventions remain to be identified [18]. Understanding the epide-
miology of VREF infections in a large tertiary care hospital
can provide useful information for effective infection control.

Between 1 March 1990 and 31 December 1992, VREF iso-
lates were recovered from 183 patients at a single teaching
hospital. This case-control study was undertaken to determine
risk factors for vancomycin resistance and mortality in patients
with Enterococcus faecium colonization or infection.

Methods

Patients. The study hospital is a 988-bed tertiary care refer-
ral hospital serving the New York metropolitan area. After the
recognition of 183 cases of VREF infection or colonization at
the hospital between March 1990 and December 1992, a case-
control study was designed.

Definitions. Cases were defined as all hospitalized patients
with VREF isolated from any source between 1 March 1990
and 31 December 1992. The patients were identified from the
records of the clinical microbiology department. Both colo-
nized and infected patients were included in the study. Coloni-
zation and infection with VREF or vancomycin-susceptible
E. faecium (VSEF) were defined according to clinical and labo-
ratory criteria previously published by the CDC [19]. Only the
first VREF isolate from a patient was considered for analysis.
Patients with isolates collected <72 hours after admission to
the hospital were considered to have community-acquired
strains unless they were known to have been hospitalized dur-
ing the preceding 2 months or had acquired the organism peri-
natally [13, 19].

Controls were defined as hospitalized patients with VSEF
isolates that were also identified from the records of the clinical
microbiology laboratory and matched by date of specimen col-
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lection (within 1 month of the date that VREF was isolated
from the case’s specimen).

Patients with isolates that were initially susceptible to vanco-
mycin but from whom VREF was subsequently isolated were
included as cases. No VREF or VSEF isolates were obtained
from routine surveillance cultures in this study.

The VanA glycopeptide resistance phenotype was defined
according to Arthur et al. [20] as an MIC of =64 pug/mL
for vancomycin and =16 pug/mL for teicoplanin. The VanB
phenotype has MICs of 4—1,000 pg/mL for vancomycin and
0.5—1 pg/mL for teicoplanin. Empirical drug use was defined
as drug therapy without microbiological confirmation of infec-
tion. Third-generation cephalosporins included cefotaxime,
ceftazidime, and ceftizoxime.

Mortality was defined as number of deaths per 100 person-
days of hospitalization after diagnosis.

Chart reviews. Hospital records were reviewed to obtain
demographic and clinical information. Specific information
was obtained regarding the treatment of patients with vancomy-
cin and third-generation cephalosporins given alone or in com-
bination before specimen collection. Microbiologic records
were reviewed to obtain information on the source and drug
susceptibility pattern of the isolate.

Bacteriologic identification and drug susceptibility tests. En-
terococcus species were identified with use of conventional
biochemical tests, and initial susceptibility tests for this organ-
ism were performed with freeze-dried Positive Breakpoint
Combo type 6 panel (MicroScan; Baxter Health Care Corpora-
tion, West Sacramento, CA) [21]. This automated method to
screen for vancomycin resistance was introduced into our hos-
pital’s clinical microbiology laboratory in 1987.

MICs were determined by broth macrodilution in tubes ac-
cording to the guidelines of the National Committee for Clinical
Laboratory Standards (NCCLS) [22, 23] and with cation-
adjusted Mueller-Hinton II broth (Becton Dickinson Microbiol-
ogy Systems, Cockeysville, MD) with an inoculum of 5 X 10°
cfu/mL. A disk diffusion test was performed with vancomycin
(Becton Dickinson Microbiology Systems) and teicoplanin
(Marion Merrell Dow, Kansas City, MO) in Mueller-Hinton II
agar according to NCCLS guidelines [23, 24].

Statistical analyses. Data entry and univariate statistical
analyses were performed with the Epi-Info version 5 software
(CDC). Since cases were matched with controls by the date of
specimen collection, variables were analyzed by the McNemar
X test for matched comparison. For nonmatched comparison,
categorical variables were analyzed by the x? or Fisher’s exact
test.

Student’s #-test was used to assess statistically significant
differences between case patients and control patients by com-
paring the means of continuous variables. The x? test for rates
was used to compare the difference between rates [25]. All
P values were based on two-sided tests.

Multivariate statistics (logistic regression) were performed
with SAS software version 6.04 (SAS Institute, Cary, NC) and
were used to estimateghe contribution of individual risk factors
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to vancomycin resistance or death (other variables were
controlled for). Odds ratios and the corresponding 95% confi-
dence intervals were calculated manually using the results ob-
tained for the maximum likelihood estimates [26].

Results

Demographic characteristics. A total of 183 hospitalized
patients with VREF were identified during the period from
March 1990 through December 1992. Of these, 145 could be
appropriately matched to 145 control patients; VSEF isolates
from control patients were obtained within 1 month of the
VREF isolates from the case patients. The remaining 38 case
patients, who were excluded from the matched analysis because
of the lack of appropriate control patients, were comparable
to the study group with regard to demographic and clinical
characteristics and mortality.

Cases and controls were comparable in sex as well as in
race and ethnicity. Their age distribution is shown in table 1.
The median age was 67 years for cases and 46 years for con-
trols. The risk of vancomycin resistance was significantly asso-
ciated with age =50 years. Stratification by age eliminated any
association between race and isolation of VREF.

Specimen sources. Cases and controls did not differ signifi-
cantly by the proportion of colonized (55% and 59%, respectively)
and infected patients (45% and 41%, respectively) or by specimen
source. Most enterococcal specimens were isolated from urine
samples, followed by wounds and blood (table 1).

A total of 24 case patients and 23 control patients with at
least one positive E. faecium blood culture were identified.
Mortality among these bacteremic patients did not differ sig-
nificantly between those with VREF (58%) and those with
VSEF (43%) isolates.

Hospitalization. Only 11 of 145 patients' with VREF had
been hospitalized for <72 hours before specimen collection,
and all had a history of preceding hospitalizations, either imme-
diately before the current hospital admission or within 2 months
before this admission. Among 48 of 50 VSEF patients with
this background, 20 had been hospitalized recently and 28 met
the criteria for having community-acquired strains. Data were
not available for two patients with VSEF.

The mean duration of hospitalization as well as the mean
duration of hospitalization from admission to the date of speci-
men collection was significantly longer for cases than for con-
trols (both, P < .01) (table 1). Seventy-three patients with
VREF were in one of our eight ICUs at the time of specimen
collection compared with 47 controls (P < .01). Intrahospital
transfer of patients to more than one ICU or to more than
one floor throughout their hospital stay increased the risk for
acquisition of VREF (P <.05 and P < .001, respectively).

Underlying illness and therapeutic procedures. Major
primary and secondary discharge diagnoses are listed in table
1. A diagnosis of vascular disease, which included patients
with peripheral vascular disease, valvular heart disease, and,
in particular, coronary artery disease, was found to be sig-
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Table 1. Comparison of the characteristics of cases (patients with VREF) and controls (patients with

VSEF) and the risk factors for VREF by univariate analysis.

Variable

Cases
(n = 145)

Controls
(n = 145)

OR (95% CI)

Age distribution

No. of persons <10 y 5
No. of persons 10-50 y 25
No. of persons =50 y 115

Mean age in y (range)
Sex

62.3 (3 mo—99)

No. (%) of females 91 (63)

No. (%) of males 54 (37)
No. of days of hospitalization

Mean (range) 64.5 (2-290)

Median 48

No. of person-days of hospitalization 4,679

No. (%) of persons hospitalized =7 d 137 (94)

No. (%) of persons hospitalized =14 d 128 (88)
No. of days from admission to specimen

collection

Mean (range) 32.5 (0-142)

Median 25

No. (%) of persons hospitalized =7 d 126 (87)

No. (%) of persons hospitalized =14 d 110 (76)
Service

Medicine 73 (50)

Surgery 57 (39)

Pediatrics 2(14)

Burn unit 10 (7)
Location of patient

ICU 73 (50)

More than one ICU 58 (40)

More than one floor 43 (30)
Source of specimen

Urine 57 (39)

Wound 52 (36)

Blood 24 (17)
Underlying illness

Vascular disease 40 (28)

Coronary artery disease 24 (17)

Benign GI disorder 35 (24)

Neoplastic disease 28 (19)

End-stage renal disease 12 (8)

AIDS 11 (8)

Burn 10 (7)

Obstetric, gynecologic, or neonatal disorder 1(0.7)
Procedures

Surgery 89 (61)

Hemodialysis 32 (22)
Mortality* 1.2

38
37
70

43.7 (<1 mo-91)*

90 (62)
55 (38)

40.8 (2-248)"
26
3,363
122 (84)
105 (72)

17.7 (0-158)"
8

76 (52)

53 (37)

45 (31)
38 (26)
36 (25)
12 (8)

47 (30)
27 (19)
23 (16)

61 (42)
38 (26)
23 (16)

22 (15)
13 (9)
25 (17)
29 (20)
5(3)
8 (6)
12 (8)
21 (6)

60 (41)
10 (7)
0.8

0.13 (0.05-0.33)
NS
3.50 (2.07-5.91)

NS
NS

2.88 (1.29-6.43)
2.53 (1.39-4.61)

5.17 (2.78-9.59)
4.56 (2.66—7.84)

2.22 (1.36-3.63)

1.73 (1.07-2.80)

0.06 (0.01-0.23)
NS

2.08 (1.28-3.39)
2.25 (1.25-4.05)
3.07 (1.71-5.49)

NS
NS
NS

2.0 (1.12-3.58)
NS
NS
NS
NS
NS
NS
0.04 (0-0.26)

2.38 (1.35-4.25)
3.44 (1.48-8.52)
Nst

NOTE. GI = gastrointestinal; NS = not significant. Unless otherwise indicated, all values represent no. (%) of

patients.
* P < .01 by Student’s ¢ test.
TP < .005 by Student’s ¢ test.

* Per 100 person-days of hospitalization after diagnosis.

§ P < 2 (5 test for rates).

nificantly associated with VREF (P < .05) by univariate
analysis. Patients who underwent a surgical procedure or
who received hemodialysis treatment during their hospital
stay were 2—3 times more likely to acquire VREF than were
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patients who did not undergo a procedure or receive treat-
ment (both, P < .01), while VSEF was more frequently
isolated from patients with gynecologic, obstetric, or neona-
tal disorders.
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Antimicrobial therapy. Patients who received either vanco-
mycin or a third-generation cephalosporin before specimen
collection had a more than five-fold greater risk for isolation
of VREF (OR, 5.54; 95% CI, 3.07—10.0; P <.00001) than did
patients who did not receive this therapy (table 2). Of these
patients, only two case patients and two control patients re-
ceived oral preparations of vancomycin. Vancomycin was
given empirically, i.e., without microbiological confirmation
of infection, to >60% of both VREF and VSEF patients. The
mean duration of vancomycin treatment before specimen col-
lection did not differ significantly between cases and controls,
but treatment with vancomycin for =7 days before specimen
collection was significantly associated with vancomycin resis-
tance (P <.00001).

Mortality. Overall, 54 (37%) of the patients with VREF
died during hospitalization compared with 28 (19%) of the
patients with VSEF. When the duration of hospitalization after
diagnosis was controlled for, the number of deaths per 100
person-days of hospitalization were 1.2 for patients with VREF
and 0.8 for patients with VSEF (P <.2). The overall mortality
among a subset of patients with VREF (49%) compared with
that among a subset of VSEF patients (28%) admitted to any
ICU was not significantly different by matched analysis.

Mortality among VREF patients who were =50 years old
was significantly associated with being in an ICU at the time
of specimen collection (OR, 2.97; 95% CI, 1.26-7.04;
P < .05) and with the use of a third-generation cephalosporin
before specimen collection (OR, 3.31; 95% CI, 1.32-8.43; P
<.01). This association was not significant for VREF patients
under 50 years of age. Increased mortality was also noted
among hemodialysis patients with VREF who were =50 years
old (OR, 3.16; 95% CI, 1.16—8.71; P <.05) and among those
with VSEF (OR, 6.28; 95% CI, 1.03—44.33; P = .02). Mortal-
ity among VSEF patients who were =50 years old was associ-
ated with a duration of hospitalization of =7 days before speci-
men collection (OR, 6.34; 95% CI, 1.20-61.12; P <.05).
Isolation of VSEF from blood was associated with increased
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mortality among VSEF patients who were under 50 years of
age (OR, 7.13; 95% CI, 1.36-38.99; P = .01).

Multivariate analysis. All variables significantly associ-
ated (P < .05) with vancomycin resistance or mortality by
univariate analysis were included in multivariate models (table
3). A duration of hospitalization of =7 days between admission
and the time of isolation of VREF was independently associated
with vancomycin resistance in all models tested (OR,
1.61-2.06).

As most patients (78%) had received one or more antibiotics,
we could not accurately determine the independent association
of each antibiotic with VREF acquisition in a single model.
However, in models that included each antimicrobial agent
separately controlled for age, intrahospital transfer, or duration
of hospitalization, vancomycin and use of third-generation
cephalosporins as well as a duration of =7 days of vancomycin
therapy before specimen collection were independently associ-
ated with acquisition of VREF.

Among VREF patients who were =50 years old, mortality
was independently associated with being in an ICU at the time
of VREF isolation (OR, 1.64; 95% CI, 1.15-2.36) and with
the preceding use of third-generation cephalosporins (OR, 1.73;
95% CI, 1.15-2.54). For control patients who were <50 years
old, death was independently associated with isolation of VSEF
from blood (OR, 1.81; 95% CI, 1.09-3.02).

Discussion

From September 1989 to October 1991, the number of New
York City hospitals reporting vancomycin-resistant enterococci
(VRE) increased from 1 to 38 [27]. In the study hospital, the
number of vancomycin-resistant strains among enterococcal
isolates identified from January 1990 through December 1992
increased from 15 (0.85%) of 1,763 to 170 (6.6%) of 2,581.
This increase was seen predominantly among E. faecium spe-
cies, and vancomycin resistance occurred in >50% of these
isolates in 1992. VREF infections in hospitalized patients in-

Table 2. Comparison of type and days of antimicobial therapy for cases (patients with VREF) and controls (patients with VSEF).

Cases Controls

Variable (n = 145) (n = 145) OR (95% CI)
Vancomycin* f 101 (70) 33 (23) 5.86 (3.32-10.32)
No. of days of vancomycin therapy before specimen collection

Mean (range) 12.50 (0-66) 12.27 (1-70) NS

Median 10 7

=7d 66 (65) 19 (58) 4.92 (2.64-9.15)

=14d 43 (43) 9 (27) 5.86 (2.63—13.06)
Third-generation cephalosporin** 86 (59) 47 (32) 3.29 (1.80-6.16)
Vancomycin or third-generation cephalosporin* 119 (82) 60 (41) 5.54 (3.07-10.0)
Vancomycin and third-generation cephalosporin* 68 (47) 20 (14) 6.33 (3.14-12.79)

NOTE. Values represent no. (%) of patients unless indicated otherwise. NS = not significant.

* Antibiotic administered before specimen collection.

" Time point of vancomycin use was not known for 6 of 111 VREF patients and 2 of 73 VSEF patients who received vancomycin during their hospital stay.
! During the study period, the relative percentage of the use of third-generation cephalosporins at the study hospital was as follows: ceftriaxone, 51%; ceftazidime,

46%; and cefotaxime, 3%.
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Table 3. Odds ratios and 95% confidence intervals for risk factors
independently associated with vancomycin resistance, as determined
by multivariate analysis, among cases (patients with VREF) and con-
trols (patients with VSEF).

Variable OR (95% CI)

Duration of hospitalization from admission to
specimen collection
=7d 2.06 (1.51-2.81)

Intrahospital transfer

To >1 floor 1.73 (1.50-2.34)

Antimicrobial treatment*
Vancomycin
Third-generation cephalosporin
=7 days of vancomycin therapy

235 (1.67-3.31)
1.93 (1.49-2.50)
1.87 (1.37-2.26)

* Before specimen collection.

creased 14-fold from 0.3/1,000 patient discharges in 1990 to
4.2/1,000 patient discharges in 1992.

These observations prompted us to examine risk factors for
acquisition of VREF by comparing patients who had VREF to
patients who had VSEF during the same period. Previous analy-
ses of risk factors have examined mostly outbreaks involving
a maximum of 46 VREF patients with control groups that did
not always include VSEF patients [8—16].

It has been unclear whether vancomycin resistance in
E. faecium contributes to increased patient mortality. Frieden
et al. reported an overall mortality of 42% for patients with
VRE in New York City hospitals [27]. In single outbreaks,
mortality among patients with VREF has ranged from 50% to
70% [11, 12, 15]. However, previous studies did not always
compare the mortality among patients with VREF to that
among patients with VSEF colonization or infection. We ob-
served that the overall mortality among patients with VREF
(37%) was twice that for patients with VSEF (19%). However,
patients with VSEF included 38 children <10 years old, and
stratification by age eliminated significant differences in mor-
tality between cases and controls.

Furthermore, the difference in the number of deaths per 100
person-days of hospitalization after diagnosis in the two groups
was also not statistically significant. Therefore, if mortality
is an indicator of severity of illness, these two groups were
comparable. We cannot exclude the possibility that other differ-
ences in the severity of illness may have confounded our re-
sults. However, controlling for these variables by matching
would have eliminated the possibility of recognizing them as
risk factors.

The median length of hospitalization of 27 days before
VREF isolation in our study group is similar to that reported
for VRE patients from other hospitals in New York City [27].
Prolonged hospitalization was identified as a risk factor for
vancomycin resistance in earlier studies [8—11].

We analyzed several time points in the duration of hospital-
ization and found that the risk of VREF was significantly in-
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creased in our patients when the overall duration of hospitaliza-
tion as well as the duration of hospitalization from admission
to specimen collection was =7 days. The mean length of stay
for all patients admitted to the hospital services where the
study patients resided was 12.6 days between March 1990 and
December 1992. Thus, as the problem of VREF increases in
hospitals, the likelihood of VREF acquisition can increase even
during a relatively short hospital stay.

ICUs may serve as reservoirs for nosocomial pathogens and
may enable them to spread throughout the hospital [28]. After
January 1992, our medical, cardiothoracic, and surgical ICUs
regularly had 1-2 new cases of VREF infection or colonization
each month, suggesting that this organism may be endemic, a
problem that has been noted in other hospitals in the United
States [2, 18, 28]. Intrahospital spread of VREF may have been
facilitated by patients who were transferred to more than one
ICU or more than one floor during their hospitalization. These
patients had a two- to threefold higher risk of acquiring VREF.

Prior use of antimicrobial therapy, including that with vanco-
mycin and cephalosporin, has been shown to be associated with
acquisition of VREF [8-10, 12, 14-18, 29]. However, our
results must be interpreted with caution since the selection of
controls based on VSEF isolates would have biased towards
selection of patients not likely to receive vancomycin. Further-
more, although antimicrobial use did show the strongest associ-
ation with vancomycin resistance, this study found several
other risk factors for vancomycin resistance with odds ratios
between 1.7 and 2.4. This finding may further help to explain
why Morris et al. did not observe a significant reduction in the
prevalence of VREF infection or colonization after instituting
measures for restriction of vancomycin [18].

Severe and immunocompromising illness has been associ-
ated with increased susceptibility to VREF, but no specific
underlying condition has been associated with the isolation
of this resistant pathogen. Impaired renal function has been
previously implicated as a risk factor in outbreaks of VREF
[10, 15].

In the present study, which had a sample size larger than that
of previous studies, the association between hemodialysis and
acquisition of VREF was significant. In addition, our results indi-
cated an association between vascular disease and VREF by uni-
variate analysis but not by multivariate analysis. This association
may be related to the spread of VREF strains among patients
with vascular disease (61%) who require intensive care.

In summary, our data suggest that prolonged hospitalization,
intrahospital transfers, and antimicrobial use place patients at
risk for VREF infection or colonization. With the spread of
VREF continuing unabatedly throughout hospitals in the
United States and Europe, research efforts must now be focused
on the identification of effective intervention strategies.
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