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In May 2000, the first outbreak of vancomycin-resistant Enterococcus faecium (VREF) was detected in the
University Medical Center Utrecht in the nephrology ward. The question arose why some VREF strains spread
among hospitalized patients, whereas other strains do not. Thirty patients who were found to be colonized with
VREF between May and November 2000 were included in the study. Molecular typing confirmed that 19 of
them carried an identical epidemic strain which harbored the esp gene while 11 were colonized by nonepidemic
strains that were all esp negative. Acquisition of the outbreak strain was significantly associated with diabetes
mellitus, renal transplantation, and extensive use of antibiotics, especially cephalosporins, in the 2-month
period before the first isolation of VREF. To establish the duration of colonization, prospective surveillance of
VREF carriage for a 6-month period starting from the first isolation of VREF was realized for 20 patients. After
6 months, VREF was still recovered from 60% of carriers of the outbreak strain versus 20% of carriers of
nonepidemic strains (P < 0.01). However, antibiotic use during the follow-up period was significantly higher
by carriers of the outbreak strain than by carriers of nonepidemic strains. The fact that the outbreak strain
was recovered for a longer period of time than nonepidemic strains may facilitate dissemination of the strain.
The results support a careful restrictive antibiotic policy for wards at risk for spread of VREF and implemen-
tation of isolation precautions for patients who are colonized with esp-positive outbreak strains.

Transmission of vancomycin-resistant Enterococcus faecium
(VREF) among patients has been an increasing problem in
many American hospitals since the nineties, which mirrors the
emergence of methicillin-resistant Staphylococcus aureus. Es-
pecially in immunocompromised hosts, VREF strains are im-
portant causative agents of nosocomial infections. Such infec-
tions are difficult to treat, since VREF strains are no longer
susceptible to most antibiotics (7, 23). Therefore, stringent
infection control guidelines were recommended by the Centers
for Disease Control and Prevention in 1994 to prevent noso-
comial spread of VREF (17).

Remarkably, the epidemiology of VREF in the United
States is distinct from that in Europe. In The Netherlands, as
in other European countries, VREF outbreaks have been re-
ported considerably less frequently than in the United States,
but carriage of VREF among healthy individuals in the com-
munity is not unusual in Europe (13, 28). This phenomenon
has been ascribed to the use of the vancomycin analogue
avoparcin as a growth promoter in the livestock industry until
it was banned by the European Union in 1997 (27). In the
United States, where the use of avoparcin has never been
allowed, VREF strains are not recovered from nonhospitalized
individuals and rarely recovered from farm animals.

Using molecular typing, it was shown that outbreak strains
isolated from hospitalized patients are genetically different

from VREF strains present in the fecal flora of nonhospital-
ized individuals (29). Interestingly, strains recovered from non-
hospitalized persons are genetically related to pig isolates (29).
In addition, hospital outbreak strains are distinguished by the
presence of the variant esp gene (30). This esp gene, which
encodes a surface protein, was first identified in Enterococcus
faecalis isolates and has been associated with increased viru-
lence (26).

In May 2000, we experienced the first VREF outbreak in our
institute (24). It is not known what determines why some
VREF strains spread among hospitalized patients, whereas
other strains which circulate in the community do not. In this
study, we characterized the epidemiology of colonization with
the outbreak strain, comparing risk factors for acquisition of
the outbreak strain versus nonepidemic VREF strains. In ad-
dition, VREF colonization was monitored in carriers of both
the outbreak strain and nonepidemic VREF strains for a
6-month period starting from the date of first isolation of
VREF, since several studies have demonstrated that many
patients colonized by VREF became persistent fecal carriers,
especially those who received antibiotic therapy (6, 10, 19, 22).

MATERIALS AND METHODS

Setting and patients. The University Medical Center Utrecht is a 1,042-bed
tertiary care center, where the first VREF outbreak was detected in May 2000.
Most patients who were found to be colonized by the outbreak strain were
hospitalized in the nephrology ward or were visitors to the hemodialysis ward,
but patients with the outbreak strain were also identified in the medical intensive
care unit, the neurosurgical ward, and miscellaneous wards (24). The guidelines
implemented to prevent nosocomial spread of VREF were based on Hospital
Infection Control Practices Advisory Committee guidelines and included sepa-
rate rooms, the use of gloves and gowns, disinfection of rooms after patients were
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discharged, and the use of vancomycin was limited as much as possible (17).
Weekly surveillance cultures were performed for all patients of the nephrology
and hemodialysis wards during the outbreak. Isolation precautions were re-
stricted to patients who were colonized by epidemic VREF strains; no specific
measures were installed for carriers of nonepidemic VREF strains (24). Patients
colonized by epidemic VREF strains were labeled in the hospital information
system so that isolation precautions for these patients could be installed as soon
as they entered the hospital again.

VREF-positive patients from whom follow-up cultures had been taken as part
of routine surveillance during the outbreak were included in the study. In addi-
tion, 38 patients who were found to be colonized by VREF during this outbreak
between May and November 2000 and had been discharged from our hospital
were sent a letter in which they were asked to participate in this study of VREF
carriage.

Microbiology and molecular typing. Patients were screened for carriage of
VREF by culturing rectal swabs in enterococcosel broth (Becton Dickinson,
Cockeysville, Md.) supplemented with aztreonam (75 mg/liter) at 37°C. Upon
black colorization within 48 h, the broth was subcultured on an enterococcosel
agar plate (Becton Dickinson), supplemented with aztreonam and vancomycin
(25 mg/liter) at 37°C for 48 h. Black colonies showing gram-positive cocci were
identified as VREF by APIstrep (bioMérieux, Marcy l’Étoile, France) and E-test
(MIC of vancomycin, �32 mg/liter; bioMérieux). VREF isolates were subjected
to multiplex PCR to detect vancomycin-resistance genes (van genes) and to esp
PCR as described previously (12, 30). To detect clustering, characterization of
VREF isolates was performed by pulsed-field gel electrophoresis (PFGE) as
described previously (1). In addition, normalized PFGE patterns were imported
into BioNumerics software (version 3.0; Applied Maths, Sint-Martens-Latem,
Belgium). The outbreak strain was defined as a vanA-positive, esp-positive E.
faecium strain, which was distinguished from nonepidemic strains by PFGE, with
a cutoff value of 80% genetic similarity for discrimination between distinct
clusters of strains. The outbreak strain has been described in reference 30 and
was designated Neth-2-1.

Risk factor analysis for VREF acquisition. Medical records from the included
patients were screened for risk factors for acquisition of VREF, including anti-
biotic use, medical history, invasive procedures, and length of stay. The records
of patients who were carriers of the epidemic strain were compared with those of
patients who carried nonepidemic strains.

Follow-up of VREF carriage. Prospective surveillance of VREF carriage was
performed to study the duration of colonization. For each patient, the date of
first isolation of VREF was designated day 0. For patients who were hospitalized
or who were visitors to the hemodialysis ward, surveillance cultures were per-
formed weekly. From then on, VREF carriage in patients was monitored for a
period of 6 months. Patients who were discharged from the hospital were asked
to take rectal swabs on 3 consecutive days each month for a period of 6 months.
They received culture materials and an instruction letter which explained how
rectal swabs should be taken. Only patients from whom at least three follow-up
cultures had been obtained, including at least one culture after 22 weeks of
follow-up, were included in the analysis of the follow-up study. Patients whose

last positive cultures were detected before the 22nd week of follow-up and from
whom only one or two subsequent negative follow-up cultures were registered
were excluded from the analysis. Follow-up of VREF carriage for both patient
groups was monitored on a Kaplan-Meier curve. By the end of the follow-up
period, patients were classified according to two categories: persisters and con-
verters. Persons whose rectal swabs yielded the original VREF strain after 22
weeks had passed since the first isolation of VREF, whether or not alternating
with negative culture results, were designated persisters. Converters were de-
fined as persons from whom the last three (or more) cultures were negative. The
average between the week of the last positive culture and the week of the first
following negative culture was designated the week of conversion. In addition,
carriage of a newly acquired VREF strain was documented. Length of stay and
antibiotic use were registered during the whole follow-up period.

Statistics. Statistical analyses were performed by using t test, Fisher’s exact
test, and �2 tests. Multivariate analyses were performed by using logistic regres-
sion and a Cox proportional hazard model. P values of �0.05 were considered
significant. As a measure of association, relative risks were calculated with their
95% confidence limits.

RESULTS

Patients. VREF carriers from whom weekly surveillance
cultures were available included 11 patients at the hemodial-
ysis ward and 2 patients who were hospitalized in the nephrol-
ogy department. In addition, a total of 38 patients who were
found to be carriers of VREF between May and November
2000 were asked to participate in this study of risk factors for
acquisition of the epidemic VREF strain and of the duration of
colonization with VREF. Seventeen of them responded posi-
tively and were included, 18 patients did not participate, and 3
patients had died before start of the study. Thus, a total of 30
patients were included; none of them developed a clinically
evident infection caused by VREF. Demographic and clinical
data for these patients are given in Table 1.

Microbiology and molecular typing. The first VREF isolates
from all patients, all from rectal swabs, were available for
analysis by PFGE and esp PCR. PFGE analysis revealed at
least nine distinct major PFGE types based on a cutoff value of
80% genetic similarity for discrimination between distinct clus-
ters of strains. Nineteen patients were found to be colonized by
the nosocomial outbreak strain, which clustered with other
epidemic genotypes according to amplified fragment length

TABLE 1. Variables in patients who contracted the outbreak strain versus patients who contracted nonepidemic strains (univariate analysis)

Risk factor for acquisitiona
Result for patients with:

RRb (95% CI)
Nonepidemic VREF (n � 11) Epidemic VREF (n � 19)

Mean age (yr) (range) 61.8 (18.0–86.1) 59.7 (37.7–80.5)
Sex (male/female) 8/3 11/8
Hospitalization in nephrology ward 7 (63.6) 11 (57.9)
Diabetes mellitus 0 (0) 6 (31.6)c 1.7 (1.1–2.6)
Hemodialysis 6 (54.5) 8 (42.1)
Kidney transplant 0 (0) 4 (21.1)d 1.6 (1.0–2.5)
Autologic bone marrow transplant 2 (18.2) 0 (0)
Mean length of stay (days) (range) 20 (0–94) 40 (0–209)
No antibiotics 1 (9.1) 0 (0)
1 Antibiotic 6 (54.5) 4 (21.1)
2–3 Antibiotics 2 (18.2) 13 (68.4)e 9.7 (1.6–59.7)
�4 Antibiotics 2 (18.2) 2 (10.5)

a Unless otherwise indicated, all data are numbers of patients, with percentages of the total number of patients indicated in parentheses.
b RR, relative risk.
c P � 0.037.
d P � 0.102.
e P � 0.008.
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FIG. 1. PFGE patterns of VREF isolates from 30 patients. Lanes marked by asterisks represent isolates belonging to the outbreak strain; the
remaining lanes represent isolates belonging to nonepidemic strains.
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polymorphism patterns (data not shown) (30). In addition, 11
patients were carriers of nonepidemic strains which were rep-
resented by eight other major types (Fig. 1). All isolates which
belonged to the outbreak strain harbored the esp gene,
whereas this gene was present in none of the nonoutbreak
isolates. All patient isolates recovered during the follow-up
period were analyzed by PFGE. Each patient from whom
VREF was repetitively cultured had a recurrence of coloniza-
tion with a strain that was indistinguishable from the prior
colonizing strain.

Risk factors for acquisition of the outbreak strain. Patients
who carried the outbreak strain were compared to patients
who were carriers of nonepidemic strains. The receipt of two
or more antibiotics and use of cephalosporins and clindamycin
during the 2 months prior to the first positive VREF culture
were associated with a significantly increased risk for acquisi-
tion of the outbreak strain (Table 2). In addition, diabetes
mellitus and renal transplantation were also significant risk
factors for acquiring the outbreak strain. Two or more antibi-
otics had been prescribed to 4 of 6 patients with diabetes and
to 2 of 4 patients who had undergone renal transplantation.
After logistic regression, only the use of cephalosporins during
the 2 months prior to the first positive VREF culture was a
significantly increased risk for acquisition of the outbreak
strain (P � 0.046).

Follow-up study of VREF carriage. Ten patients (9 carrying
the outbreak strain and 1 carrying nonoutbreak strains) were
excluded from follow-up during the study. Cultures had not
been taken after 22 weeks from five patients; from three other
patients, no more than two follow-up cultures were available at
all; and two additional patients who showed positive follow-up
cultures before the 22nd week showed only one and two sub-
sequently negative cultures, respectively. Thus, 20 of 30 pa-
tients fulfilled the inclusion criteria for analysis in the fol-
low-up study. From patients who were colonized by the
outbreak strain, an average of 10 follow-up cultures was ob-
tained (range, 3 to 24) while an average of 13 follow-up cul-
tures was available (range, 3 to 23) from patients who were
colonized by nonepidemic strains. Forty-seven percent of all
follow-up cultures from patients with the outbreak strain were
positive versus 15% of all follow-up cultures from patients with
nonepidemic strains. One patient who was carrying the out-
break strain at time zero converted; the first negative follow-up
culture was followed by a series of four negative cultures only.
The remaining nine patients, persisters, had positive cultures

in the sixth month of follow-up (Fig. 2). Four of them showed
intermittently positive cultures after a series of at least three
consecutive negative cultures, with relapse of VREF stool car-
riage after up to 15 negative cultures over a 3-month period in
one patient. In addition, eight carriers of nonepidemic strains
converted while the other two were classified as persisters
because of positive cultures after a series of negative cultures,
as shown in Fig. 2. After 6 months of follow-up, the outbreak
strain was detected in significantly more patients than were
nonepidemic strains (�2 � 9.899; P � 0.01). During follow-up,
patients with the outbreak strain had used significantly more
antibiotics, especially cephalosporins, than patients colonized
with nonepidemic strains, whereas no significant differences
with regard to hospitalization were noticed between the two
groups (Table 3). In a multivariate analysis using a Cox pro-
portional hazard model to control for different lengths of fol-
low-up, however, use of cephalosporins was not significantly
associated with prolonged VREF colonization. In this model,
carriage of the outbreak strain was the only significant risk
factor for prolonged carriage of VREF (hazard ratio, 5.6; 95%
confidence interval [CI], 1.2 to 25.7; P � 0.028). In addition to
duration of colonization with the initially cultured VREF
strain, acquisition of different strain types was documented. No
patient who was a carrier of the outbreak strain contracted a
new, nonepidemic VREF strain, and none of the carriers of
nonepidemic strains was found to be colonized by the outbreak
strain over the study period.

DISCUSSION

We studied the epidemiology of colonization with a partic-
ular epidemic VREF strain which clustered with other noso-
comial outbreak strains and, in accordance with these strains,
harbored the esp gene (30). For this purpose, we compared
patients who acquired the epidemic VREF strain with patients
who carried nonepidemic VREF strains. We showed that ac-
quisition of the outbreak strain was associated with receipt of
two or more antibiotics in the 2-month period before the first
isolation of VREF. In multivariate analysis, however, only pre-
scription of cephalosporins was significantly associated with
acquisition of the outbreak strain. Obviously, clearance of the
resident flora by antibiotics was associated with cross-transmis-
sion of the outbreak VREF strain between patients. In accor-
dance with this, Fridkin et al., who studied acquisition of a
dominant VREF strain in their hospital, reported that acqui-

TABLE 2. Antibiotic use in a 2-month period prior to the first isolation of VREF in patients who contracted the outbreak strain versus
patients who contracted nonepidemic strains (univariate analysis)

Antibiotic(s)

No. (%) of patients with:

RRa (95% CI) P valueNonepidemic VREF
(n � 11)

Epidemic VREF
(n � 19)

Penicillins 5 (45.5) 12 (63.2) 2.1 (0.5–9.3) 0.346
Cephalosporins 1 (9.1) 13 (68.4) 21.6 (2.2–210.1) 0.002
Aminoglycosides 2 (18.2) 2 (10.5) 0.5 (0.06–4.4) 0.552
Clindamycin 0 (0) 5 (26.3) 1.8 (1.3–2.5) 0.062
Quinolones 1 (9.1) 4 (21.1) 2.7 (0.3–27.5) 0.397
Glycopeptides 3 (27.3) 2 (10.5) 0.3 (0.04–2.3) 0.236
Other 6 (54.5) 4 (21.1) 0.2 (0.04–1.1) 0.060

a RR, relative risk.
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sition of this dominant strain among other VREF strains was
associated with intensity of antibiotic exposure (14). In our
study, patients with diabetes mellitus or renal transplantation
contracted the epidemic strain significantly more often than
nonepidemic strains. Although not supported by statistical sig-
nificance, prolonged hospitalization tended to be related with
acquisition of the outbreak strain as well.

While our study evaluated the risk of contracting a particular
outbreak strain among all patients who acquired VREF, most
other studies addressed risk factors for the acquisition of any
VREF strain. Several of these studies also identified antibiotic
therapy, especially treatment with antianaerobic antibiotics,
vancomycin, and expanded-spectrum cephalosporins (5, 11,
15–16, 20) as risk factors for acquisition of VREF. It is thought
that antibiotics promote the overgrowth of VREF in the intes-
tinal tract, primarily through the inhibition of intestinal anaer-
obes. Interestingly, Zaas et al. found that diabetes was a risk
factor for development of bloodstream infections with VREF

in patients with cancer who were colonized with VREF (31). In
addition, other factors such as underlying illnesses, compliance
with infection control measures, proximity to other VREF-
colonized patients, and prolonged or repetitive hospitalization
have been reported to affect acquisition of VREF (3, 5, 8, 16,
20, 31).

As patients are identified, it becomes important to know the
duration of colonization and when it is safe to remove patients
from isolation. The Hospital Infection Control Practices Ad-
visory Committee has recommended using three consecutive
negative cultures, at least 1 week apart, for determining clear-
ance of VREF from a previously colonized patient (17). How-
ever, it is known that VREF may be detectable for a prolonged
period of up to more than 2 years, sometimes despite numer-
ous negative follow-up cultures (22, 25). Unrecognized silent
carriage of VREF is among the most important factors leading
to person-to-person dissemination in the hospital (9, 21).
Therefore, patients who were colonized with the outbreak

FIG. 2. Kaplan-Meier curve of detectable VREF colonization in patients during a 6-month follow-up period starting from the first positive
VREF culture. Patients who were colonized with a particular outbreak strain (dashed line) were compared to patients who carried nonepidemic
strains (solid line). The P value was 0.0026 by log rank analysis.

TABLE 3. Variables for patients who were colonized with the outbreak strain and patients who carried nonepidemic strains during a 6-month
follow-up period starting from the first isolation of VREF

Patient variable during follow-up

Result for patients with:

RRa (95% CI) P valueNonepidemic VREF
(n � 10)

Epidemic VREF
(n � 10)

Mean length of stay (days) (range) 14.7 (0–57) 44.4 (5–181) 0.12
No. of days on antibiotic

Total 4.8 43.3 0.009
Cephalosporins 1 6 13.5 (1.2–152.2) 0.05
Clindamycin 1 3 3.8 (0.3–45.6) 0.58
Vancomycin 3 2 0.58 (0.08–4.6) 1.0

a RR, relative risk.
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strain in our hospital were subjected to isolation precautions
during the whole study period, even in the case of repetitive
negative follow-up cultures.

In course of the study period, VREF strains were detectable
in a decreasing number of patients. Prolonged carriage of the
outbreak strain was demonstrated in significantly more carriers
of the outbreak strain than in carriers of nonepidemic strains.
Remarkably, seven patients who showed a series of at least
three negative follow-up cultures, which even amounted to 15
over a 3-month period in one patient, were found to be VREF
positive again. Obviously, observed relapses of colonization are
at least partly due to the limited sensitivity of VREF culture
methods (2, 9). In this respect, the rates of isolation of VREF
from stool specimens have been reported to be significantly
higher than from rectal swabs, and broth enrichment is recom-
mended as well (9, 18). Thus, false-negative cultures may re-
flect a decrease in the quantity of VREF to an undetectable
level rather than true eradication.

We already showed differences between both patient groups,
with more diabetics and renal transplant patients carrying the
outbreak strain. Moreover, patients with the outbreak strain
also received more antibiotics than patients who carried non-
epidemic strains during the follow-up period. In addition, the
length of stay for patients with the outbreak strain was consid-
erably longer than for patients with nonepidemic strains, but
this observation was not supported by statistical significance,
probably due to small numbers of patients. Next to strain
characteristics, these patient-related factors may affect the du-
ration of colonization with VREF. In accordance, Roghman et
al. showed that oncology patients with persistent and intermit-
tent colonization were more likely to have received vancomy-
cin during hospitalization than patients who cleared VREF
(25). Byers et al. found that prolonged hospitalization, inten-
sive care, and antibiotic use were each associated with pro-
longed carriage of VREF (6). Other studies showed that treat-
ment with antianaerobic antibiotics promoted high-density
colonization in patients who were colonized by VREF (9, 11).

It has been reported that VREF isolates showed little vari-
ation within individual patients (4). In accordance, PFGE pat-
terns of subsequent VREF patient isolates showed that none
of the patients who were initially found to be colonized by the
outbreak strain acquired another, nonepidemic strain within
the follow-up period. In addition, none of the 11 carriers of
nonepidemic strains contracted the outbreak strain during the
study period, obviously due to successful implementation of
isolation precautions for carriers of the outbreak strain.

Some VREF strains, which are recognized in genetic clusters
and harbor the esp gene, are more prone to nosocomial dis-
semination than others (30). This study shows that a particular
outbreak strain which belongs to this cluster (strain Neth-2-1 in
reference 30) preferentially colonized patients who had been
subjected to extensive antibiotic exposure and certain patient
categories with underlying illnesses such as diabetes mellitus
and renal transplantation. We suggest that a careful restrictive
antibiotic policy should be pursued in wards at risk for the
spread of VREF to prevent dissemination of epidemic VREF
strains. We demonstrated that this outbreak strain was main-
tained in the fecal flora of the host for a significantly longer
period of time than nonepidemic strains, but we cannot ex-
clude the possibility that the extensive use of antibiotics by

patients with the outbreak strain during follow-up contributed
to the prolonged duration of colonization. Our results confirm
that a series of three negative follow-up cultures does not
guarantee elimination of VRE and support the importance of
prolonged hygienic precautions for patients who are colonized
by outbreak strains that harbor the esp gene, especially if these
patients are treated (again) with antibiotics. More studies are
necessary to elucidate the relative contributions of patient-
related factors, antibiotic treatment, and strain characteristics
to prolonged duration of VREF colonization.
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