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We prospectively identified patients at the Massachusetts General Hospital from whom vancomycin-resis-
tant enterococci (VRE) were isolated from a clinical specimen from 1 January 1991 through 31 December 1995.
VRE strains were available from 139 (82%) of the 169 patients with clinical cases. Of these, 39 (28%) were
identical or closely related by pulsed-field gel electrophoresis (i.e., VRE type A strain), including 38 (43%) of
89 VRE strains in 1995. By multivariate analysis, acquisition of the VRE type A strain was associated with
receipt of clindamycin (odds ratio [OR] 5 10.5), 15 or more days of hospitalization before the first isolation
of VRE (OR 5 2.9), and residence on one of the general medical floors (OR 5 7.8). The VRE type A strain was
a vanA strain of Enterococcus faecium and was highly resistant to all antimicrobial agents tested except
chloramphenicol. These findings document the rapid dissemination of a highly resistant strain of E. faecium
among patients and among other extant VRE strains at the Massachusetts General Hospital in 1995.

In the United States, enterococci are a leading cause of
nosocomial infections, and vancomycin resistance is increas-
ingly a problem among enterococcal isolates (2, 9, 14). Most
vancomycin-resistant enterococci (VRE) have the VanA phe-
notype, characterized by high-level resistance to vancomycin
and teicoplanin (5). Outbreaks of VRE infection associated
with a clonal strain of Enterococcus faecium or Enterococcus
faecalis strains of the VanA phenotype have been reported
among patients on special care units (1, 10, 16, 23). However,
risk factors promoting the hospital-wide dissemination of a
clone of vanA VRE have not been characterized previously.

In January 1993, we initiated prospective laboratory-based
surveillance for VRE among patients at Massachusetts Gen-
eral Hospital (MGH), an 800-bed teaching hospital and ter-
tiary care referral center in Boston, Mass. We now report on
the epidemiologic and microbiologic characterization of the
first 169 patients identified with clinical VRE infection at our
hospital. Analysis of surveillance data and pulsed-field gel elec-
trophoresis (PFGE) of DNA from VRE strains facilitated the
identification and characterization of a highly resistant clone of
E. faecium vanA that rapidly disseminated throughout the hos-
pital in 1995. The observation that a single strain type was able
to emerge among multiple other extant resistant strains to
become the dominant VRE strain in the hospital is novel and
suggests that this strain may have characteristics that differ
from those of other equally resistant VRE strains that allow it
to persist and spread in the hospital environment.

(This study was presented in part at the 36th Interscience
Conference on Antimicrobial Agents and Chemotherapy, New
Orleans, La., 15 to 18 September 1996.)

MATERIALS AND METHODS

Surveillance definitions and case finding. A case patient was defined as any
patient at MGH from whom a vancomycin-resistant enterococcal strain was
isolated from a clinical specimen from 1 January 1991 through 31 December
1995. Thirty-four patients from whom VRE were isolated only from rectal swab
surveillance cultures performed in 1995 were excluded from this study. Infection
control practitioners identified patients infected with VRE by daily review of the
computer listing of positive cultures generated by the Microbiology Laboratory.
Demographic and clinical data were collected for all patients from whom VRE
were isolated.

Clinical VRE isolates were classified as being associated with active infection
or colonization by using standard definitions of the Centers for Disease Control
and Prevention (13) and were classified as (i) community acquired if the sample
that was cultured was obtained before or within the first 24 h of admission to
MGH, (ii) nosocomially acquired if the sample for culture was obtained more
than 24 h after admission and at least one culture of a sample from the same
body site was negative for VRE before the index sample was culture positive (i.e.,
the first culture from which VRE was isolated), and (iii) indeterminate if the
sample for culture was obtained more than 24 h after admission and there was
not at least one culture of a sample from the same body site that was negative for
VRE before the index sample was culture positive.

VRE infection control procedures. Since January 1993, any patient from whom
VRE was isolated from a clinical specimen or surveillance rectal swab was placed
on contact precautions (3). Since September 1994, the use of oral vancomycin
was restricted for the primary treatment of Clostridium difficile-associated diar-
rhea. The use of intravenous vancomycin, however, was not restricted. Beginning
in 1995, rectal swab culture surveys were conducted on an inpatient unit when-
ever three or more patients from that unit had been identified to be infected or
colonized with VRE within the prior 30 days.

Microbiologic analysis. In the MGH Microbiology Laboratory, enterococci
were identified by pyrazinamidase and esculin tests (VisiSpot; J & S Medical
Associates, Natick, Mass.) and with the Vitek GPI Card (bioMerieux Vitek, Inc.,
Hazelwood, Mo.). Brucella agar supplemented with 5% horse blood (BBL,
Cockeysville, Md.) was used to isolate enterococci. Standard disk diffusion anti-
microbial susceptibility tests were performed on all clinical enterococcal isolates
except those from respiratory and vaginal secretions (19). The MIC of vanco-
mycin was determined for isolates with vancomycin zones of inhibition of 8 to 16
mm by the E-test (AB Biodisk, Solna, Sweden). For purposes of surveillance,
enterococcal isolates with vancomycin zones of inhibition of #16 mm in diameter
were considered to be VRE and were included in this study.

All clinical VRE isolates were further characterized by one of us (D.A.P.).
Identification of enterococci was performed by using the test scheme defined by
Facklam and Collins (12) with the modification of Ruoff and colleagues (20). The
MICs of vancomycin, ampicillin, and teicoplanin were determined by the meth-
ods of the National Committee for Clinical Laboratory Standards, except that
brain heart infusion agar (Difco Laboratories, Detroit, Mich.) was used instead
of Mueller-Hinton agar to aid in identifying the growth of the enterococci (19,
21). High-level gentamicin (.500 mg/ml) and streptomycin (.2,000 mg/ml) re-
sistance were determined by use of the brain heart infusion agar screening
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method (19). E. faecium or E. faecalis isolates were defined as having the VanA
phenotype if the vancomycin MIC was $64 mg/ml and the teicoplanin MIC was
$2 mg/ml. These two species were defined as having the VanB phenotype if the
vancomycin MIC was $8 mg/ml and the teicoplanin MIC was ,2 mg/ml. For
VanC strains vancomycin MICs were 8 to 16 mg/ml and teicoplanin MICs were
,2 mg/ml.

PFGE was performed with a CHEF-DRII apparatus (Bio-Rad, Hercules,
Calif.) after digestion of chromosomal DNA with SmaI (7). Strains that differed
by three or fewer bands by visual inspection were considered to be derived from
the same strain (22). Electrophoretic studies were repeated by digestion of
chromosomal DNA of the predominant strain identified by initial analysis (i.e.,
VRE type A) with ApaI. The vancomycin resistance genotype of VRE type A was
determined by PCR with vanA- and vanB-specific primers selected from pub-
lished gene sequences (8, 11, 15).

Data analysis. Surveillance data were collected and analyzed by using EpiInfo
software (version 6.01) (6). Proportions were compared by using the chi-square
test or Fisher’s exact test, as appropriate. Continuous variables were compared
by the Wilcoxon rank sum test. To determine risk factors for acquisition of VRE
type A compared with acquisition of VRE of other PFGE strain types, we
restricted the analysis to the cohort of patients infected or colonized with clinical
VRE isolates during 1995 from whom VRE strains were available for analysis.
We then calculated the isolation rate ratios and 95% confidence intervals for the
isolation of VRE strain type A according to selected demographic and clinical
characteristics. Stepwise logistic regression analysis was performed by using
SPSS/PC1 software (version 4.0; SPSS Inc., Chicago, Ill.) and BMDP software
(release 7.0; BMDP Statistical Software, Los Angeles, Calif.), and the goodness-
of-fit chi-square value for the model was determined. All P values are two-tailed.

RESULTS

Surveillance data. From 1 January 1991 through 31 Decem-
ber 1995, VRE were isolated from one or more clinical spec-
imens from 169 patients at MGH (Fig. 1). The proportion of
enterococci that were resistant to vancomycin increased from
0.06% in 1991 to 9.0% in 1995 (P , 0.001). The rate of clinical
VRE per 1,000 patient-days increased significantly, from 0.084
in 1993 to 0.15 in 1994 to 0.46 in 1995 (P , 0.001).

Of the 169 patients who had clinical cases, 97 (57%) were
female, and the patients ranged in age from 4 to 96 years
(median age, 64 years). Acquisition of VRE was classified as
nosocomial for 97 (57%) patients, indeterminate for 40 (24%)

patients, and community acquired for 32 (19%) patients. All
but six (4%) patients were hospitalized at MGH on the date
that VRE was first cultured. Patients with VRE isolates were
identified from 34 of the 43 patient care units, including 7
(79%) of 9 intensive care units and 27 (79%) of the 34 non-
intensive care units. VRE were most frequently isolated from
urine and wound specimens (55 and 14%, respectively); 43
(25%) VRE isolates were from sterile body sites, including
blood (14 [8%]), bile (12 [7%]), and abscess fluid (10 [6%]).
One-half of the clinical VRE isolates (n 5 85) were associated
with infections. Most patients (147 [87%]) had received one or
more antimicrobial agents within the previous 30 days, most
commonly intravenous vancomycin (84 [50%]).

Microbiological data. VRE strains from 139 (82%) of 169
patients with clinical cases were available for further analysis
(Table 1). Most of the strains were E. faecium, which com-
prised 28% (7 of 25), 48% (12 of 25), and 89% (79 of 89) of the
VRE strains from the periods 1991 to 1993, 1994, and 1995,
respectively (P , 0.001). Of the 98 strains identified as E.
faecium, two had low levels of resistance to vancomycin and
were susceptible to ampicillin (MICs, #8 mg of vancomycin per
ml and #1 mg of ampicillin per ml), suggesting the possibility
that they were motility-negative Enterococcus gallinarum.
These two strains were isolated in 1993 and 1994.

Of the 139 VRE strains, 92 (66%) had a VanA phenotype,
28 (20%) had a VanB phenotype, and 19 (14%) had a VanC
phenotype. The Van phenotypes for each species are indicated
in Table 1. The proportion of VRE strains that had a VanA
phenotype was significantly greater in 1995 compared with that
in the period from 1991 to 1994 (74 of 89 [83%] versus 18 of 50
[36%], respectively; P , 0.001).

PFGE analysis of the 139 VRE strains revealed at least 74
distinct PFGE strain types, including 43 distinct PFGE strain
types among the 98 E. faecium strains and 31 distinct PFGE
strain types among 41 non-E. faecium VRE strains. Among the

FIG. 1. Clinical cases of VRE infection or colonization determined by PFGE at MGH from 1991 to 1995. The solid bars indicate patients with cases of infection
associated with VRE PFGE type A, the open bars indicate patients with cases of infection associated with VRE of other PFGE types, and the cross-hatched bars
indicate patients from whom no isolate was available for typing.
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non-E. faecium isolates, there were 16 PFGE strain types
among 22 E. faecalis isolates, 9 types among 13 E. gallinarum
isolates, and 6 types among 6 Enterococcus casseliflavus iso-
lates. No PFGE strain type was identified from more than 3
(7%) of 41 patients who had non-E. faecium VRE strains. In
contrast, among the 98 E. faecium strains analyzed by PFGE,
39 (40%) were identical or closely related (VRE strain type A)
(Fig. 2). No other E. faecium PFGE strain type was identified
from more than four patients.

The E. faecium type A strain was highly resistant (MICs,
1,024 mg of vancomycin per ml, 256 mg of teicoplanin per ml,
and 128 mg of ampicillin per ml) and expressed high-level
resistance to both gentamicin and streptomycin. The strain
exhibited in vitro susceptibility only to chloramphenicol. A
1-kb vanA-specific DNA fragment was amplified from the E.
faecium type A strain by PCR. Of the remaining 41 non-type A
E. faecium strains identified in 1995, 39 (95%) were also highly

resistant to vancomycin (MIC, $256 mg/ml) and 35 (85%)
were highly resistant to teicoplanin (MIC, $16 mg/ml).

Outbreak strain. The type A VRE strain was first identified
during October 1994 from a urine sample obtained from a
57-year-old female patient resident on a surgical unit 37 days
following emergency transfer from another hospital; VRE had
not been isolated from seven prior urine cultures. During 1995,
VRE type A was isolated from 38 (43%) of the 89 patients with
clinical VRE strains (Fig. 1). Patients infected with VRE type
A were resident on 20 different patient care units, and no unit
had more than five patients from whom VRE type A was
identified. Of the 38 cases associated with VRE type A during
1995, 16 (47%) represented infections, including infections of
urine (n 5 9), blood (n 5 3), abscess (n 5 2), and other sites
(n 5 2). Acquisition was classified as nosocomial for 26 (68%)
patients, indeterminate for 9 (24%) patients, and community
acquired for 3 (8%) patients, each of whom was infected with
VRE type A. The median durations of hospitalization before
the samples referred for culture were obtained were 29 days
(range, 5 to 168 days) and 4 days (range, 2 to 63 days) for those
patients with nosocomial and indeterminate modes of acquisi-
tion, respectively. Each of the three patients with community-
acquired VRE type A infection had been hospitalized at MGH
within 30 days of the separate hospital admission when VRE
was first isolated, with a median of 6 days of hospitalization
(range, 1 to 8 days) between the last culture negative for VRE
and the time that sample referred for culture was positive.

Risk factors for acquisition of VRE type A. By univariate
analysis, the rate of acquisition of VRE type A was significantly
greater among patients who had received intravenous clinda-
mycin or vancomycin, had prior infection or colonization with
methicillin-resistant Staphylococcus aureus, had a chest tube,
and were hospitalized on one of the general medical floors
(unit A) (Table 2). In addition, the rate of acquisition of VRE
type A increased significantly with increasing duration of hos-
pitalization before the date that VRE was first cultured (P 5
0.041). The rate of acquisition of VRE type A also increased
with an increase in the number of antimicrobial agents admin-

FIG. 2. PFGE banding pattern of chromosomal DNA from enterococcal
strains from four patients infected with E. faecium type A. Strains were selected
from the index patient from October 1994 (lanes 1 and 6) and one patient each
from March (lanes 2 and 7), July (lanes 3 and 8), and November (lanes 4 and 9)
1995. DNA was digested with SmaI (lanes 1 to 4) or ApaI (lanes 6 to 9) and was
subjected to electrophoresis with the CHEF-DRII system by using pulse intervals
of 1 to 28 s at 180 V for 20 h. Lane 5, bacteriophage lambda ladder molecular size
standards. Numbers to the left of the figure indicate DNA fragment sizes.

TABLE 1. Identification and antimicrobial resistance of clinical VRE isolates, 1991 to 1995

Enterococcus
species

No. (%) of isolates
(n 5 139)a

Antimicrobial
agent

MIC (mg/ml) Van
Phenotypeb

No. (%) of VRE isolates

Range 50%c 1991–1994 1995 Total

E. faecium 98 (71) Vancomycin 8–2,048 1,024 VanA 14 (16) 73 (84) 87
Ampicillin 0.5–128 64 VanB 5 (45) 6 (55) 11
Teicoplanin 0.5–512 128

E. faecalis 22 (16) Vancomycin 8–2,048 64 VanA 4 (80) 1 (20) 5
Ampicillin 0.5–64d 1 VanB 13 (76) 4 (24) 17
Teicoplanin 0.5–512 0.5

E. gallinarium 13 (9) Vancomycin 8–16 16 VanC 11 (85) 2 (15) 13
Ampicillin 0.5 0.5
Teicoplanin 0.5 0.5

E. casseliflavus 6 (4) Vancomycin 8–16 8 VanC 3 (50) 3 (50) 6
Ampicillin 0.5 0.5
Teicoplanin 0.5 0.5

All species VanA 18 (24) 74 (76) 92
VanB 18 (64) 10 (36) 28
VanC 14 (74) 5 (26) 19

a VRE isolates were available from 139 (82%) of 169 patients from whom a clinical specimen grew VRE on culture.
b See Materials and Methods for definitions of Van phenotypes.
c 50%, MICs at which 50% of isolates are inhibited.
d For only a single isolate was the ampicillin MIC 64 mg/ml.

VOL. 35, 1997 DISSEMINATION OF E. FAECIUM vanA CLONE 1567



istered, but it did not reach the level of statistical significance
(P 5 0.068). Acquisition of VRE type A was also more likely
to be classified as nosocomial or indeterminate compared with
acquisition of other VRE types (35 of 38 [92%] versus 39 of 51
[76%], respectively; P 5 0.015). The rate of acquisition of VRE
type A did not differ significantly by patient sex or age, receipt
of oral vancomycin or metronidazole, prior diagnosis of C.
difficile-associated diarrhea, surgical procedure, or medical
conditions. When outcome was examined, there was no signif-
icant difference between patients infected with VRE type A
and patients infected with other VRE types according to the
total duration of hospitalization (mean, 51.6 6 38.1 versus
53.2 6 51.0 days, respectively; P 5 0.60) or in-hospital mor-
tality (11 of 38 [29%] versus 9 of 51 [18%], respectively; P 5
0.21).

In a multivariate model including all 89 patients with clinical
VRE, independent predictors of acquisition of VRE type A
were receipt of clindamycin (odds ratio [OR] 5 10.5; 95%
confidence interval [95% CI] 5 1.1 to 97.5; P 5 0.012), 15 or
more days of hospitalization before the first isolation of VRE
(OR 5 2.8; 95% CI 5 1.1 to 7.5; P 5 0.027), and residence on
medical unit A (OR 5 7.8; 95% CI 5 0.8 to 79.8; P 5 0.044).
The model fit the data well (Hosmer-Lemeshow goodness-

of-fit chi-square 5 2.35; P 5 0.80). When the analysis was
restricted to cases of infection classified as nosocomial or in-
determinate or as nosocomial only, receipt of clindamycin was
the only independent predictor of acquisition of VRE type A.

DISCUSSION

MGH experienced a dramatic rise in the proportion of en-
terococci that were resistant to vancomycin beginning in 1993.
Analysis of surveillance and microbiology data suggested that
before 1995, VRE were introduced into MGH from multiple
sources and that nosocomial transmission of VRE was not
sustained. During the period from 1991 to 1994, there was a
heterogeneity of VRE species and a diversity of the PFGE
strain types that were identified, with no one PFGE strain type
being identified from more than three patients. In contrast,
during 1995, there were at least 38 cases of infection or colo-
nization of a clinical site with a single clone of highly resistant
vanA E. faecium.

The hospital-wide dissemination of a single clone of vanA E.
faecium has not been reported previously, nor have risk factors
for acquisition been characterized except for those involving
outbreaks in special care units (1, 10, 16, 23). Although the

TABLE 2. Rate of isolation of VRE type A strains in 1995 among patients in MGH with VRE isolates, univariate analysis

Factor Total no. of patients
(n 5 89)

No. of patients
infected with type A

strain (n 5 38)
Rate (%) Rate ratio (95% CI) P value

Clindamycin treatment
No 81 31 38.3 1.0
Yes 8 7 87.5 2.2 (1.6–3.4) 0.019

Intravenous vancomycin treatment
No 45 15 33.3 1.0
Yes 44 23 52.3 1.6 (1.0–2.6) 0.071

Chest tube
No 84 34 40.5 1.0
Yes 5 4 80.0 2.0 (1.2–3.3) 0.16

Prior isolation of methicillin-resistant S. aureus
No 73 28 38.4 1.0
Yes 16 10 62.5 1.6 (1.0–2.6) 0.077

Patient was unit A on the day that VRE was
first cultured (n 5 86)a

No 80 33 41.2 1.0
Yes 6 5 83.3 2.0 (1.3–3.2) 0.057

Duration of hospitalization to date VRE first
cultured (days)

0–1 14 3 21.4 1.0
2–14 25 8 32.0 1.5 (0.5–4.7)
$15 50 27 54.0 2.5 (0.9–7.1) 0.041b

No. of antimicrobial agents
0 12 3 25.0 1.0
1–3 42 15 35.7 1.4 (0.5–4.1)
$4 35 20 57.1 2.3 (0.8–6.4) 0.068b

Type of acquisition
Community 15 3 20.0 1.0
Indeterminate 21 9 42.9 2.1 (0.7–6.6) 0.15c

Nosocomial 53 26 49.1 2.4 (0.8–7.0) 0.044c

a Excludes outpatients (n 5 3).
b Chi-square test for trend.
c Compared with community acquisition.
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clonal dissemination of a single E. faecium vanB strain was
identified at five hospitals in the San Antonio, Tex., area dur-
ing 1993 and 1994, cross-transmission of E. faecium vanA was
limited (17). In addition, a clone of E. faecium was isolated
from nine patients at three hospitals in Michigan and Illinois
from 1990 to 1992, but the resistance phenotype of the strain
was not stated, nor were risk factors for interhospital transmis-
sion examined (4). VRE type A appears to differ from other
VRE strains present at the time of its emergence in its ability
to establish dominance in the hospital. We are investigating
microbial factors that might promote the selection and dissem-
ination of the type A VRE strain over other prevalent VRE
strains.

Of note, VRE type A continued to be isolated from clinical
specimens and rectal swabs obtained from patients at MGH
during 1996 and was isolated from patients from at least one
other Boston teaching hospital during 1996 (12a). At this other
hospital in 1996, type A also emerged as a dominant VRE
strain among other extant VRE strains, thus providing further
evidence for the distinct biological properties of strain A. Al-
though we cannot rule out the possibility that VRE type A was
periodically reintroduced into the hospital from new source
patients during 1995, ongoing nosocomial transmission seems
the most likely source of acquisition of the outbreak strain. For
most patients (68%), nosocomial acquisition was documented
during prolonged hospitalizations. In addition, each of the
three patients classified as having community-acquired VRE
type A had recently been hospitalized at MGH and therefore
could have acquired the strain during the previous admission.
The classification of cases as community acquired was for sur-
veillance purposes and does not exclude the possibility that
patients may have acquired VRE during a previous hospital
admission.

By univariate analysis, we found that receipt of clindamycin
and vancomycin and prior isolation of methicillin-resistant S.
aureus (a correlate of having received vancomycin) were each
associated with an increased rate of isolation of VRE type A
compared with VRE strains of other PFGE types. These find-
ings suggest that antimicrobial pressure, particularly receipt of
agents with activity against anaerobes and vancomycin, may
have promoted the development of VRE infection among pa-
tients with stool colonization and the emergence of the VRE
type A strain among other extant VRE strains at MGH during
1995. We did not determine the duration of antimicrobial
therapy in this heavily treated cohort of patients. Several stud-
ies, however, have correlated the acquisition of VRE with the
intensity and duration of antimicrobial therapy (10, 16).

Although the outbreak of VRE type A could not be attrib-
uted to a change in infection control policies or patient care
practices, acquisition of VRE type A was associated with an
increased duration of hospitalization, suggesting that expo-
sures in the hospital setting promoted the emergence and
dissemination of this strain. A common vehicle of transmission
was unlikely to account for the outbreak. While one medical
unit was associated with the acquisition of VRE type A, only 5
(13%) of the 38 patients infected with this strain were resident
on this unit during 1995, and infected or colonized patients
were associated with 20 different patient care units. We were,
however, limited in our ability to characterize the epidemiol-
ogy of the early outbreak period, especially the distribution of
PFGE types by unit, because only eight (25%) VRE isolates
were available from the 32 patients with cases of infection
identified from October 1994 to March 1995.

Recommendations for detecting, preventing, and controlling
the spread of VRE have recently been published and empha-
size the use of barrier precautions and the prudent use of

vancomycin (3). Since 1994, oral vancomycin has not been used
at MGH for the primary treatment of antibiotic-associated
colitis, and the annual pharmacy expenditure for oral vanco-
mycin formulations (tablets and liquid) decreased 51%, from
$31,932 in 1994 to $15,914 in 1995. In contrast, intravenous
vancomycin use has not been restricted and the annual phar-
macy expenditure for injectable vancomycin increased 51%,
from $214,897 in 1991 to $324,881 in 1995. To date, the effec-
tiveness of the restriction on vancomycin use on reducing the
rate of VRE colonization and infection has not been demon-
strated. Despite substantial reductions in both oral and intra-
venous vancomycin use, Morris et al. (18) found no decrease in
the prevalence of vancomycin resistance among enterococci at
a large hospital with a consistent level of 20% colonization with
VRE strains. Further careful epidemiologic studies are needed
to determine the impact of restriction of antimicrobial use in
limiting the spread of VRE, especially in hospitals where VRE
is now endemic. This study emphasizes the importance of the
systematic collection of surveillance data and strain typing in
characterizing the epidemiology of the evolving VRE epi-
demic. The study further suggests that VRE strains differ in
their biological properties that allow them to persist and
spread within the hospital. Elucidating the bacterial virulence
factors that contribute to the organism’s survival in the hospital
environment and transmissibility have been little studied and
may prove to be as important as epidemiologic factors in un-
derstanding the acquisition and pathogenesis of nosocomial
VRE infections.
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