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Contact precautions are recommended in hospitals to prevent the transmission of vancomycin-resistant enterococci
(VRE); however, there is no clear policy for how long patients should be under contact precautions due to a lack of infor-
mation on the duration of carriage of these organisms. We conducted a retrospective cohort study to understand the dura-
tion of carriage of VRE (by screening of a single stool culture) and associated factors among patients who had been identi-
fied with VRE infection and/or colonization since the year 2000 at our health facilities. Of the 345 eligible participants, 136
did not respond, 90 declined to participate, and 16 did not send in the required specimens. Of the 103 remaining partici-
pants, 13 were found to have current VRE fecal carriage. The proportion of colonized patients fell from 40% (2/5) in the
first year to 23.3% (7/30) in year 4. None of the 40 patients who had VRE detected >4 years prior were found to be colo-
nized at the time of the study. The longest duration of detected VRE positivity was 46.5 months. Univariate analysis re-
vealed that recent exposure to any antibiotics (P � 0.016), multiple antibiotics (P � 0.001), amoxicillin-clavulanic acid
(P � 0.021), piperacillin-tazobactam (P � 0.007), glycopeptides (P < 0.001), meropenem (P � 0.007), aminoglycosides
(P � 0.021), or fluoroquinolones (P � 0.021), being the index case in a clinical specimen (P � 0.016), and recent hospital-
ization (P < 0.001) were significantly associated with continued carriage on follow-up. In the surviving outpatients, a sig-
nificant proportion appeared to clear VRE carriage. Our results suggest that in the absence of recent risk factors, such as
hospitalization or antibiotic use, patients with a remote history of colonization (>4 years) may no longer require contact
isolation precautions.

Contact precautions are recommended in hospitals to prevent
and control the transmission of vancomycin-resistant entero-

cocci (VRE). There is controversy as to how long patients with
VRE should be kept under contact precautions. Currently, in
some health facilities, colonization is assumed to be lifelong, and
many hospitals therefore presume “once colonized, always colo-
nized.” No treatments have been shown to eradicate VRE carriage.
Although prolonged fecal colonization has been documented for
up to 709 days, the proportion of patients carrying VRE over time
is uncertain (1). Most follow-up studies have been performed over
periods of, at most, 2 to 3 years (1–4). The reemergence of carriage
after apparent clearance has been demonstrated to be particularly
associated with antibiotic selection pressure (1, 5). Relapse or re-
acquisition of VRE has been reported in 7.8 to 27% of patients
who had 3 prior consecutive negative cultures of stool or rectal
swab specimens (3, 4, 6).

The increasing cumulative number of colonized patients re-
quiring contact precautions poses difficulties for patient flow and
management due to varied availability of and competing priorities
for single rooms in hospitals. In Australia, where the vanB geno-
type VRE predominates, we are aware of a diversity in infection
control practices that are adopted by various hospitals, owing to
limited evidence for a standard protocol. In this study, we aimed
to measure the duration of fecal VRE carriage by surveying pa-
tients who had been detected to have VRE colonization and/or
infection since the year 2000 and to identify the factors associated

with long-term persistent colonization or recolonization in this
patient group.

MATERIALS AND METHODS

Study design and setting. We performed a retrospective cohort study of
patients who had previously attended Alfred Health and were found to
have colonization and/or infection with VRE. Alfred Health consists of
three hospitals, the Alfred Hospital, Caulfield Hospital, and Sandringham
Hospital, in Melbourne, Australia. Our hospitals primarily serve the
southern region of Melbourne and metropolitan Melbourne but receive
patients from throughout the state of Victoria for specialty services. Since
1997, approximately 1,600 patients have been detected with VRE coloni-
zation at these facilities. The majority of cases were detected at Alfred
Hospital, which is a 350-bed tertiary referral hospital with specialist ser-
vices in solid organ transplantation, hematology and bone marrow trans-
plantation, HIV/AIDS, burns, and trauma, with a 36-bed intensive care
unit.
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Participants and data collection. Patients known to have coloniza-
tion and/or infection with VRE between January 2000 and December
2011, who were not known to have died, and were aged �18 years at the
start of study (July 2012) were further assessed for possible inclusion in the
study. Patients were excluded if known to have terminal illness when they
were last reviewed, had cognitive or psychiatric issues precluding consent,
were discharged for palliative or high-level nursing home care, were reg-
istered on a “do not call” registry, were �90 years of age at the time of
follow-up, or had no known address, a temporary address, or were an
overseas resident (Fig. 1).

An information folder containing the details of the study outcomes,
risks and benefits, and consent forms with reply-paid return envelopes for
study participation were mailed to the eligible participants. Further infor-
mation on their queries was offered via telephone by a research nurse.
Reply-paid envelopes containing a specimen collection kit, a written de-
scription of the appropriate feces specimen collection protocol, and a
questionnaire asking for information on recent hospitalizations, medical
procedures, and medications were sent to the consenting patients.

Specimen collection and microbiology. We adopted the fecal speci-
men collection strategy as described previously for the Australian Na-
tional Bowel Cancer Screening Program using fecal occult blood testing
(7). A single stool specimen was obtained by participants and returned to
the Infection Prevention Unit via the mail in Australia Post-approved
packaging. Specimens were sent to the laboratory at Alfred Hospital after
the research nurse ensured that the sample was adequate. The specimens
were then plated onto bile esculin medium (BBL Enterococcosel agar;
BBL, Cockeysville, MD) with 6 �g/ml vancomycin and incubated at 37°C
for up to 72 h. Enterococcus species were identified using the Vitek 2
system (bioMérieux). A PCR was used to detect the vanA or vanB genes, as

described previously (8). VRE colonization was considered positive if an
isolate of Enterococcus faecalis or Enterococcus faecium with a vanA or vanB
gene was detected. VRE isolates from the same participants, which were
previously isolated and stored at �80°C, were revived on blood agar cul-
ture plates. Paired, first-time, and current isolates of E. faecium were as-
sessed for genetic relatedness by high-resolution melting (HRM) geno-
typing, as previously described (9).

We defined the index strain as the strain that was isolated when the
patient was first detected with VRE and the follow-up strain as the isolate
that was detected as part of this study. In those patients found to be
colonized at the time of the study, we defined persistence as when the
index and follow-up strains were of the same HRM type and recoloniza-
tion as when the index and follow-up strains were different on HRM
genotyping.

Statistical analysis. We compared categorical variables with chi-
square test or Fisher’s exact test and continuous variables with the Wil-
coxon rank-sum test or Student’s t test among participants with and with-
out current VRE carriage. Odds ratios for current VRE carriage were
calculated with 95% confidence intervals. A P value of �0.05 was consid-
ered to indicate statistical significance. All the statistical analyses were
conducted in Stata 12.1 (StataCorp, College Station, TX).

This study was reviewed and approved by the Alfred Health Human
Research Ethics and Monash University Human Research Ethics commit-
tees.

RESULTS

Of the 908 patients that were not known to have died, contact
details were available for 731 (80.5%). Of the 386 excluded pa-
tients, 25.1% had a terminal illness or were in palliative care,
28.5% were �90 years of age, 15.5% had known cognitive disor-
ders, 8.8% had psychological issues precluding consent, 7.8%
were unable to communicate in English, 9.3% were in high-level
nursing home care, and 13.5% had other reasons for exclusion,
including being aged �18 years.

A total of 345 patients were invited to participate, of whom 136
did not respond, 90 declined to participate, and 16 did not return
a specimen (Fig. 1). Of the 103 participating patients known to
have had previous VRE colonization or infection, 13 were found
to have VRE fecal carriage on follow-up. All index isolates of VRE
were of the vanB genotype from E. faecium, except one that was of
the vanB genotype from E. faecalis, whereas all follow-up VRE
isolates were vanB E. faecium. The proportion of colonized pa-
tients fell from 40% (2/5) in the first year to 23.3% (7/30) in year 4
(Fig. 2). None of the 40 patients whose VRE detection was �4
years prior were found to be colonized on follow-up. The longest
detected duration of VRE carriage was after 46.5 months. In the 63
patients where follow-up was for �4 years since the initial VRE
detection, 24 (38.1%) had recent exposure to antibiotics (Fig. 2),
and 14 (22.2%) had been hospitalized within the previous 3
months. Among the 40 patients with index VRE colonization for
�4 years, 16 (40%) had a recent exposure to antibiotics; however,
only 4 (11.1%) had a recent inpatient hospital stay.

Patient characteristics among the current VRE-positive and
VRE-negative participants were similar (Table 1). However, a
higher odds of current VRE carriage was observed if the first-time
VRE detection was from a clinical specimen rather than from rec-
tal swab screening (P � 0.016).

Factors associated with colonization on follow-up. Recent
hospitalization (any type) (P � 0.001), unplanned or urgent hos-
pitalization (P � 0.001), planned or elective hospitalization (P �
0.03), and the use of any antibiotics (P � 0.016), oral antibiotics
(P � 0.04), intravenous antibiotics (P � 0.001), and multiple

FIG 1 Flowchart showing recruitment for participation in study. The num-
bers of each patient are indicated in parentheses.
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antibiotics (P � 0.001) were all associated with VRE carriage on
follow-up (Table 1). Regarding specific antibiotics, recent expo-
sure to amoxicillin-clavulanic acid (P � 0.021), piperacillin-tazo-
bactam (P � 0.007), glycopeptides (P � 0.001), meropenem (P �
0.007), fluoroquinolones (P � 0.021), and aminoglycosides
(0.021) was associated with VRE carriage on follow-up (Table 2).

HRM genotyping of E. faecium. Of the 11 patients with avail-
able paired isolates, the index and follow-up isolates were the same
melting type (MelT) in 6 patients. Five patients had different
MelTs for the index and follow-up isolates. One patient had E.
faecalis initially and E. faecium carriage on follow-up. All 6 with
different strain types or species had recent exposure to antibiotics
compared with 2 of 6 with persistence of the original strain type
(P � 0.06, Fisher’s exact test). The longest persistence of the same
strain was 3.5 years (Table 3). In addition, 4 out of 6 patients with
a discordant strain or species type had recent exposure to both
antibiotics and hospital admission compared to only 1 out of 6
with a concordant strain or species type.

DISCUSSION

In this study, we found that although the duration of carriage of
detectable colonization can be as long as 4 years, a significant
proportion of discharged patients either clear or cease shedding
VRE in their feces after 1 year. This is a significant finding that
favors a risk-based use of contact precautions rather than a uni-
versal application of lifelong contact precautions in all previously
identified VRE-positive patients. While it remains unclear
whether there is low-level colonization below the limit of detec-
tion that might intermittently reemerge, these results suggest that
patients with a remote history of colonization (�4 years prior)
may not necessarily require contact precautions on subsequent
admission to a health care facility. The use of glycopeptides, pip-
eracillin-tazobactam, and meropenem was strongly associated

with persistent VRE carriage, and the use of such antibiotics in
colonized patients seems to be an important factor in maintaining
endemicity.

Our findings are consistent with those of a recent study that
looked at discharged hospital patients and estimated that approx-
imately 95% of patients cleared VRE after 30 weeks from the initial
acquisition (10). However, others have reported that prolonged
fecal VRE carriage is dependent on several factors, including re-
cent exposure to antibiotics, longer length of hospital stay, re-
peated hospital admissions, surgery, and high-risk patient groups,
such as those on dialysis (10, 11).

The HRM genotyping results suggest that at least half of the pa-
tients who were VRE positive at the time of the study were recolo-
nized with new strains, as was suggested by the genetic discordance
between the index and follow-up strains. Recent exposure to antibi-
otics was much higher in patients with discordant strains, suggesting
that frequent and/or long-term antibiotic administration may have
led to recolonization. Other studies have also reported different
strains in the same patients when the two colonization and/or infec-
tion events are separated by relatively long time intervals (12). In
addition, the dominant strain of VRE involved in outbreaks appears
to be changing over time, as evidenced in another Australian hospital
(13). This suggests that prolonged colonization may not be a primary
driver of endemicity in hospitals.

We observed that long-term carriage was associated with index
isolation of VRE from a clinical culture rather than a surveillance
rectal culture (P � 0.016). This may be because the patients with
positive clinical cultures are more severely ill, require treatment
with more antibiotics, and have more frequent hospitalizations.
However, we did not find any association between the type of
index case (clinical specimen versus surveillance rectal swab) and
recent exposure to antibiotics, hospitalization, or comorbidity in-
dex at the time of study. Of note, we are not able to exclude the

FIG 2 Current VRE colonization status over time according to recent exposure to antibiotics. Dotted line (secondary axis), proportion of VRE-positive patients
by year since the index isolation of VRE.
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TABLE 1 Demographic and clinical characteristics of VRE-positive and VRE-negative participants

Variablesa

VRE statusb (n)

Odds ratio (95% CI)c PPositive (13) Negative (90)

Patient characteristics (at time of study)
Median age (yr) (Q1, Q3) 60.9 (58.5, 62.5) 62.6 (53.1, 71.4) 0.8
Charlson comorbidity index (mean [SD]) 0.85 (1.14) 0.64 (0.98) 0.5
Male 8 (61.5) 45 (50.5) 1.6 (0.4–6.5) 0.5
Chronic abdominal conditions 1 (7.7) 15 (16.7) 0.4 (0.02–2.7) 0.5
Previous organ transplant 4 (30.7) 23 (25.6) 1.3 (0.3–4.6) 0.6
Diabetes 3 (23.1) 8 (8.9) 3.1 (0.6–13.2) 0.08

Patient characteristics (index case)
Clinical culture vs. surveillance rectal swab 9 (69.2) 31 (34.4) 4.3 (1.1–20.3) 0.016

Patient categories
Respiratory/transplants 3 (23.1) 7 (7.7) 3.6 (0.6–15.8) 0.06
Cardiac/transplants 1 (7.7) 15 (16.7) 0.4 (0.1–2.7) 0.5
Burns/trauma 4 (30.7) 10 (11.1) 3.6 (0.7–15.8) 0.06
Hematology 0 (0.0) 13 (14.4) 0.2
Infectious diseases 1 (7.7) 4 (4.4) 1.8 (0.1–15.6) 0.3
Gastrointestinal/colorectal 0 (0.0) 14 (15.6) 0.1
Plastic surgery 2 (15.4) 4 (4.4) 3.9 (0.4–24.3) 0.09
Others 2 (15.4) 21 (23.3) 0.6 (0.1–2.7) 0.6

Recent exposures (�3 mo)
Hospitalization 7 (53.8) 11 (12.2) 8.4 (1.9–35.6) �0.001
Unplanned or urgent hospitalization 4 (30.1) 4 (4.4) 5.3 (2.1–13.4) �0.001
Planned or elective hospitalization 3 (23.1) 5 (55.5) 5.1 (0.7–30.5) 0.03
Any antibiotic 9 (69.2) 31(34.4) 4.3 (1.1–20.3) 0.016
Antibiotic treatment (oral) 8 (61.5) 30 (33.3) 3.2 (0.9–11.5) 0.04
Antibiotic treatment (intravenous) 5 (38.5) 4 (4.4) 13.4 (2.7–64.0) 0.001
Multiple antibiotics 6 (46.2) 7 (7.8) 10.2 (2.5–39.4) 0.001
Hospitalization plus antibiotics 5 (38.5) 3 (3.33) 18.1 (3.4–101.4) 0.001
Oral steroids 5 (38.5) 15 (16.7) 3.1 (0.8–10.9) 0.09
Overseas travel 0 (0.0) 10 (11.1) 0.2
Farm animals 1 (7.7) 10 (11.1) 0.7 (0.03–4.6) 0.8
Endoscopy within 12 mo 1 (7.7) 9 (10.0) 0.7 (0.01–6.4) 0.8
Abdominal surgery within 12 mo 0 (0.0) 4 (4.4) 0.7

a Q1, 1st quartile; Q3, 3rd quartile; SD, standard deviation.
b Data are presented as no. (%) of patients, unless indicated otherwise.
c CI, confidence interval.

TABLE 2 Recent exposure to antibiotics in VRE-positive and VRE-negative participants

Antibiotics

No. (%) with VRE status:

Odds ratio (95% CI) PPositive Negative

n 13 90
Penicillins 3 (23.1) 9 (10.0) 2.7 (0.5–11.4) 0.1
Cephalosporins 1 (7.7) 6 (6.7) 1.2 (0.1–8.8) 0.8
Trimethoprim 1 (7.7) 2 (2.2) 3.7 (0.1–50.4) 0.2
Trimethoprim-sulfamethoxazole 3 (23.1) 9 (10.0) 2.7 (0.5–11.4) 0.1
Amoxicillin-clavulanic acid 2 (15.4) 1 (1.1) 16.2 (1.1–481.2) 0.021
Piperacillin-tazobactam 3 (23.1) 0 (0.0) 0.007
Glycopeptides 4 (30.7) 1 (1.1) 39.6 (4.1–985.5) �0.001
Macrolides 2 (15.4) 7 (7.7) 2.2 (0.3–11.1) 0.2
Meropenem 2 (15.4) 0 (0.0) 0.007
Aminoglycosides 2 (15.4) 1 (1.1) 16.2 (1.1–481.2) 0.021
Tetracyclines 0 (0.0) 1 (1.1) 0.6
Fluoroquinolones 2 (15.4) 1 (1.1) 16.2 (1.1–481.2) 0.021
Fosfomycin 1 (1.1) 0 (0.0) 0.6
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possibility that patients with index clinical cultures had more fre-
quent hospitalizations, more exposure to antibiotics, and differ-
ences in comorbidities at the time of first acquisition, which may
be associated with a higher colonization density. Similar associa-
tions have also been observed in patients with carbapenem-resis-
tant Enterobacteriaceae spp., where repeat hospitalization and de-
tection of the index case in a clinical specimen (as opposed to a
surveillance culture) were associated with longer duration of car-
riage following hospital discharge (14).

We used a relatively new approach for genotyping based on a
high-resolution melting curve analysis of 8 single nucleotide poly-
morphisms (SNPs) within 4 of the 7 housekeeping genes em-
ployed in multilocus sequence typing (MLST) of E. faecium and
that is referred to as HRM genotyping. This method has been
reported to be highly concordant with MLST or pulsed-field gel
electrophoresis (9). However, we cannot exclude the possibility of
discordant strains in follow-up due to colonization with multiple
genotypes during the index colonization period, or because of
inter- or intraspecies lateral vanB gene transfer to susceptible
strains of E. faecium within the human intestines (15, 16).

This study has several limitations. First, a large proportion of
patients with prior VRE colonization were excluded before invi-
tation to participate in the study. This was inevitable given that
age, palliation status, and cognitive and psychological issues pre-
cluded informed consent. Additionally, only 30% of the eligible
patients participated in this study, despite secondary contact with
those who did not initially decline to participate. Although this is
similar to the participation rates in fecal occult blood test bowel
cancer screening using specimen collection from outpatients via
the postal service (7, 17), we cannot exclude the possibility of
selection bias due to nonresponse. Second, we do not have infor-
mation on the potential patient risk factors during the time of
index strain isolation and over subsequent years, which might
have contributed to sustained colonization. Third, the number of
patients with current VRE colonization was low, and thus we have
limited statistical power to detect other factors that are potentially
associated with persistent colonization. Finally, the identification

of current VRE colonization in our study was based on the detec-
tion of VRE in a single stool culture. Although stool culture is
more sensitive than other methods of screening, such as rectal
swabs, some studies suggest that it is not as sensitive as multiple
stool specimens, and therefore we may have underestimated the
proportion with persistent VRE carriage (5). However, it is also
likely that participants whose cultures were falsely negative were
likely to have VRE present in low densities (18). Low-density car-
riage is probably of marginal clinical significance, as there is evi-
dence that patients with low-level carriage are at a lower risk of
contaminating patient skin or the hospital environment (18, 19).

In conclusion, a significant proportion of patients initially
found to have positive cultures for VRE had negative cultures on
follow-up. It remains unclear whether this represents a level of
colonization below the limit of detection that has the potential to
reemerge, but it nevertheless suggests that patients without recent
exposure to antibiotics or hospitalization and with a remote his-
tory of colonization (�4 years prior) may not require continued
contact isolation precautions. VRE endemicity seems to be sus-
tained by a combination of prolonged colonization and recoloni-
zation events in patients with recent antibiotic exposure and/or
hospital inpatient stay. Prudent use of antimicrobials and im-
provements in standard infection prevention and control mea-
sures, including risk assessment, should be the mainstay of hospi-
tal control programs where VRE has become established.
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TABLE 3 Genotyping of isolates

Patient no.

Melting type of VRE
isolate

Time since first
isolation (yr)

Recent
hospitalization

Recent
antibiotic use Type of antibiotic(s) receivedPrevious Current

1 121 121 2.16 No No None
2 121 121 2.13 No No None
3 121 121 1.89 No No None
4 121 121 3.49 Yes No None
5 121 121 3.2 Yes Yes Vancomycin, teicoplanin, meropenem, piperacillin-tazobactam,

amoxicillin, norfloxacin, fosfomycin, Bactrim, gentamicin
6 121 11 3.65 No Yes Flucloxacillin
7 121 11 3.78 No Yes Cephalexin
8 121 10 0.84 Yes Yes Vancomycin, meropenem
9 121 10 3.82 Yes Yes Vancomycin, piperacillin-tazobactam, amoxicillin-clavulanate
10 116 184 0.94 Yes Yes Vancomycin, piperacillin-tazobactam, ciprofloxacin
11 11 11 3.29 No Yes Azithromycin, amoxicillin-clavulanate, Bactrim
12 Enterococcus

faecalis
Enterococcus

faeciuma

3.22 Yes Yes Vancomycin, tobramycin, Bactrim, azithromycin, trimethoprim

13 E. faeciuma E. faecium
(116)

1.43 Yes Yes Amoxicillin

a Isolate not available for high-resolution melting (HRM) analysis.
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