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Abstract
Introduction:Vancomycin-resistant enterococci (VRE) have emerged as one of the major
nosocomial antimicrobial-resistant pathogens globally. In this article, we describe the
epidemiology of VRE in Singaporean public hospitals in the 5 years following the major
local VRE outbreak in 2005. Materials and Methods: A passive laboratory surveillance
programme identified non-duplicate VRE isolates from 7 hospitals from 2006 to 2010.
Descriptive statistics and time-series analysis was performed on all clinical VRE isolates
for each individual hospital as well as for the combined dataset. Results: There were a
total of 418 VRE isolates over 5 years, of which 102 isolates (24.4%) were from clinical
cultures. Between 0.4% and 0.7% of all clinical enterococcal isolates were resistant to
vancomycin. The overall incidence-density of VRE did not change over time in Singapore
despite 2 separate outbreaks in tertiary hospitals in 2009 and 2010. Incidence-density of
clinical VRE cases fell in 2 secondary hospitals, while another 2 hospitals experienced no
significant VRE infections after 2008. Conclusion: The prevalence of VRE clinical isolates
remains low in Singaporean public sector hospitals. However, the presence of at least 2
outbreaks in separate hospitals over the past 5 years indicates the need for continued
vigilance in order to prevent any further increase in VRE prevalence locally.
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Introduction
Vancomycin-resistant enterococci (VRE) rapidly became
a significant cause of nosocomial infections in many modern
hospitals worldwide following its emergence in 1986 in
UK and France.1,2 Although of lower virulence compared
to other common nosocomial pathogens, these hardy
organisms can cause serious and life-threatening infections,
especially in immunocompromised patients.3 In 2004, VRE
were classified along with 5 other groups of drug-resistant
microbes on the Infectious Diseases Society of America’s
list of global “bad bugs” for which the development of new
drugs was urgently required, comprising more than 27% of

enterococci from clinical samples in American intensive
care units in 2002.4
Two VRE outbreaks have been reported in Singaporean
hospitals to date.5 Both were caused by vanB-carrying
Enterococcus faecium and originated in Singapore’s largest
hospital, with the second outbreak involving multiple local
hospitals before it was finally controlled in mid-2005.6
The Network for Antimicrobial Resistance Surveillance
(Singapore) (NARSS) was established in December 2005
to conduct prospective laboratory- and pharmacy-based
surveillance of antibiotic resistance and prescription in
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local public sector hospitals. The objective of this study
was to analyse and describe the annual trend of VRE in
local hospitals in the years from 2006 to 2010, 5 years after
the last major outbreak.
Materials and Methods
Participating Hospitals and Period
Seven hospitals participated in this study. Hospitals 1,
2, 4 and 7 are secondary hospitals – Hospital 1 closed in
early 2010 while Hospital 4 started its inpatient service
shortly afterwards. Hospitals 5 and 6 are tertiary hospitals
while Hospital 3 offers only paediatrics and obstetrics/
gynaecological services.
The period of surveillance was from January 2006 to
December 2010. Hospital 1 provided data until December
2009 whereas Hospital 4 provided data only for the
second half of 2010. Complete datasets covering the entire
surveillance period were obtained from all other hospitals.
In general, active screening for VRE among inpatients was
not conducted at any hospital except during outbreaks,
where there was an increase in isolates obtained from
clinical specimens.

Data Collection
Microbiologic data were extracted from the
laboratory information system of each hospital and converted
centrally into a standard format using WHONET 5.5 (WHO,
Geneva, Switzerland), with duplicates eliminated on an
annual basis according to the guidelines of the Clinical and
Laboratory Standards Institute (CLSI).7 Infection control
staff provided the data for Hospital 5; laboratory staff
from all other hospitals provided the microbiologic data
directly. Identification and susceptibility testing of VRE
were performed at the level of the contributing laboratories.
VRE were segregated into clinical and screening isolates
based on culture specimens – isolates cultured from stool
and rectal swabs were considered screening isolates whereas
those cultured from all other patient sites were classified
as clinical isolates. Denominator data in the form of
hospital inpatient-days were obtained from the hospitals’
administrative records.
Statistical Analysis
Each individual hospital and the combined hospital VRE
results were expressed as incidence-density per 10,000
inpatient-days respectively for each year. These series were
then explored independently for trend over time by linear

Fig. 1. Incidence-density and number of vancomycin-resistant enterococci isolates from clinical and blood cultures, by hospital, 2006-2010.
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Table 1. Number of vancomycin-resistant enterococci (VRE) and percentage of vancomycin resistance among all Enterococcus spp. isolates in Singaporean
hospitals.
Year

All VRE isolates, number
(range*)

Percentage vancomycin
resistance^ (range*)

Clinical VRE isolates,
number (range*)

Percentage clinical
vancomycin resistance^
(range*)

2006

57 (0-20)

1.5% (0%-6.9%)

15 (0-7)

0.4% (0%-1.5%)

2007

78 (0-26)

1.6% (0%-7.1%)

19 (0-7)

0.6% (0%-2.5%)

2008

71 (0-23)

1.5% (0%-6.2%)

12 (0-5)

0.4% (0%-1.8%)

2009

114 (0-74)

3.3% (0%-4.5%)

22 (0-10)

0.7% (0%-2.3%)

2010

98 (0-41)

2.3% (0%-6.6%)

20 (0-13)

0.7% (0%-2.4%)

* Distribution range among participating hospitals.
^ Calculated using the number of all Enterococcus spp. cultured as the denominator. Results from Hospital 5 were not included as the denominator figures
were not available.

regression, corrected for first-level autocorrelation using
the Cochrane-Orcutt estimation following determination of
the Durbin-Watson statistic. A coefficient of determination
(R2) of >0.3 coupled with P ≤0.05 was considered to be
a statistically significant trend result. Statistical analysis
was performed using Stata 11.1 (Statacorp, Texas, USA).

all hospitals were combined (coefficient 0.007; 95%CI:
-0.022 to 0.035; P = 0.417; R2 = 0.34). For Hospitals 2
(coefficient -0.038; 95%CI: -0.074 to -0.001; P = 0.047; R2
= 0.91) and 7 (coefficient -0.013; 95%CI: -0.023 to -0.003;
P = 0.029; R2 = 0.94), the incidence-density of clinical
VRE cases decreased significantly over the 5-year period.

Results
There were 418 non-duplicate VRE isolates cultured over
the 5-year period, of which 102 (24.4%) were from clinical
specimens. Of the latter, 21 (20.6%) were obtained from
blood cultures, while the majority (91.4%) of the remaining
isolates was from urine cultures. These isolates included
E. faecalis, E. faecium as well as other Enterococcus spp.
reported by the contributing laboratory as being resistant
to vancomycin. E. faecium was the most prevalent,
representing between 78.9% to 91.8% of VRE isolated
over 5 years, whereas non E. faecalis/faecium isolates
comprised <2% of all VRE isolated. The total number of
VRE isolated in the study period along with the percentage
of vancomycin resistance is shown in Table 1, whereas the
number and incidence-density of clinical VRE isolates by
hospital is shown in Figure 1. None of the VRE isolated in
Hospitals 1 and 3 were E. faecalis or E. faecium.
The increased number of all (screening plus clinical)
VRE isolates in 2009 and 2010 were due to outbreaks in
the 2 tertiary hospitals (Hospitals 6 and 5 respectively).
Hospital 6 saw a threefold increase in incidence-density
of all VRE isolates within a year to 1.54 cases per 10,000
inpatient-days in 2009, whereas a similar increase was seen
in Hospital 5 (to 1.21 cases per 10,000 inpatient-days) in
2010. Overall, however, there was no statistically significant
increase/change in trend with regards to the incidencedensity of clinical VRE isolates at Hospital 5 (coefficient:
0.004, 95%CI: -0.030 to 0.037; P = 0.737; R2 = 0.67) and
6 (coefficient: 0.070, 95%CI: -0.066 to 0.206; P = 0.158;
R2 = 0.71). There was also no change in the trend of the
incidence-density of clinical VRE isolates when data from

Discussion
Enterococcal resistance to vancomycin and teicoplanin is
mainly due to the alteration of the amino acid composition
of its cell wall terminus, resulting in reduced binding
affinity. This alteration is associated with a number of
genetic clusters, of which vanA, vanB and vanC have
primarily been found in clinical enterococcal isolates to
date. The former 2 clusters are encoded on mobile genetic
elements that can be transferred between Enterococcus
spp. and even unrelated organisms such as Staphylococcus
aureus, resulting in vancomycin-resistant S. aureus.8,9 A
small (<2%) proportion of VRE in this study comprised of
non-E. faecium/non-E. faecalis isolates. These were labeled
as VRE if the contributing laboratory had reported them as
being resistant to vancomycin. Although they are grouped
together with vancomycin-resistant E. faecium and E.
faecalis as VRE collectively, the implications of isolating
these other Enterococcus spp. (including E. casseliflavus,
E. durans, E. gallinarum, etc.) differ significantly. It is
important to note that they are less pathogenic and their
vancomycin resistance determinants (generally vanC) are
almost invariably chromosomally mediated and therefore
far less transmissible. They are not thought to pose a
significant public health threat, and strict infection control
measures such as patient isolation are not required if these
organisms are cultured.10
Our surveillance showed that the overall incidence of
VRE in Singapore is stable, albeit with small outbreaks
identified occasionally in tertiary hospitals. As each
outbreak generally resulted in increased active screening
of contacts and high-risk patient populations, there was a
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marked increase in the number of VRE screening isolates
uncovered during those periods, along with a corresponding
increase in the incidence-density of all VRE cases. However,
the actual number of clinical isolates—and by extension,
infections—did not increase significantly despite these
outbreaks, and the prevalence of VRE clinical isolation/
infections locally remains comparatively lower than in
many hospitals in developed countries such as the US.11
No formal molecular typing was done except in Hospital 5,
where the vast majority of VRE isolates were vanB-carrying
E. faecium with identical variable-number tandem repeat
profiles compared to the major outbreak VRE clones in 2005
(data not shown).12 Given these results, it is plausible that
the outbreak strains from 2005 have become entrenched in
Singaporean hospitals, maintaining a low level of endemicity
interspersed with occasional outbreaks.
It is less clear why local VRE clinical isolation rates have
remained low compared to many western hospitals, and this
is despite much higher prevalence of other antimicrobialresistant pathogens in Singaporean hospitals.13 Perhaps the
substantial effort invested by Hospital 6 in controlling the
VRE outbreak in 2005,6 followed by enhanced measures
aimed at controlling methicillin-resistant S. aureus in
most local hospitals,14 have prevented VRE from reaching
an epidemic tipping point to date. Two of the 6 hospitals
(Hospitals 1 and 3—Hospital 4 was excluded as it had
been in operation for less than a year) have remained free
of outbreak strains of VRE over this period. The reasons
for this success are unknown. It is plausible that the
different patient population (paediatrics and obstetrics/
gynaecology services) of Hospital 3 prevented significant
cross-transmission between this and other hospitals,
whereas Hospital 1—the smallest acute care public sector
hospital in Singapore at 400 beds—may have lacked the
critical mass of susceptible patients for clinical VRE
infections to occur. Nonetheless, it would be premature to
conclude that this state of affairs will remain unchanged
and heightened compliance to infection control practices
as well as continued surveillance is necessary in order to
forestall future outbreaks.
There are several limitations to this form of surveillance.
As only microbiology laboratory reports were reviewed,
it was not possible to glean the impact of infection control
or antimicrobial utilisation on VRE rates. Secondly,
beyond isolates from blood cultures, it was impossible
to differentiate colonisation from infection in the nonscreening isolates, as the majority of these VRE were
obtained from non-sterile sites such as urine samples. The
lack of molecular typing for the vast majority of these
isolates also precluded confirmation of the presence of
entrenched circulating VRE strains except at one hospital.
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Conclusion
This is the first comprehensive national survey on
VRE since the last major published outbreak in 2005. The
prevalence of this organism remains low in Singaporean
public sector hospitals. However, the presence of at least 2
small outbreaks in separate hospitals over the past 5 years
indicates the need for continued vigilance in order to prevent
further dissemination and corresponding increases in VRE
prevalence locally.
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