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Abstract Objective: To clarify whether there were clandestine intra-hospital spreads of
vancomycin-resistant Enterococcus faecium (VRE-fm) isolates that led to specific strain of VRE
lingering in the hospital and/or developing outbreaks that rendered a progressively increasing
trend of healthcare-associated infections due to VRE-fm (VRE-fm-HAIs).
Setting: Despite implementing strict contact precautions for hospitalized patients with VRE-fm-
infection/colonization, number of VRE-fm-HAIs in amedical centre in southern Taiwanwere esca-
lating in 2009e2019, paralleling an increasing trend of community-acquired VRE-fm- infections.
Methods: We analyzed epidemiologic data and genotypes of non-duplicate VRE-fm isolates each
grown from a normally sterile site of 89 patients between December 2016 and October 2018;
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Pulse-field gel
electrophoresis
typing
multilocus sequence typing (MLST) and pulse-field gel electrophoresis (PFGE) typing were per-
formed.
Results: Totally 13 sequence types (STs) were found, and the 3 leading STs were ST17 (44％), ST78
(37％), and ST18 (6％); 66 pulsotypes were generated by PFGE. Four VRE-fm isolates grouped as
ST17/pulsotypeS, 2 as ST17/pulsotypeAS, 2 as ST17/pulsotypeAU, and3 as ST78/pulsotypeVgrew
from clinical specimens sampled less than one week apart from patients staying at different
wards/departments and/or on different floors of the hospital.
Conclusions: Despite possible small transitory clusters of intra-hospital VRE-fm spreads, therewas
no specific VRE-fm strain lingering in the hospital leading to increasing trend of VRE-fm-HAIs during
the study period. Strict contact precautions were able to curb intra-hospital VRE-fm spreads, but
unable to curb the increasing trend of VRE-fm-HAIs with the backdrop of progressively increasing
VRE-fm-infections/colorizations in the community.
Copyright ª 2023, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Since vancomycin-resistant Enterococcus (VRE) isolates were
first identified in Europe in 1986 and were found later in
North America in 1988,1,2 globally distributed infections due
to VRE isolates of differing strains have been increasingly
reported.2 VRE isolates are often multidrug-resistant,2e4 and
vancomycin-resistant Enterococcus faecium (VRE-fm) iso-
lates are especially clinically important,2e5 as they often
caused healthcare-associated infections (HAIs) in vulnerable
patients with multiple comorbidities, leading to substantial
mortality.2e4,6 Proposed recommendations for curbing
increasing trends of VRE infections included prudent anti-
biotic use within the framework of antimicrobial stewardship
to minimize antibiotic selective pressure,7,8 taking care of
patients with standard precautions, and strict contact/
isolation precautions.9,10

As for Taiwan, the first VRE-fm infection casewas reported
in 1996, and increasingly erupting VRE-fm infections have
been found ever since.2 Surveillance data disclosed a marked
increase inVRE-fm isolates from12.4% in 2007 to 40.6% in 2016
among the overall enterococci isolated from patients staying
at intensive-care units of medical centers in Taiwan.4

Despite adopting strict contact precautions for hospi-
talized patients with VRE-fm infection/colonization, num-
ber of HAIs due to VRE-fm (VRE-fm-HAIs) in Kaohsiung
Chang Gung Memorial Hospital (KSCGMH), a large medical
centre in southern Taiwan, have been escalating, paral-
leling the increasing trend of community-acquired VRE-fm-
infections.4,11 To clarify whether or not there were clan-
destine intra-hospital spreads of VRE-fm that led to specific
strain(s) of VRE-fm lingering in the hospital or developing
nosocomial outbreaks that rendered a progressively
increasing trend of healthcare associated VRE-fm-HAIs,
VRE-fm isolates grew from culture of specimens sampled
from normally sterile sites of patients suffering HAI be-
tween December 2016 and October 2018 at KSCGMH were
genotyped for analysis12; specifically, multilocus sequence
typing (MLST) was performed to evaluate the epidemio-
logical clonal relatedness of the VRE-fm isolates, and pulse-
field gel electrophoresis (PFGE) typing was carried out to
clarify whether there were intra-hospital VRE spreads or
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outbreaks of HAIs due to VRE-fm during this time period.12

The implications of results would be discussed.
Methods

Hospital setting, infection control practice and
surveillance, and antimicrobial stewardship

KSCGMH is a 2680-bed facility serving as a primary care and
tertiary referral medical centre, in which infection control
practice has been implemented following the principle rec-
ommended by the CDC.10 Clinical specimens that grew VRE-
fm in this report were sampled based on diagnostic at-
temptsmadeby clinicians during their daily clinical practices.
Specimen sampling was carried out at any time point during
patients’ hospitalization, beginning from patients’ arrival at
the hospital to being released from the facility. Hospitaliza-
tion referred to patients’ overall stay at the facility receiving
medical treatment; for some patients, the overall stay
included an initial stay at KSCGMH’s Emergency Services and
subsequent admission to ward for continuous treatment. A
specimen for bacterial culture sampled upon a patient’s
admission to hospital ward from the community or upon a
patient’s arrival at our Emergency Services referred to one
that was sampled at day zero when it comes to evaluate the
timing of VRE-fm being isolated in hospitalized patients.

According to the standard operation procedure of the
KSCGMH’s clinical microbiology laboratory, once a bacte-
rium was grown from a specimen sampled from a patient’s
normally sterile sites (i.e., blood, cerebrospinal fluid,
pleural effusion, pericardial effusion, ascites and synovial
fluid), in addition to clinically reporting the results of
bacterial culture and antibiotic susceptibility tests, the
isolated bacterium would be stored at �70 �C in skim milk
until the laboratory storage capacity being full; the storage
of a bacterium usually spanned approximate 3 years before
the microbe was discarded. In case a VRE or other
multidrug-resistant microbes (e.g., methicillin-resistant
Staphylococcus aureus, carbapenem-resistant Acineto-
bacter baumannii, and carbapenem-resistant Enterobac-
teriaceae) were isolated, the clinical microbiology
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laboratory personnel would immediately notify the medical
staff caring for the patient and the nursing staff in the ward
where the patient was staying for rapidly starting contact
precautions.

Strict contact precautions adopted for hospitalized pa-
tients with VRE-fm infection/colonization by KSCGMH
included immediate transferal of the patient in question to
an isolation room upon receiving the clinical microbiology
laboratory’s notification of the growth of VRE-fm from
whatever specimen, adherence to strict hand hygiene by
caretakers, medical/nursing staff wearing a gown and gloves
before entering the isolation room, and follow-up evaluation
of VRE-fm carriage by sampling specimen literally one week
apart from the patient’s original infection site, or from feces
if the improved infection site made sampling from it no
longer possible, for bacterial culture. Contact precautions
were lifted only when 2 successive culture results were
negative for VRE-fm. Regular active HAI surveillance was
carried out by the experienced staff composed of the same
senior infection-control practitioners throughout the study
period under the supervision of an infectious-diseases
specialist (Dr. J-W Liu).13,14 HAls and their pathogens were
identified based on the CDC diagnostic criteria for nosoco-
mial infections at the hospital’s regular active surveillance15;
each infection was assessed for evidence linking to acquisi-
tion at hospitalization to determine whether the infection
was healthcare-associated.15 VRE-fm infections lacking evi-
dence of acquisition at hospitalization referred to
community-acquired VRE-fm infections. Medical records of
patients with VRE-fm-HAI were retrospectively reviewed for
retrievals of demographic and clinical information for anal-
ysis. In comparisons of demographic and clinic data with
hypothesis testing between different groups, the Student’s
t-test was used for continuous variables, and the c2 test or
Fisher’s exact test was used for categorical variables,
wherever applicable. The chi-squared test for trend was
used, with post hoc comparisons, if necessary. Results were
considered statistically significant at a 2-tailed P
value < 0.05. Data in this study were analyzed anonymously;
the study was conducted with a waiver of patient consent,
approved by the Institutional Review Board of Chang Gung
Memorial Hospital.

A HAI cluster referred to an incident in which two or more
patients were experiencing temporally linked HAIs caused by
the same strain of a bacterium. An HAI outbreak was defined
as an increase in the number of HAI cases due to the same
strain of bacterium, which was characterized by a pro-
longed, high-caseload, and temporally-related surge.16

All antimicrobial prescriptions in KSCGMH have had to be
made online, as described elsewhere.13,14 With the excep-
tion of a small number of antibiotics, such as penicillin,
ampicillin, clindamycin, cefazolin, gentamicin and metro-
nidazole, prescribed antimicrobials were subjected to re-
view by an infectious-diseases specialist. The prescribed
antimicrobial(s) would be dispensed immediately from the
hospital’s pharmacy, while awaiting decisions made by the
online reviewer. The dispensing antimicrobial(s) would
continue only when the prescription was approved by the
reviewer; otherwise, the antimicrobial dispensing would be
discontinued 48 h later. The reviewer was able to access
the clinical, laboratory, radiographic information of the
reviewed case online for evaluation to make a decision on
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approval or disapproval of the prescribed antimicrobial(s).
The reviewer’s decision and comment/suggestion were
automatically immediately texted to the antimicrobial
prescriber and the pharmacy.

Identification of clinical VRE isolates, susceptibility
testing, DNA extractions and genotyping

E. faecium isolates were identified using matrix assisted
laser desorption ionization-time of flight mass spectrom-
etry (MALDI-TOF MS) technology17 with Bruker BioTyper
(microflex LT; Bruker Daltonik GmbH, Bremen, Germany).
Vancomycin susceptibility tests for E. faecium isolates
were performed with Becton Dickinson BD Phoenix 100
Automated Microbiology System (Becton Dickinson Diag-
nostic Systems, Sparks, MD, USA). E. faecium against
which the minimum inhibitory concentration (MIC) of
vancomycin �32 mg/mL was defined as a VRE-fm isolate.18

DNAs of the VRE-fm isolates were extracted using Qiagen
DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) for
genotyping. MLST and PFGE were performed as reported
previously,19,20 with modifications.

For MLST, primer sequences of housekeep genes re-
ported elsewhere were used; internal 400- to 600-bp frag-
ments of these genes (adk, atpA, ddl, gyd, gdh, purK, and
pstS ) were amplified by PCR.19 The amplification proced-
ure was carried out in 25 mL buffered solution (Fast-Run�
Taq Master Mix; Protech, Taiwan), with denaturation at
95 �C for 5 min, annealing for 35 cycles (30 s per cycle) each
at 95 �C, 50 �C and 72 �C, and extension for 5 min at 72 �C,
using Veriti� 96-Well Fast Thermal Cycler (ABI, Singapore).

MLST and PFGE

Sequence type (ST) of a VRE-fm was determined by matching
the sequences of its seven housekeeping genes with the
counterparts found from the E. faecium isolates in the online
E. faecium MLST database (http://efaecium.mlst.net).19

Based on the eBURST program provided from the website,
clustering analysis for the STs was depicted.19,21

The restriction enzyme SmaI was specifically used for
cleavages of DNA sequences in PFGE typing.20 The results of
PFGE were analyzed using BioNumerics (version 7.6,
Applied Maths, Austin, TX, USA). Based on the Unweighted
Pair Group Method with Arithmetic Mean (UPGMA) analysis,
PFGE patterns bearing more than 80% similarity were
regarded as the same pulsotype.2,22

Results

Increasing trends for both VRE-fm-HAIs and community-
acquired VRE-fm infections were found between 2009 and
2019 in KSCGMH (P < 0.001 for linear trends); post hoc
multiple comparisons indicated significantly higher inci-
dence rates of VRE-fm infections in the later half of this
time period for both categorized infections (Fig. 1). In
KSCGMH, among the annual overall E. faecium HAIs, VRE-
fm-HAIs were increased from 14.1% in 2009 to 21.6% in
2014, and to 73.3% in 2019; among the annual overall E.
faecium non-HAIs, community-acquired VRE-fm infections
were increased from 7.6% in 2009 to 19.6% in 2014, and to
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Fig. 1. Secular trends of VRE-fm-HAIs and community-acquired VRE-fm-infections in Kaohsiung Chang Gung Memorial Hospital
(KSCGMH) (P < 0.001 for both trends) and of VRE-fm-HAIs in medical centers in Taiwan.11 Percentages of each categorized VRE-fm-
infections were calculated by (categorized VRE-fm-infections/overall categorized E. faeciium infections) � 100.
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43.8% in 2019. Trends for VRE-fm infections in KSCGMH and
the trend for VRE-fm-HAIs in medical centers in Taiwan
between 2009 and 2019 are detailed in Fig. 1.11

From the database of the clinical microbiology labora-
tory of KSCGMH, an overall 902 non-duplicate VRE-fm iso-
lates were found between 2016 and 2018 to grow from
whatever specimens. Of those, 89 non-duplicate VRE-fm
isolates were each found to grow from a normally sterile
site of an individual patient, and all of these VRE-fm iso-
lates and patients were included for analysis. Of these 89
VRE-fm isolates, 33 (37%) were from blood, 53 (60%) from
ascites, and 3 (3%) from pleural effusion. The timing of
specimens sampled that grew VRE-fm in these hospitalized
patients greatly varied, with a median of 27 days (range,
0e348 days).

Of the overall 89 patients (54 males [60.7%] and 35 fe-
males [39.3%]; mean age � SD Z 67 � 13 years), 21 (27%)
were either staying at a nursing home or regional medical
facility immediately prior to their admission to KSCGMH. All
of these patients had at least one comorbidity, and the
leading ones included solid tumors (44%), chronic renal
diseases (36%), diabetes mellitus (31%), and liver cirrhosis
(20%). Strict precautions were lifted in only 4 cases and
patients were therefore transferred to general hospital
room; eighty-five patients either died at hospitalization or
were released from hospital as they underwent strict con-
tact precautions staying at an isolation room. Forty-six
patients died at their hospitalization, accounting for an all-
cause mortality rate of 51.7%. Between the fatal group
(n Z 46) and survival group (n Z 43), there were no sig-
nificant differences in age (70 � 12 vs. 64 � 13 years;
P Z 0.935), gender (58.7% vs. 63.8% men; P Z 0.693), and
any one of the many comorbidities (P � 0.05). Of note, VRE-
fm isolates belonged to ST18 were significantly out-
numbered in fatal cases (5 isolates vs. 0 isolate; PZ 0.035).

There were 13 STs found in these 89 VRE-fm isolates
(Fig. 2). The leading STs, in decreasing order, were ST17
(n Z 39 [44％]) and ST78 (n Z 33 [37％]), followed by ST18
(n Z 5 [6％]) and ST80 (n Z 3 [3％]); the rest included ST9,
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ST22, ST39, ST71, ST80, ST97, ST202, ST323, ST341, and
ST789, which were each found in one VRE-fm isolate.

An overall 66 pulsotypes were generated by PFGE from
the 89 VRE-fm isolates. Of them, 28 pulsotypes were found
from VRE-fm isolates belonged to ST17, and 27 pulsotypes
from VRE-fm isolates belonged to ST78. The PFGE dendro-
gram with pulsotypes, the corresponding STs of the VRE-fm
isolates and the VRE-fm number are shown in Fig. 3.

There were two or more VRE-fm isolates found in each of
8 pulsotypes among the overall 39 VRE-fm isolates belonged
to ST17, and in each of 5 pulsotypes among the 33 VRE-fm
isolates belonged to ST78 (Table 1). Of note, 4 VRE-fm
isolates grouped as ST17/pulsotype S (VRE-fm nos. 8, 9,
11 and 19), 2 as ST17/pulsotype AS (VRE-fm nos. 33 and 34),
2 as ST17/pulsotype AU (VRE-fm nos. 35 and 37), and 3 as
ST78/pulsotype V (VRE-fm nos. 38, 39 and 47) were iden-
tified from clinical specimens sampled less than one week
apart, remarkably, from patients staying at different
wards/departments and/or on different floors of the hos-
pital. There was no specific strain of VRE-fm lingering in the
hospital that led to the development of a progressively
increasing trend of VRE-fm-HAIs in KSCGMH during the study
period.
Discussion

With the exception of those belonged to ST39, ST9 and
ST97, all of VRE-fm isolates in this report were diverged
members of a special genetic lineage of E. faecium
currently known as clonal complex-17 (CC17) (http://
efaecium.mlst.net). CC17 plays an important role in
globally distributed VRE-fm-infections, especially in in-
fections acquired in hospital settings.2,23,24 The adaption to
the hospital environments of E. faecium isolates belonged
to this genetic lineage was assumed to result from the cu-
mulative evolutionary process with the insertion of
sequence elements leading to increase in its genome
plasticity.24
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Fig. 2. eBURST analysis of the 89 VRE-fm isolates with multilocus sequence typing (MLST) in the current study. Each circle with a
specific color denotes a particular sequence type (ST). The larger the number of a specific ST, the bigger the circle is. ST17 and ST38
are the dominant STs. The number of the partitioned space inside a circle indicates the number of the STs. A circle with no partition
inside indicates one ST. VRE-fm isolates belonged to ST39, ST9 and ST97 were not diverged members of clonal complex-17 (CC17).
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Starting from 2008, marked increase in VRE-HAI in-
cidences has been reported in Taiwan22,25; CC17 members,
mainly VRE-fm isolates belonged to ST17, ST78 and ST414
have been found to be predominant epidemic strains of
VRE-fm-HAI clusters/outbreaks,2e4,22,25 which resulted
from either intra-hospital or inter-hospital spreads of VRE-
fm isolates. Most of these VRE-fm-HAIs in the early days
occurred in northern and central Taiwan.2e4,22,25,26

Between 2009 and 2019, the increasing trends of VRE-
fm-HAIs and community-acquired VRE-fm-infections in
KSCGMH (P < 0.001, for both trends) paralleled the esca-
lating trend of VRE-fm-HAIs in other medical centers in
Taiwan (Fig. 1).11 It was not until 2014 that the slowly
escalating trends of VRE-fm-HAIs and community-acquired
VRE-fm-infections in KSCGMH became steeply risen.

Although a small number of VRE-fm isolates belonged to
the same pulsotypes were found from specimens of patients
admitted at different wards/departments and/or on
different floors, the time proximity of sampling these
specimens suggested that there were possibly small tran-
sitory clusters of intra-hospital VRE-fm spreads during the
study period. If this is the case, our data suggested that
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although conventional active infection surveillance might
fail to detect small clusters of intra-hospital VRE-fm
spreads, the implementation of strict contact precautions
at KSCGMH be able to curb the potentially developed large-
scale hospital outbreaks of VRE-fm-HAIs. However, when
the rates of incidence of VRE-fm infection/colonization in
the community were rapidly rising, VRE-fm-infections in
hospital were inevitably quickly soaring, which would result
from the increase in potential infection sources due to the
carriage of VRE-fm by newly admitted patients.5,25,26 There
are 2 limitations in this study. First, data regarding bacte-
rial carriage in our staff were not available in this retro-
spective analysis, making it impossible to clarify whether or
not our staff members played a role in horizontal trans-
missions of VRE-fm between hospitalized patients. Second,
given the relatively small scale and short duration of the
study, it is possible that only certain strains of VRE-fm were
captured in the analysis, leading to a potential bias in the
epidemiological findings.

Previous publications showed conflicting impacts of
contact precautions on curbing increasing trends of VRE-
fm-HAIs; some showed that contact precautions were



Fig. 3. Dendrogram of pulse-field gel electrophoresis (PFGE) with pulsotypes, the corresponding sequence types (STs) derived
from multilocus sequence typing (MLST), and the VRE-fm isolate number are shown. Each row represents a pulsotype with its
unique PFGE pattern.
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Table 1 MLST sequence types (STs) and PFGE types (pul-
sotypes) of VRE-fm isolates grew from specimens sampled
from normally sterile sites.

MLST-ST Pulsotype VRE-fm isolate no. and the
date of sampling specimen
for culture that
subsequently grew VRE-fm
(y/m/d)

17 (n Z 39) R 18 (2018/01/14)
05 (2017/12/12)

S* 08 (2017/12/15)
11 (2017/12/26)
09 (2017/12/21)
19 (2018/01/18)

W 82 (2017/07/16)
83 (2017/09/29)
78 (2017/05/01)

Y 81 (2017/07/09)
86 (2016/12/18)

AB 13 (2017/12/27)
23 (2018/01/29)

AO 20 (2018/01/17)
29 (2018/02/26)

AS* 33 (2018/03/15)
34 (2018/03/17)

AU* 35 (2018/03/23)
37 (2018/03/27)

78 (n Z 33) G 70 (2018/08/31)
89 (2017/02/06)

J 77 (2017/04/11)
67 (2018/08/20)

L 76 (2017/03/11)
16 (2018/01/04)

V* 38 (2018/04/05)
47 (2018/04/23)
39 (2018/04/06)

Z 73 (2018/09/24)
41 (2018/04/13)

Each VRE-fm isolate grew from one individual patient. Asterisks
indicate pulsotypes in which two or more VRE-fm isolates grew
from specimens that were sampled less than one week apart.
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effective,27 while others did not.5,28 Of note, these studies
did not analyze/evaluate the impacts of contact pre-
cautions on curbing VRE-fm-HAIs in the context of concur-
rent rapidly and progressively increasing incidences of VRE-
fm-infection in the community.5,27,28

Contact precautions were first recommended by the CDC
in 1970,9,10 which have been globally adopted by medical
facilities for decades to contain spreads of multidrug-
resistant bacteria including VRE-fm isolates.2e5,22,25,27,28

However, the progressively increasing trends of VRE-fm
spreads in communities worldwide indicate that contact
precautions failed to suppress the globally soaring trend of
VRE-fm-infections as a whole.2e5,22e25,27,28 Most of patients
experiencing VRE-fm-infection have comorbid conditions
and are immunocompromised.2e4,14,22,25,28 When being
released from hospital, these patients often harbored VRE-
fm in their intestinal lumens,5,29 which would lead to insid-
ious yet progressive disseminations of VRE-fm isolates in the
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community over time,29e33 and would cause inter-hospital
spreads of VRE-fm isolates in case these vulnerable pa-
tients who are subject to high chances of repetitive in-
fections seek medical help at other medical facilities.29e33

When it comes to fatalities in VRE-fm-HAIs versus
vancomycin-susceptible Enterococcus (VSE)-HAIs, robust
data supporting a meaningfully higher attributable mortality
rate in VRE-HAIs are lacking34e36; it is reasonable to believe
that the comorbid conditions and immunocompromise-
inherent vulnerability found in most patients suffering VRE-
fm-HAIs contribute substantially to a high crude mortality
rate in this patient population.4e6,35,36

In summary, epidemiologic analysis with genotyping of
pathogens for VRE-fm-infections in this study suggest that
strict contact precautions be able to curb intra-hospital
spreads of VRE, but unable to contain the increasing trend of
VRE-fm-HAIs against a backdrop of progressively increasing
VRE-fm infections/colorizations in the community.

Higher prevalence of VRE-infection/colonization in the
community settings should be regarded a new norm. Under
these circumstances, strict contact precautions should not
necessarily be regarded as routine infection control mea-
sures for curbing VRE-fm-HAIs; preventions of horizontal
spreads of VRE-fm isolates with staff’s strict hand hygiene
and minimizing antibiotic selective pressure with antimi-
crobial stewardship should never be overemphasized, and
strict contact precautions should only be reserved for un-
controlled VRE-fm-infection outbreaks to interrupt VRE-fm
transmissions. Cancellation of unnecessary strict contact
precautions will minimize the potentially developed anxi-
ety and depression in the isolated patients and improve
their satisfactions with healthcare,9 decline other potential
non-infectious adverse events (e.g., postoperative respi-
ratory failure, hemorrhage, deep vein thrombosis, decubi-
tus ulcers, and/or trauma),37 and will render cost savings
on healthcare delivery.38

Financial support

This work was funded by Kaohsiung Chang Gung Memorial
Hospital, Taiwan with a grant (Grant number
CMRPG8G0821) for Jien-Wei Liu. The funder had no role in
study design, data collection and analysis, decision to
publish, or preparation of the manuscript. The authors have
no conflicts of interest to declare.

Acknowledgments

We thank Prof. Po-Liang Lu at Kaohsiung Medical University
Chung-Ho Memorial Hospital for technical assistance with
PFGE typing of the vancomycin-resistant enterococci in this
study, and the staff of Biostatistics Center, Kaohsiung
Chang Gung Memorial Hospital for assistance with statistics.

References

1. Lam S, Singer C, Tucci V, Morthland VH, Pfaller MA,
Isenberg HD. The challenge of vancomycin-resistant entero-
cocci: a clinical and epidemiologic study. Am J Infect Control
1995;23:170e80.

http://refhub.elsevier.com/S1684-1182(23)00149-4/sref1
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref1
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref1
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref1
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref1


Y.-F. Tang, Y.-S. Lin, L.-H. Su et al.
2. Kuo AJ, Su LH, Shu JC, Wang JT, Wang JH, Fung CP, et al.
National surveillance on vancomycin-resistant Enterococcus
faecium in Taiwan: emergence and widespread of ST414 and a
Tn1546-like element with simultaneous insertion of IS1251-like
and IS1678. PLoS One 2014;9:e115555.

3. Hsieh YC, Lee WS, Ou TY, Hsueh PR. Clonal spread of CC17
vancomycin-resistant Enterococcus faecium with multilocus
sequence type 78 (ST78) and a novel ST444 in Taiwan. Eur J
Clin Microbiol Infect Dis 2010;29:25e30.

4. Chen CH, Lin LC, Chang YJ, Chang CY. Clinical and microbio-
logical characteristics of vancomycin-resistant Enterococcus
faecium bloodstream infection in Central Taiwan. Medicine
(Baltim) 2017;96:e9000.

5. de Angelis G, Cataldo MA, de Waure C, Venturiello S, la
Torre G, Cauda R, et al. Infection control and prevention
measures to reduce the spread of vancomycin-resistant
enterococci in hospitalized patients: a systematic review and
meta-analysis. J Antimicrob Chemother 2014;69:1185e92.

6. Han SH, Chin BS, Lee HS, Jeong SL, Choi HK, Kim CO, et al.
Vancomycin-resistant enterococci bacteremia: risk factors for
mortality and influence of antimicrobial therapy on clinical
outcome. J Infect 2009;58:182e90.

7. Lemmen SW, Lewalter K. Antibiotic stewardship and horizontal
infection control are more effective than screening, isolation
and eradication. Infection 2018;46:581e90.

8. Lee MC, Lu CH, Lee WY, Lee CM. Correlation between noso-
comial carriage of vancomycin-resistant enterococci and anti-
microbial use in Taiwan. Am J Trop Med Hyg 2021;104:1131e6.

9. Bearman G, Stevens MP. Control of drug-resistant pathogens in
endemic settings: contact precautions, controversies, and a
proposal for a less restrictive alternative. Curr Infect Dis Rep
2012;14:620e6.

10. Siegel JD, Rhinehart E, Jackson M. Healthcare infection control
practices advisory committee. Management of multidrug-
resistant organisms in health care settings. Am J Infect Con-
trol 2007;35(Suppl 2):S165e93.

11. Taiwan nosocomial infections surveillance System. Taiwan
CDC. Available at: https://www.cdc.gov.tw/Category/MPage/
4G8HuDdUN1k4xaBJhbPzKQ. [Accessed 20 February 2023].

12. Nemoy LL, Kotetishvili M, Tigno J, Kotetishvili M, Tigno J,
Keefer-Norris A, et al. Multilocus sequence typing versus
pulsed-field gel electrophoresis for characterization of
extended-spectrum beta-lactamase-producing Escherichia coli
isolate. J Clin Microbiol 2005;43:1776e81.

13. Chen IL, Lee CH, Su LH, Tang YF, Chang SJ, Liu JW. Antibiotic
consumption and healthcare-associated infections caused by
multidrug-resistant Gram-negative bacilli at a large medical
center in Taiwan from 2002 to 2009: implicating the impor-
tance of antibiotic stewardship. PLoS One 2013;8:e65621.

14. Su LH, Chen IL, Tang YF, Lee JS, Liu JW. Increased financial
burdens and lengths of stay in patients with healthcare-
associated infections due to multidrug-resistant bacteria in
intensive care units: a propensity-matched case-control study.
PLoS One 2020;15:e0233265.

15. Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM. CDC
definitions for nosocomial infection. Am J Infect Control 1988;
16:128e40. 1988.

16. Brady OJ, Smith DL, Scott TW, Hay SI. Dengue disease outbreak
definitions are implicitly variable. Epidemics 2015;11:92e102.

17. Bilecen K, Yaman G, Ciftci U, Laleli YR. Performances and
reliability of Bruker Microflex LT and VITEK MS MALDI-TOF mass
spectrometry systems for the identification of clinical micro-
organisms. BioMed Res Int 2015;2015:516410.

18. National committee for clinical laboratory standards: methods
for dilution antimicrobial susceptibility tests for bacteria that
grow aerobically: approved standard M7-A5. In: NCLS. 5th ed.
2000. Wayne, PA, USA.
1052
19. Homan WL, Tribe D, Poznanski S, Li M, Hogg G, Spalburg E,
et al. Multilocus sequence typing scheme for Enterococcus
faecium. J Clin Microbiol 2002;40:1963e71.

20. Goering RV, Winters MA. Rapid method for epidemiological
evaluation of gram-positive cocci by field inversion gel elec-
trophoresis. J Clin Microbiol 1992;30:577e80.

21. Feil EJ, Li BC, Aanensen DM, Hanage WP, Spratt BG. eBURST:
inferring patterns of evolutionary descent among clusters of
related bacterial genotypes from multilocus sequence typing
data. J Bacteriol 2004;186:1518e30.

22. Kuo AJ, Shu JC, Liu TP, Lu JJ, Lee MH, Wu TS, et al. Vanco-
mycin-resistant Enterococcus faecium at a university hospital
in Taiwan, 2002-2015: fluctuation of genetic populations and
emergence of a new structure type of the Tn1546-like
element. J Microbiol Immunol Infect 2018;51:821e8.

23. Willems RJ, Top J, van Santen M, Robinson DA, Coque TM,
Baquero F, et al. Global spread of vancomycin-resistant
Enterococcus faecium from distinct nosocomial genetic com-
plex. Emerg Infect Dis 2005;11:821e8.

24. Leavis HL, Willems RJL, van Wamel WJB, Schuren FH,
Caspers MPM, Bonten MJM. Insertion sequence-driven diversi-
fication creates a globally dispersed emerging multiresistant
subspecies of E. faecium. PLoS Pathog 2007;3:e7.

25. Wang JT, Chang SC, Wang HY, Chen PC, Shiau YR,
Lauderdale TL, et al. High rates of multidrug resistance in
Enterococcus faecalis and E. faecium isolated from inpatients
and outpatients in Taiwan. Diagn Microbiol Infect Dis 2013;75:
406e11.

26. Lee SC, Wu MS, Shih HJ, Huang SH, Chiou MJ, See LC, et al.
Identification of vancomycin-resistant enterococci clones and
inter-hospital spread during an outbreak in Taiwan. BMC Infect
Dis 2013;13:163.

27. Johnstone J, Shing E, Saedi A, Adomako K, Li Y, Brown KA,
et al. Discontinuing contact precautions for vancomycin-
resistant Enterococcus (VRE) is associated with rising VRE
bloodstream infection rates in Ontario Hospitals, 2009e2018: a
quasi-experimental study. Clin Infect Dis 2020;71:1756e9.

28. Kleyman R, Cupril-Nilson S, Robinson K, Thakore S, Haq F,
Chen L, et al. Does the removal of contact precautions for
MRSA and VRE infected patients change health care-associated
infection rate?: a systematic review and meta-analysis. Am J
Infect Control 2021;49:784e91.

29. Yan MY, He YH, Ruan GJ, Xue F, Zheng B, Lv Y. The prevalence
and molecular epidemiology of vancomycin-resistant Entero-
coccus (VRE) carriage in patients admitted to intensive care
units in Beijing, China. J Microbiol Immunol Infect 2023;56:
351e7.

30. Cassone M, Mody L. Colonization with multi-drug resistant or-
ganisms in nursing homes: scope, importance, and manage-
ment. Curr Geriatr Rep 2015;4:87e95.

31. Ting SW, Lee CH, Liu JW. Risk factors and outcomes for the
acquisition of carbapenem-resistant Gram-negative bacillus
bacteremia: a retrospective propensity-matched case control
study. J Microbiol Immunol Infect 2018;51:621e8.

32. Liu JW, Chen YH, Lee W-S, Lin JC, Huang CT, Lin HH, et al.
Randomized noninferiority trial of cefoperazone-sulbactam
versus cefepime in the treatment of hospital-acquired and
healthcare-associated pneumonia. Antimicrob Agents Chemo-
ther 2019;63:e00023e19.

33. Davis E, Hicks L, Ali I, Salzman E, Wang J, Snitkin E, et al.
Epidemiology of vancomycin-resistant Enterococcus faecium
and Enterococcus faecalis colonization in nursing facilities.
Open Forum Infect Dis 2020;7:ofz553.

34. Prematunge C, MacDougal C, Johnstone J, Adomako K, Lam F,
Robertson J, et al. VRE and VSE bacteremia outcomes in the
era of effective VRE therapy: a systematic review and meta-
analysis. Infect Control Hosp Epidemiol 2016;37:26e35.

http://refhub.elsevier.com/S1684-1182(23)00149-4/sref2
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref2
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref2
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref2
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref2
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref3
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref3
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref3
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref3
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref3
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref4
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref4
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref4
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref4
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref5
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref5
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref5
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref5
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref5
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref5
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref6
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref6
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref6
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref6
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref6
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref7
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref7
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref7
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref7
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref8
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref8
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref8
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref8
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref9
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref9
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref9
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref9
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref9
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref10
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref10
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref10
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref10
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref10
https://www.cdc.gov.tw/Category/MPage/4G8HuDdUN1k4xaBJhbPzKQ
https://www.cdc.gov.tw/Category/MPage/4G8HuDdUN1k4xaBJhbPzKQ
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref12
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref12
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref12
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref12
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref12
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref12
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref13
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref13
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref13
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref13
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref13
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref14
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref14
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref14
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref14
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref14
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref15
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref15
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref15
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref15
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref16
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref16
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref16
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref17
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref17
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref17
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref17
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref18
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref18
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref18
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref18
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref19
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref19
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref19
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref19
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref20
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref20
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref20
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref20
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref21
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref21
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref21
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref21
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref21
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref22
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref22
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref22
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref22
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref22
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref22
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref23
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref23
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref23
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref23
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref23
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref24
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref24
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref24
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref24
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref25
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref25
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref25
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref25
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref25
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref25
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref26
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref26
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref26
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref26
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref27
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref27
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref27
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref27
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref27
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref27
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref27
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref28
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref28
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref28
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref28
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref28
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref28
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref29
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref29
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref29
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref29
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref29
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref29
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref30
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref30
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref30
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref30
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref31
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref31
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref31
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref31
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref31
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref32
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref32
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref32
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref32
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref32
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref32
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref33
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref33
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref33
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref33
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref34
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref34
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref34
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref34
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref34


Journal of Microbiology, Immunology and Infection 56 (2023) 1045e1053
35. Kramer TS, Remschmidt C, Werner S, Behnke M, Schwab F,
Werner G, et al. The importance of adjusting for enterococcus
species when assessing the burden of vancomycin resistance: a
cohort study including over 1000 cases of enterococcal blood-
stream infections. Antimicrob Resist Infect Control 2018;7:133.

36. Dubler S, Lenz M, Zimmermann S, Richter DC, Weiss KH,
Mehrabi A, et al. Does vancomycin resistance increase mor-
tality in Enterococcus faecium bacteraemia after orthotopic
liver transplantation? A retrospective study. Antimicrob Resist
Infect Control 2020;9:22.
1053
37. Martin EM, Bryant B, Grogan TR, Rubin ZA, Russell DL,
David Elashoff D, et al. Noninfectious hospital adverse
events decline after elimination of contact precautions for
MRSA and VRE. Infect Control Hosp Epidemiol 2018;39:
788e96.

38. Tran K, Bell C, Stall N, Tomlinson G, McGeer A, Morris A, et al.
The effect of hospital isolation precautions on patient out-
comes and cost of care: a multi-site, retrospective, pro-
pensity score-matched cohort study. J Gen Intern Med 2017;
32:262e8.

http://refhub.elsevier.com/S1684-1182(23)00149-4/sref35
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref35
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref35
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref35
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref35
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref36
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref36
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref36
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref36
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref36
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref37
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref37
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref37
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref37
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref37
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref37
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref38
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref38
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref38
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref38
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref38
http://refhub.elsevier.com/S1684-1182(23)00149-4/sref38

	Increasing trend of healthcare-associated infections due to vancomycin-resistant Enterococcus faecium (VRE-fm) paralleling  ...
	Introduction
	Methods
	Hospital setting, infection control practice and surveillance, and antimicrobial stewardship
	Identification of clinical VRE isolates, susceptibility testing, DNA extractions and genotyping
	MLST and PFGE

	Results
	Discussion
	Financial support
	Acknowledgments
	References


