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Abstract

Objective: We investigated the risk factors and origins of the first known occurrence of VRE colonization in the neonatal intensive care unit
(NICU) at the Canberra Hospital.

Design: A retrospective case-control study.

Setting: A 21-bed neonatal intensive care unit (NICU) and a 15-bed special care nursey (SCN) in a tertiary-care adult and pediatric hospital in
Australia.

Patients: All patients admitted to the NICU and SCN over the outbreak period: January–May 2017. Of these, 14 were colonized with
vancomycin-resistant Enterococcus (VRE) and 77 were noncolonized.

Methods: Demographic and clinical variables of cases and controls were compared to evaluate potential risk factors for VRE colonization.
Whole-genome sequencing of the VRE isolates was used to determine the origin of the outbreak strain.

Results: Swift implementation of wide-ranging infection control measures brought the outbreak under control. Multivariate logistic regression
revealed a strong association between early gestational age and VRE colonization (odds ratio [OR], 3.68; 95% confidence interval [CI],
1.94–7.00). Whole-genome sequencing showed the isolates to be highly clonal Enterococcus faecium ST1421 harboring a vanA gene and
to be closely related to other ST1421 previously sequenced from the Canberra Hospital and the Australian Capital Territory.

Conclusion: The colonization of NICU patients was with a highly successful clone endemic to the Canberra Hospital likely introduced into the
NICU environment from other wards, with subsequent cross-contamination spreading among the neonate patients. Use of routine surveil-
lance screening may have identified colonization at an earlier stage and have now been implemented on a 6-monthly schedule.

(Received 17 October 2018; accepted 29 January 2019)

Vancomycin-resistant Enterococcus (VRE) pose a significant prob-
lem in healthcare settings across the world.1 Infections are often
preceded by colonization, where bacteria are carried in the gastro-
intestinal system asymptomatically.2–4 Studies have shown that a
significant proportion of patients in the healthcare system are
colonized and have an elevated risk of infection and subsequent
morbidity and mortality. Although VRE may be less virulent than
some other multidrug-resistant organisms, the limited treatment

options are a cause for concern, particularly for highly vulnerable
patient populations such as preterm neonates, for whom infections
remain a significant cause of mortality.5 Many guidelines and
efforts are therefore aimed not only at preventing infections but
also at reducing colonization. In a hospital setting, it is assumed
that VRE is transmitted between patients via the hands of
healthcare staff or through the hospital environment.3 Neonates
requiring intensive care have many factors predisposing them
for colonization, and VRE may quickly spread within this patient
group.6,7

Between January andMay in 2017, the Canberra Hospital (CH)
experienced its first outbreak of VRE colonization in the neonatal
intensive care unit (NICU) and the special care nursery (SCN).
The situation was swiftly brought under control by the rapid
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implementation of infection control measures that led to the
termination of transmission. However, identification of the origin
and transmission pathway remained to be elucidated, and these
factors are the subject of this study.

Methods

Description of the outbreak and response measures

The outbreak was identified following the detection of VRE in 4 neo-
nates transferred from CH to a secondary-care facility in Canberra
between January 27, 2017, and March 9, 2017. Active screening cul-
ture (ASC) protocols were implemented at CH on March 15, 2017,
which encompassed screening of neonates at first bowel movement
after admission, followed by weekly screening. Fecal samples were
collected on swabs and cultured directly onto chromogenic
chromID VRE agar plates (bioMèrieux, Marcy-l’Étoile, France)
and incubated for at least 48 hours. Enterococcus spp were identified
by matrix-assisted laser desorption/ionization time-of-flight mass
spectroscopy (MALDI-TOF MS; Bruker Daltronics, Billerica, MA)
and vancomycin resistance was confirmed by Vitek 2 (bioMerieux).
Van genotype was determined by Xpert vanA/vanB (Cepheid,
Sunnyvale, CA) polymerase chain reaction (PCR). Screening identi-
fied 8 patients in the NICU and SCN to be colonized with VRE.
During the following ASC period another 2 patients were found
to be colonized with VRE. The outbreak was declared contained
on theMay 26, following 3weeks (24 days) without a positive screen-
ing culture. Standard personal protective equipment forMRO events
with full gown and gloves were used by the staff during the outbreak
period. It is possible that additional infants were colonized who were
discharged prior to the commencement of the ASC.

In addition to the ASC protocols, contact precautions for all
VRE-colonized patients was implemented and cohort isolation
of VRE-colonized patients into specific areas of the 2 wards. A
VRE working group was established, and review of infection
control policies, operational protocols, and cleaning practice in
the 2 units was also performed. Microbial testing of high-touch
environmental surfaces and equipment commonly used between
infants was conducted, including weight scales, length measurer,
IV trolleys, ultrasound equipment, cord of the blinds, exit door
plate to NICU and SCN, bottle warmers, and door handles to iso-
lation rooms. Moistened BD CultureSwab (Becton Dickinson,
Franklin Lakes, NJ) were used for environmental sampling and
were sent in Stuart’s transport media for microbiological analysis.
None of the environmental samples tested positive during the ASC
screening period.

Setting and population

The Canberra Hospital is an adult and pediatric tertiary-care
center with 672 beds serving a population of ~550,000. The neo-
natal care service is composed of 2 sections: the NICU with 21 beds
in 2 bed bays with 1 isolation room and the SCN with 15 beds in 2
bed bays with 1 isolation room. The NICU provides intensive care
for seriously ill or premature infants or infants requiring a high
level of observation. The SCN provides step-down care for infants
from the NICU or those infants directly admitted requiring care
outside the NICU.

Study design

A retrospective case control study was conducted, capturing all
patients admitted in the NICU and SCN during the period from
December 18, 2016, to May 26, 2017. The time frame covers the

outbreak period and was defined by the earliest admission date
of a VRE-positive patient and the latest discharge date of a
VRE-positive patient.

Variables and definitions

Colonization was used as the outcome variable. Cases were defined
as patients admitted to the NICU and SCN during the period from
December 18, 2016, to May 6, 2017, and had 1 or more cultured
specimen positive for a VRE. Controls were defined as any patient
admitted to the NICU or SCN during the same period and had no
positive cultured specimens and at least 1 negative cultured speci-
men for a VRE.

Plausible exposure variables were identified from published
literature and from discussions with infectious disease and infec-
tion prevention and control specialists. Patient variables collected
are listed in Table 1.

Data analysis was carried out using Stata version 15 software
(StataCorp, College Station, TX). To determine significant risk fac-
tors for colonization, univariate logistic regression was conducted
on all variables. Variables with a P < .10 in the univariate analysis
were selected for inclusion in a backward-stepwise multivariate
logistic regression model with the P-value threshold for elimina-
tion set at .05. The relationship between variables was assessed
using Pearson’s correlation coefficients and collinearity analysis.

Whole-genome sequencing

In total, 11 VRE isolates obtained from patients in the outbreak
were referred to the Microbiological Diagnostic Laboratory Public
Health Laboratory for whole-genome sequencing (WGS). Isolates
were not available from the first 3 patients in the outbreak.
Genomic DNA was extracted using the JANUS automated work-
station with the Chemagic Viral DNA/RNA kit (PerkinElmer,
Waltham,MA). Unique dual indexed libraries were prepared using
the Nextera XT DNA sample preparation kit (Illumina, San Diego,
CA). Libraries were sequenced on the Illumina NextSeq 500 with
150-cycle paired end chemistry as described by the manufacturer’s
protocols. The Nullarbor pipeline (version 2.0, https://github.com/
tseemann/nullarbor) was used for all bioinformatics analyses
with an in-house ST1421 reference genome. Gubbins was used
to detect regions of recombination that were removed, and
IQtree was used to infer the maximum likelihood phylogeny from
the resulting core SNP alignment.8–11

Ethics

Ethics approval for the study was obtained from the ACT
Health Human Research Ethics Committee (Protocol number
ETHLR.17.155) and from the Australian National University
Human Research Ethics Committee (Protocol number 2017/536).

Results

Outbreak cohort

During the study period from December 18, 2016, to May 6, 2017,
91 patients were admitted to the NICU and SCN at Canberra
Hospital (TCH). Of these, 14 were colonized with VRE during their
admission. The remaining 77 were negative for VRE throughout
their admission, resulting in a VRE prevalence of 15.4%.
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Table 1. Univariate Logistic Regression Analysis of Risk Factors for Colonization With Vancomycin-Resistant Enterococcus (VRE)a

Variable Case (n= 14), No. (%) Control (n= 77) No. (%) OR 95% CI P Value

Male sex 9 (64.3) 41 (53.3) 1.58 0.49–5.15 .448

Gestational age (WHO categories)b 3.68 1.94–7.00 <.001

Normal 0 30 (39.0)

Moderate to late preterm 4 (28.6) 35 (45.5) 1

Very preterm 3 (21.4) 5 (6.5) 9.75 1.70–56.20 .011

Extremely preterm 7 (50) 7 (9.1) 16.25 3.79–69.62 <.001

Gestational weight categories 2.68 1.51–4.74 .001

Normal 2 (14.3) 33 (42.9) 1

LBW 3 (21.4) 32 (41.6) 1.55 0.24–9.88 .645

VLBW 3 (21.4) 5 (6.5) 9.9 1.31–74.73 .026

ELBW 6 (42.9) 7 (9.1) 14.14 2.35–85.23 .004

Born at CH 12 (85.7) 69 (89.6) 0.7 0.13–3.68 .669

Delivery, caesarian section 6 (42.9) 35 (45.5) 0.9 0.29–2.84 .857

Resuscitation at delivery 10 (71.4) 45 (58.4) 2.37 1.04–5.37 .039

PPV 4 (30.8) 36 (46.8) 1.19 0.2–5.7 .832

Intubation 6 (46.2) 9 (11.7) 7.1 1.5–34.2 .014

Respiratory support

Ventilation 5 (35.7) 7 (9.1) 5.55 1.45–21.24 .012

CPAP 9 (64.3) 23 (29.9) 4.22 1.28–13.99 .018

High-flow oxygen 3 (21.4) 2 (2.6) 10.22 1.53–68.23 .016

Incubator 11 (78.6) 44 (57.1) 2.75 0.71–10.65 .143

with humidity 8 (57.1) 8 (10.4) 1.19 1.09–1.30 <.001

Feeding tube 14 (100) 76 (98.7) 1.72 0.91–3.25 .098

Total parenteral nutrition 10 (71.4) 24 (31.2) 5.52 1.57–19.38 .008

Radiology 12 (85.7) 46 (59.7) 4.04 0.85–19.33 .080

Phototherapy 13 (92.9) 53 (68.8) 5.89 0.73–47.61 .096

Central line 9 (64.3) 15 (19.5) 7.44 2.17–25.46 .001

Peripheral line 9 (64.3) 60 (77.9) 0.51 0.15–1.73 .273

Comorbidities

Infection with other organism 7 (50) 13 (16.9) 4.92 1.47–16.43 .010

Thrombocytopenia 2 (14.3) 5 (6.5) 2.4 0.42–13.81 .327

Hyponatraemia 3 (21.4) 10 (13.0) 1.83 0.43–7.71 .448

Hypoglycaemia 5 (35.7) 36 (46.8) 0.63 0.19–2.06 .445

Antibiotic therapy

Benzylpenicillin 10 (71.4) 35 (45.5) 3 0.87–10.40 .083

Gentamicin 11 (78.6) 36 (46.8) 4.18 1.08–16.15 .038

Ampicillin 3 (21.4) 3 (3.9) 6.73 1.20–37.61 .03

Azithromycin 0 1 (1.3) : : : : : : : : :

Cephazolin 0 1 (1.3) : : : : : : : : :

Cotrimoxazole 0 1 (1.3) : : : : : : : : :

Erythromycin 1 (7.1) 0 : : : : : : : : :

Flucloxacillin 6 (42.9) 8 (10.4) 6.47 1.79–23.43 .004

Linezolid 0 1 (1.3) : : : : : : : : :

Meropenem 1 (7.1) 1 (1.30) 5.85 0.34–99.42 .222

Vancomycin 2 (14.3) 2 (2.6) 6.25 0.80–48.67 .08
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Risk factor analysis

Univariate logistic regression was performed to assess the predic-
tive value of individual variables on the colonization outcome.
Increased odds of colonization were observed for early gestational
age, low birth weight, length of stay, resuscitation at delivery,
requirement for respiratory support with ventilation or continuous
positive airway pressure (CPAP) or high-flow oxygen, use of incu-
bator with humidity, infection with other organisms, total paren-
teral nutrition (TPN), radiology, phototherapy, presence of central
lines, select antibiotics, and antenatal steroids (Table 1). Significant
differences in duration of use were seen for CPAP, incubator use,
central lines, TPN, and radiology (Table 2). Interestingly, the mean
durations of antibiotics use were not significantly different between
colonized and noncolonized patients.

Variables with a P < .10 in the univariate analysis were selected
for inclusion in a backward stepwise multivariate logistic regres-
sion model. Collinearity was observed with the benzylpenicillin
and gentamicin variables, and with nystatin cream and nystatin
drops, where inclusion of both in the multivariate model resulted
in a failure to converge. The final reduced multivariate model
showed significant association with only gestational age (WHO
preterm categories), with an odds ratio (OR) of 3.68, (95% CI,
1.94–7.00).

Whole-genome sequencing

Vancomycin-resistant E. faecium isolates from 11 of the infants in
the outbreak were underwent WGS. In silico multilocus sequence
typing (MLST) showed that all the isolates were sequence type
1421 (ST1421), with the allelic profile atpA(1), ddl(1), gdh(1),
purK(1), gyd(1), pstS(0), adk(1). These pstS null strains were pre-
viously classified as nontypeable but have now been assigned
sequence types in the MLST scheme, following the definition of
pstS null alleles as 0. ST1421 is a single-locus variant of ST17.
The genomic analysis confirmed the initial PCR-based results
showing the presence of the vanA gene.

Phylogenetic reconstruction of the 11 isolates are shown in con-
text with 7 E. faecium ST1421 vanA isolates identified from the
orthopedic ward of CH collected over a 9-day period in late
2016 and 27 consecutive E. faecium ST1421 vanA isolated during
a 1-month period in late 2015 at the ACT Pathology (including
TCH and other ACT hospitals) (Fig. 1A). The violin plot shows
that all 11 isolates were highly clonal with single nucleotide poly-
morphism (SNP) distances ranging from 0 to 5 core genome sub-
stitutions (Fig. 1B), a considerably smaller range compared with
that of the sample set as a whole (0–59 SNPs). The orthopedic iso-
lates which were collected over a 9-day period show amuch greater
pairwise SNP range (2-44 SNPs), and with 3 separate clusters in the
phylogenetic tree. Sequence reads are available in the Sequence
Read Archive at the National Center for Biotechnology
Information, under BioProject PRJNA495857 (Supplementary
Table 1 online).

Patient ward and bed movements

Colonized patients had an average of 3.6 bed movements during
their admission, and noncolonized patients had an average of
2.7 bed movements, the difference being insignificant. Even less
difference was seen in movement between the NICU and SCN
wards, with averages of 1.14 and 0.90 for colonized and noncolon-
ized patients, respectively. In some instances, patients were moved
into bed spots with time gaps as short as 29minutes and 60minutes
following the previous patient.

Discussion

The outbreak subject to this investigation represents the first
known occurrence of VRE colonization in the NICU and SCN
wards at CH. Neonates in these units have no contact with other
patients and interaction with a limited number of healthcare work-
ers, immediate caregivers, and the hospital environment. VRE
colonization in this patient group must therefore be a direct result
of a breakdown in infection control procedures within these units.

Table 1. (Continued )

Variable Case (n= 14), No. (%) Control (n= 77) No. (%) OR 95% CI P Value

Metronidazole 2 (14.3) 2 (2.6) 6.25 0.80–48.67 .08

Nystatin drops 9 (64.3) 11 (14.3) 10.8 3.05–38.30 <.001

Nystatin cream 9 (64.3) 11 (14.3) 10.8 3.05–38.30 <.001

Maternal issuesc

Diabetic mother 1 (7.1) 21 (28.4) 0.19 0.02–1.58 .125

Twin pregnancy 4 (28.8) 11 (14.9) 2.29 0.61–8.62 .22

Chorioamnionitis 0 10 (13.5) 1

PROM 5 (35.7) 13 (17.1) 2.69 0.77–9.36 .119

Antenatal medication

Antibiotics 3 (25.0) 14 (19.4) 1.38 0.33–5.78 .658

Steroids 6 (50.0) 9 (12.5) 7 1.85–26.46 .004

Multivitamin 2 (16.7) 22 (30.6) 0.45 0.09–2.25 .334

Vitamin D 4 (33.3) 13 (18.1) 2.27 0.59–8.68 .231

Note. OR, odds ratio; CI, confidence interval; WHO, World Health Organization; LBW, low birth weight; VLBW, very low birth weight; ELBW, extremely low birth weight; TCH, Canberra Hospital;
PPV, positive predictive value; CPAP, continuous positive airway pressure; PROM, prelabor rupture of membranes.
aVariables are given as no. (%) unless otherwise stated in the variable title. For continuous variables, the mean ± standard deviation (SD) is given.
bFor factor-variable univariate analysis the “normal” and “late to moderate” categories were combined and used as the reference category.
cFor 3 patients the maternal data were not available.
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Colonization and infection with VRE have been identified
among patients in other wards of CH, suggesting that a cross-
contamination event could have led to the introduction of VRE
into the NICU/SCN environment, similar to that described in a
previous study.13 Once the environment had been contaminated,
it is possible that procedures within the units led to dissemination
of VRE to several patients.

The range of variables found to be associated with colonization
at a univariate level in our study is consistent with those observed
in the literature. The range of variables associated with VRE
colonization previously observed in NICU outbreaks include:
prematurity7,13–15; low birth weight7,13–16; prepartal antibiotics13;
longer duration of antibiotic therapy7,14,16,17; administration of
second-line antibiotics6; long hospitalisation7,14,15,17,18; mechanical
ventilation14,15; presence of a central line7,14,15; presence of periph-
eral lines7; parenteral nutrition7,14,15; major surgery14; episodes of
clinical features compatible with infection14; nasogastric

feeding7,15; ultrasonography15; administration of CPAP7; use of
oxyhood7; procedures by non-NICU staff 7; consultations by
non-NICU staff.7 Many of these risk factors are linked with each
other, and they likely are indicators for a common risk factor.

In this study, after adjusting for all other variables, only gesta-
tional age remained significantly associated with colonization.
Our results agree with published data. In previous studies that
have conducted a multivariate analysis, most observed a similar
drastic reduction in the number of associated variables: gesta-
tional age only13; gestational age, longer duration in hospital,
use of antibiotics and presence of central lines14; birth weight
and days of antimicrobial therapy7; administration of second-line
antibiotic and hospital admission during specific period6; gesta-
tional age; anti-MRSA therapy; and ultrasonography.15 There
may be several mechanisms by which gestational age contributes
to colonization. Premature infants have been shown to become
colonized with a lower species complexity, composed of few

Table 2. Risk Factor Variables for Colonization with Vancomycin-Resistant Enterococcus (VRE) with Continuous Scalesa

Variable Case (n= 14) Control (n= 77) OR 95% CI P Value

Gestational age, weeks 29.3 ± 4.1 34.9 ± 4.2 0.76 0.65–0.88 <.001

Range, weeks 24–35.6 24.6–41.5

Gestational weight, g 1,324.6 ± 701.5 2,369.1 ± 901.0 0.998 0.997–0.999 <.001

Range, g 492–2747 540–4230

Length of stay, d 55.2 ± 35.6 20.7 ± 23.6 1.04 1.02–1.06 <.001

Bed moves 3.57 ± 2.44 2.69 ± 1.57 1.28 0.96–1.72 .092

Ward switches 1.14 ± 1.17 0.90 ± 0.74 1.42 0.73–2.76 .299

Respiratory support

Ventilation 15.3 ± 31.1 3.7 ± 5.8 10.4 0.95–1.14 .198

CPAP 32.6 ± 18.7 7.2 ± 15.8 1.06 1.02–1.10 <.001

High-flow oxygen 2.4 ± 2.0 5 ± 0 : : : : : : : : :

Incubator 31.4 ± 21.9 7.6 ± 8.0 1.12 1.04–1.19 <.001

With humidity 14.5 ± 1.9 13 ± 4.9 1.14 0.82–1.60 .385

Central line

UVC 3.9 ± 4.4 0.7 ± 2.1 1.33 1.11–1.59 <.001

UAC 1.8 ± 2.5 0.6 ± 1.8 1.25 0.99–1.58 .069

PICC 7.9 ± 11.3 1.5 ± 4.6 1.11 1.03–1.20 .004

TPN 17.3 ± 12.5 7.6 ± 4.3 1.19 1.02–1.39 .002

Radiology 8.5 ± 6.2 4.3 ± 4.5 1.15 1.02–1.29 .018

Phototherapy 5.5 ± 3.8 3.9 ± 2.6 1.19 0.98–1.46 .082

Antibiotic therapy

Benzylpenicillin 3.1 ± 1.8 2.7 ± 1.0 1.25 0.73–2.15 .420

Gentamicin 4.5 ± 3.1 3.6 ± 2.2 1.15 0.89–1.49 .299

Ampicillin 5.3 ± 3.8 3.0 ± 0 1.56 0.68–3.55 .232

Flucloxacillin 3.5 ± 2.1 4.1 ± 3.2 0.91 0.59–1.39 .654

Meropenem 6 ± 0 2 ± 0 : : : : : : : : :

Vancomycin 3 ± 0 5.5 ± 4.9 0.67 0.24–1.85 .344

Metronidazole 3 ± 1.4 3.5 ± 0.7 0.46 0.04–6.02 .541

Nystatin drops 13.3 ± 4.9 10.5 ± 5.5 1.12 0.93–1.36 .217

Nystatin cream 13.3 ± 4.9 12.1 ± 5.8 1.05 0.88–1.25 .591

Note. OR, odds ratio; CI, confidence interval; UVC, Umbilical vein catheter; UAC, Umbilical artery catheter; PICC, peripherally inserted central catheter; TPN, total parenteral nutrition.
aStated as (mean ± standard deviation) duration in days unless otherwise indicated in variable title. The mean does not include patients for which the variable was not used.
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Bifidobacteria spp, and higher rate of potentially pathogenic
bacteria.19–23 The establishment of a gut microbiome is further
disrupted by empiric use of antibiotics.20,22,24 Furthermore, birth
at an early gestational age usually results in a longer hospital stay,
thereby increasing the exposure time to potentially contaminated
healthcare settings.

As there was no routine testing for VRE conducted for admitted
patients prior to the outbreak response, it is difficult to establish
with certainty when the introduction of VRE into the units
occurred. The frequent transfers to the secondary-care hospital,
which routinely test transferred infants for MROs, suggests that
this was a relatively recent introduction because there had not been
any previous alerts. As most of the patients were admitted prior to
the ASC screening, they may have been colonized at any previous
time point. Two infants may have had exposures outside TCH.
One 1 infant was admitted on day 41 of life, and the other was born
at TCH but was transferred to another hospital for a procedure
after which the patient was readmitted to the NICU at TCH.
Two patients were admitted after the commencement of the
ASC screening. Their admission histories show only exposure to
the SCN ward, while some other patients only had exposure to
the NICU ward. Thus, both wards were likely to be contaminated
and had transmission events.

Following the alert of VRE-positive infants transferred to the
secondary-level hospital, a bundle of measures was implemented
to control the outbreak. Several of these measures have previously
proven successful in the eradication of large-scale VRE outbreaks,
such as formation of a VRE executive working group, mass

screening, cohort isolation of carriers, environmental screening,
and review of cleaning procedures and operational protocols.25

It is well recognized that the hospital environment can be a reser-
voir for VRE.3,26–28 In our study there were no positive swabs indi-
cating environmental contamination, although this could also be
due to the failure to identify the contaminated sites or to sample
or methodological failures, such as inhibition due to residual
cleaning agents on the sampled surfaces. The units are part of
the national hand hygiene program, and they passed an audit in
early 2017. The frequent bed movement of patients is a potential
concern, especially if there is insufficient cleaning of the evacuated
bed spot between patients. Hospital protocol states a minimum
standard gap of 45 minutes, extended to 90 minutes for colonized
patients. Following the outbreak, the bed-cleaning protocol as well
as the NICU policy to only conduct bed moves on clinical grounds
were reinforced.

A genomic analysis of the rise of Australian E. faecium vanA in
recent years showed that the expansion was polyclonal and not
the result of expansion of a single successful clone.29 The 2014
Australian Enterococcal Sepsis Outcome Program (AESOP)
showed that E. faecium had 5 dominating sequence types: ST17,
ST117, ST203, ST555, and ST796.30 An interesting feature
in Australia is the recent emergence of healthcare-associated
E. faecium strains where the pstS allele has been deleted from
the genome, described by Carter et al.31 These strains were present
in multiple Australian jurisdictions and nearly universally dis-
played a vancomycin-resistant phenotype. There was significant
diversity in the core genome among the 66 studied isolates, with

Fig. 1. Whole-genome sequencing data for isolates from 11 of the infants in the outbreak (isolates not available from 3 infants), 7 ST1421 isolates from the orthopedic
unit at TCH and 27 ST1421 submitted from ACT Pathology during the 2015–2016 Victorian snapshot. (A) Maximum likelihood phylogenetic reconstruction based on
core-genome SNPs. The neonatal intensive care unit (NICU) outbreak cluster is highlighted in pink and orthopedic clusters are highlighted in teal. (B) Violin plots
showing the range of pairwise SNP distances between isolates within each of the cohorts, NICU outbreak isolates (pink), orthopedic isolates (teal), and other ACT
Pathology isolates (purple), and the intercohort (grey). The mean, median, and interquartile ranges of pairwise SNP distances ae shown.
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a maximum pairwise SNP distance of 4,543. The phylogenetic
reconstruction showed clustering of isolates by hospitals. In a
recent study of 240 E. faecium vanA isolates from 12 ICUs in
New South Wales, Australia, 60.0% were ST1421 and 24.2% were
ST1424 (allelic profile atpA(9), ddl(1), gdh(1), purK(1), gyd(12),
pstS(0), adk(1)).

The range of pairwise SNP distances within the 45 samples ana-
lyzed in the present study is considerably smaller than that
described for the national sample set presented by Carter et al,31

supporting the observation of clustering of clones by hospitals
described in Carter et al. and van Hal et al.29 The ST1421 samples
from the NICU outbreak form a tight cluster clearly derived from a
ST1421 clonal lineage endemic in the CH environment. The
samples were highly clonal, with short internal branch lengths sug-
gestive of a recent point source introduction and subsequent trans-
mission within the unit. In contrast, the dispersed nature of the
samples from the orthopedic unit distributed between multiple
clusters in the phylogenetic tree is indicative of multiple exposures
and introductions, which is interesting considering the relatively
short time period over which these samples were collected. The
orthopedic ward has a patient population with a much more
diverse exposure history, compared with the naïve patient popula-
tion of the NICU. The data support the hypothesis that VRE caus-
ing colonization in the NICU/SCN was likely acquired from cross
contamination in the hospital, rather than being imported from the
community. We were unable to screen staff or care givers; notably,
however, anecdotal evidence indicated that some staff worked also
in other hospital wards.

This study has 2 main limitations. First, the lack of routine VRE
screening makes it difficult to determine the exact time point of
VRE acquisition in patients and the introduction of the organism
into the units. Second, the dearth of data on VRE in the wider com-
munity outside the healthcare system limits our ability to exclude
the possibility that the VRE observed in the NICU and SCN was
introduced from a community source, rather than from an intra-
hospital transmission event.

The presence of a disseminated VRE clone within the hospital
increases the probability of future outbreaks. Biannual screening
of the NICU has now been implemented, which will lead to earlier
detection of colonization, as has previously been described in the
literature.32 It is encouraging that no new risk factors for coloniza-
tion other than those previously described in the literature were
identified in this study and that the outbreak was contained
relatively easy, meaning that transmission can be controlled even
in a largely endemic environment.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2019.41
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