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1 Context

Westmead Hospital is a 980-bed teaching hospital in Sydney, Australia, serving a population of 1.5 million; there 
are 5500 deliveries annually. The 42-46 bed NICU comprises 20-22 high acuity ventilator cots and 22-24 lower 
acuity special care cots and no single cot isolation rooms; in 2011 there were 1635 admissions, including over 100 
infants <1500 grams birth weight. From May 2011 to April 2012 31 babies were identified as being colonised with 
MRSA. 1066 patients were admitted during the outbreak period (18 May 2011 to 23 January 2012). The standard 

2 Problem

MRSA outbreak in our NICU resulting in severe adverse outcomes for babies

Environmental contamination with MRSA

3 Assessment/Analysis

Between May 2011 and April 2012 31 MRSA-colonised babies were identified

circulating strains (Fig 1) and enabled a sequencing pattern (Fig 2) around transmission and associated 
causal links

4 Strategy for change

Need for:
Routine screening of all babies and mothers
Routine strain typing of MRSA, both patient and environment, to map acquisition and causal links
  Implementation of an enhanced environmental decontamination system using vaporised
Hydrogen Peroxide (H2O2) (Deprox™)

bundle – environmental decontamination, MRSA strain typing and targeted Infection Prevention & Control
3 months initial assessment and 6 months to complete entire unit decontamination with Deprox™ and 
ongoing processes
  Routine implementation of MRSA control bundle to other high risk units

5 Intervention / Implementation

  The MRSA control bundle consisting of genotyping MRSA isolates, implementing key infection control 
strategies – monitoring/ improving hand hygiene compliance, outlining patient zoning and the introduction 
of vaporised H2O2 for environmental decontamination
Colonised babies were placed on contact precautions and cohorted until discharge; zoning of patient areas 
was implemented (Pic 1); a unit-wide review of hand hygiene practices, education on ‘5 Moments of Hand 
Hygiene’ and enhanced environmental decontamination 
An integral part of the MRSA control bundle was decontamination of the environment using vaporised 
Hydrogen Peroxide (H2O2) (Deprox™) (Pic 2)

6

  The successful implementation of MRSA control bundle of a previously unscreened patient population

  Hand hygiene compliance improved over the course of investigation from 50% – 95%

  Utilising the Deprox™ process (Fig 3)
the virulent MRSA outbreak strain. Transference of the bundle to other settings with promising success

  Recording the number of colonised babies over time and placing interventions on a time line showing 
reductions in colonisation rates and non-circulation of virulent MRSA outbreak strains (Fig 4)

7 Lessons Learnt

  Surveillance and molecular typing of outbreaks typically focuses on patient isolates but should also involve 
environmental assessment

   The need for precise strain typing data, to define an outbreak and to identify and map patient acquisition

  The role of the environment as a potential transmission risk; and the need for targeted environmental 
decontamination in addition to cleaning

8 Message for others

The role of environmental sampling in investigations of nosocomial outbreaks of MRSA remains controversial 
and is often underestimated. As demonstrated it is important to intervene using a bundled approach for 
Infection Prevention & Control using revolutionary technology such as highly rapid discriminatory MRSA 
typing system and vaporised Hydrogen Peroxide H2O2 (Deprox™).

The use of vaporised Hydrogen Peroxide H2O2 (Deprox™) greatly increases the reduction in microbial 
load in the environment. As the premier hospital in Australia for this technology we are leading the way in 
incorporating the Deprox™ system into normal cleaning processes to avoid any future outbreak situations. 
Routine procedures now incorporate linking strain types of MRSA among patients, identifying possible 
transmission events and any causal links with environmental contamination.
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Fig 1: MRSA strains in NICU, May 2011 – April 2013. Graphs demonstrating MRSA outbreak and 
identified strains

Fig 2: Staphylococcus aureus typing report. Sequencing pattern2

Fig 3: Outbreak MRSA strain in NICU. Implementation of vaporised Hydrogen Peroxide (H2O2)
and a reduction eradication of virulent outbreak MRSA strain

Fig 4: Outbreak timeline between 18 May 2011 until 23 January 2012. PPE (Personal Protective 
Equipment); HH (Hand Hygiene); HCW (Healthcare Worker)
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Binary typing individual probe results^

Binary
Typing
ResultNote MLST spa

(Predicted)*

Ward SCC
mecResistanceAge

3724881511 2647534 WMD 13/12/12 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 37248Mother 53 22 t005Birth Un IV.3.1.2Not Done39

3724893542 1283231 WMD 6/10/11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 0 280847 239 t037BT Dialy IIICIP CLI ERY GEN
COT

60

3724841660 2772611 WMD 3/02/13 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 0 258 73 t002W.Neon IVNot Done6d

3724860297 2747650 WMD 11/12/12 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 45441Baby 53 22 t852W.Neon Not Done4d

3724811131 2738081 WMD 16/12/12 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 37248Baby 54 22 t005W.Neon IV.3.1.2Not Done4w

3724842066 2752173 WMD 19/12/12 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 0 160002Baby 78 t1951W.Neon IVNot Done6w

3724832204 2755913 WMD 28/12/12 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 0 144257Baby 55 22 t032W.Mater IVNot Done5d

3724841374 2755456 WMD 29/12/12 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 0 144257Baby 22 t032W.Mater IVNot Done5d

3724843510 2762921 WMD 14/01/13 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 46465Baby 56W.Neon CIP CLI ERY GEN
COT

7d

3724882600 2665606 WMD 18/01/13 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 46465Mother 56C.Unive Not Done32

3724871874 2768016 WMD 27/01/13 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 0 78720Baby (Guthrie) 22 t032W.Neon IVNot Done8d

3724841789 2770128 WMD 3/02/13 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 37248 22 t005W.Neon IV.3.1.2Not Done11d

3724820140 2440780 WMD 22/05/11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 37248Baby 1 22 t005IV.3.1.2GEN COT

3724881202 2443079 WMD 18/05/11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 37248Baby 2 22 t005IV.3.1.2GEN COT

3724843698 2474441 WMD 28/07/11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 37248Baby 3 22 t005IV.3.1.2GEN COT

3724881109 2474442 WMD 17/07/11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 37248Baby 4 22 t005IV.3.1.2GEN COT

3724851198 2478006 WMD 28/07/11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 308034Baby 5 1 t127IVNil

3724811319 2488374 WMD 9/08/11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 37248Baby 6 22 t005IV.3.1.2GEN COT7 days

3724854499 2492275 WMD 23/08/11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 37248Baby 7 22 t005IV.3.1.2GEN COT2 weeks

3724860451 2507673 WMD 13/09/11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 427152Baby 8 772 t657VCIP CLI ERY GEN
COT

7 days

3724891867 2508934 WMD 16/09/11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 308034Baby 9 1 t127IVNil6 days

3724820338 2509819 WMD 19/09/11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 37248Baby 10 22 t005IV.3.1.2GEN COT7 days

3724840113 0001568 Childre 21/09/11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 37248Baby 11 22 t005IV.3.1.2GEN COT

3724813771 2517070 WMD 28/09/11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 37248Baby 12 22 t005W.Ctr N IV.3.1.2GEN COT4 days

3724813774 2517076 WMD 28/09/11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 37248Baby 13 22 t005W.Ctr N IV.3.1.2GEN COT5 days

3724834182 2532415 WMD 9/11/11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #nu me 1 308034Baby 14 1 t127W.Ctr N IVNil2 weeks

, SCCmec and spa results in italics are predicted values based upon known isolates typed wi th the RLB binary typing system (MRSA only); Those in blue bold have been typed. SCCmec nomenclature as per Kondo et al [AAC 51(1):264-74]
^ Toxin genes are in blue, phage-derived open reading frames in black and SCCmec elements in red. Sp=Sense Probe, Ap=Antisense Probe
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http://www.cidmph.org.au/pages/AuSeTTS)(O’Sullivan MV,
SintchenkoV, Gilbert GL;submitted for publication) to iden-

tify the combination of targets with the highest discrimina-
tory power, while maintaining concordance with multilocus

sequence typing (MLST).Targets selected were four toxin
genes(sea, sec, sedandlukS-PV), nine derived from integrated

prophages (Tn554tnpB, uMu50B SAV0881,uPV83 ORF 2,
uMu50B SAV0858,u11 nt 4427-5251,uSLT ORF 257,

uN315 SA1801,uMu50A SAV1974anduSLTORF182) and
six SCCmecelements (ccrAB, ccrC, mecR1, E007,CQ002and

cadB) plus nuc (S.aureuscontrol) and mecA (MRSAcontrol).
All targets were ampli�ed in a single multiplex PCRreaction;
products were hybridized to probes on a reusable nylon

membrane and detected by chemiluminesence,visualized on
X-ray �lm [9]. Resultswere expressedas a 19-digit binary

number, converted to a decimal code for easeo
tion. The method’s discriminatory power (Simpson’sindex of

diversity,D = 0.994;95% CI,0.988–1.00)was similar to that
of PFGE(D = 0.987; 95% CI, 0.977–0.998)and higher than

that of spa typing (D = 0.926;95% CI, 0.879–0.972)and its
concordance with MLSTwas high (adjusted Wallace coef�-
cient 0.993;95% CI, 0.986–1.000[10]). The assaywas per-

formed weekly and, during the outbreak investigation,
selectedisolatesfrom the NICUwere further characterized.

Pulse �eld gel electrophoresis (PFGE)was performed
according to the harmony protocol [11]; patterns were

examined usingBIONUMERICSv3.00 software (Applied Maths,
Sint-Martens-Latem,Belgium). PFGEtypes were de�ned by

indistinguishable patterns (100%similarity).spatyping [6] and
MLST [12] were performed according to previously pub-

lished methods. SCCmec subtyping was performed using
mPCR/RLBassay[8]; subtypeswere assignedas proposed by

Chongtrakoolet al.[13].

Results

Between 18 May 2011 and 23 January2012, 20 MRSAcolo-

nized or infected neonates (including three sets of twins)
were identi�ed in the NICU(Fig. 2). Fifteen were outbreak

cases,of whom four had MRSAinfection: one each with
purulent ear discharge and severe pneumonia and the two
index cases,with fatal sepsis.

Case 1 had rapidly progressive sepsis and necrotizing
pneumonia, with pneumatocoeles.MRSAwas isolated from

tracheal aspirate and urine but not blood. Case2 developed
overwhelming sepsis,with MRSAin blood and CSF,2 days

after MRSA had been isolated from a nasal lesion. Both
infants were treated empirically with vancomycin at the

onset of symptoms and later with linezolid and/or clindamy-
cin. Clinical presentationsand outcomes of all 20 cases(see
below) are summarizedinTable 1.

In May 2011, surveillance cultures were collected from
138 NICU HCW;two (sta A and B) were colonized and

successfullydecolonized. In June 2011, a bundle of enhanced
infection control measures was implemented: MRSA-
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FIG.2. Outbreak timeline between 18 May 2011 until 23 January2012. PPE,personal protective equipment; HH, hand hygiene; HCW,health-

care worker.
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Pic 1: Patient zoning Pic 2: Vaporised Hydrogen Peroxide 
(H2O2) (DeproxTM)

‘Innovations for MRSA control in a Neonatal Intensive 
 Care Unit (NICU) - MRSA control bundle’


