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ABSTRACT 

Introduction: Multidrug-resistant (MDR) healthcare associated infections (HAI) 

cause debilitating and life-threatening infections in hospitalised patients.  Neonates 

are at high-risk for HAI.  The environment may act as a reservoir for MDR HAI 

organisms, and evaluation for relatedness between MDR environmental organisms 

and clinical specimens is vital.  Molecular techniques provide the best method for 

assessing relatedness. 

Setting: Neonatal unit at a tertiary academic institution in Gauteng, South Africa 

Objective: To sample high-touch environmental surfaces to determine microbial 

bioburden, isolate multidrug-resistant organisms (MDROs) and determine genetic 

relatedness of MDR environmental organism and clinical MDROs by macro-

restriction analysis 

Methods: In a point-prevalence environmental sampling survey of the neonatal unit, 

112 environmental samples were taken and processed for microbial bioburden and 

the presence of MDROs.  Neonatal blood culture samples of MDROs were collected 

over four weeks.  Macro-restriction analysis was performed to determine genetic 

relatedness of environmental and clinical isolates 

Results:  Microbial bioburden demonstrated variation in the unit.  Greater microbial 

bioburden was recorded in overcrowded cubicles.  Environmental sample isolates 

included 52 MDROs: 5 MRSA; 4 CRE; 19 ESBL Enterobacterales, and 24 XDR A. 

baumannii.  Isolation of a MDR ESKAPE organism was not related to the microbial 

bioburden of the surface sampled (p-value= 0.22).  Genetic relatedness of 

environmental and clinic XDR A. baumannii isolates was found, however a temporal 

relationship was unable to be demonstrated. 

Conclusion:  Microbial bioburden and distribution of MDR ESKAPE organisms was 

described.  The microbial burden and isolation of MDR ESKAPE organisms do not 

correlate.  Organisms are transferred from high touch surfaces to infants in the unit, 

most likely via health care worker and caregiver hands.  Genetic relatedness of 

environmental and clinical isolates emphasises the importance of infection prevention 

and control measures.   
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1. INTRODUCTION 

1.1 General Introduction 

Healthcare associated infections (HAI) are considered the most frequent adverse 

events threatening patient’s safety worldwide, causing significant morbidity and 

mortality.(1)  Endemic HAI represents a major burden and safety issue for patients in 

resource-constrained countries compared to developed countries.(1)  Not only do 

patients that acquire HAI have a higher mortality risk, but those that survive have 

longer hospital admission, further increasing health care costs.(2) Several factors 

promote the acquisition of infections in hospitalised patients. These include 

decreased immunity, prolonged hospital stay, especially for preterm infants, 

increasing variety of invasive medical procedures, overcrowding, and poor 

adherence to infection prevention and control (IPC) practices.(1,2)  In one review, 

75% of paediatric HAI bloodstream infections were caused by Klebsiella 

pneumoniae, Escherichia coli,  Staphylococcus aureus, Enterococcus spp, 

Acinetobacter spp and Pseudomonas aeruginosa.(2)  Hospital environmental 

surfaces are often contaminated with microorganisms, and these surfaces can act as 

a reservoir and vehicles for the transfer of HAI pathogens.(3) 

1.2 Literature review 

The burden of multidrug-resistant organisms (MDROs) has increased worldwide.(4)  

MDROs are defined as organisms exhibiting microbial antibiotic resistance to at least 

one antibiotic in three or more antimicrobial categories.(5)  There is a high 

prevalence of multidrug resistance amongst the "ESKAPE" bacteria, defined by the 

Infectious Diseases Society of America (IDSA) as Enterococcus spp, Staphylococcus 

aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa 

and Enterobacter spp.(4)  There is a significant prevalence of MDR ESKAPE 

organisms in patients who acquire an HAI in South Africa's healthcare facilities.(6)  In 

the most recently available GERMS-SA (Group for Enteric, Respiratory and 

Meningeal Diseases Surveillance in South Africa) for 2019, 20% of all carbapenem-

resistant Enterobacterales bacteraemia occurred in infants less than one year of age, 

and 40% of all Acinetobacter baumannii bacteraemia occurred in infants less than 

one year of age.(7) 
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Candida auris is an emerging pathogenic fungus, with some isolates found to be 

resistant to all three major classes of antifungal agents.(8)  Candida auris invasive 

infections are associated with high mortality.(8)   Candida auris was first identified in 

South Africa in 2009. Since then, laboratory-based fungal surveillance has noted a 

sustained and real increase in cases at the national reference mycology laboratory at 

the National Institute of Communicable Diseases (NICD).(9,10)  The last published 

results indicated that Candida auris is the third most common cause of candidaemia 

in South Africa.(10)  Prior to the emergence of Candida auris, there were multiple 

undetected outbreaks of azole-resistant Candida parapsilosis in neonatal intensive 

care units (NICU) in the Gauteng province.(11)  The ability of Candida auris strains to 

survive on dry and moist surfaces and further whole genome sequencing 

investigations between environmental and clinical isolates suggests that transmission 

from the environment is possible.(8,12)  Candida spp often contaminate floor 

surfaces and sink drains.(12) 

The transmission of pathogens causing HAI occurs via three methods: contact, 

droplet and airborne.(13)  Contaminated environmental surfaces are involved in 

contact spread.  Direct contact spread involves direct physical transfer of 

microorganisms from person to person, which may be from patient to patient or 

healthcare worker to patient.(13)  Indirect, direct spread involves contact with an 

inanimate object or hospital surface contaminated with microorganisms.(13)  The 

healthcare worker may act as an intermediary between the contaminated surface and 

the patient.  For many years it was thought that the environment did not contribute to 

the hospital acquisition of HAI.(14)  This was due to historic studies showing that HAI 

rates were not associated with the levels of the general microbial contamination. 

Currently, there is no consensus on acceptable levels of microbial contamination of 

environmental surfaces in health care settings.(15)  There is increasing evidence 

from various sources suggesting that contaminated surfaces play a role in HAI 

transmission.(14)  These suggest an increased risk of acquiring a HAI with 

vancomycin-resistant enterococci (VRE), methicillin-resistant Staphylococcus aureus 

(MRSA), Acinetobacter spp, Pseudomonas spp or Clostridioides difficile infection if 

admitted to a room that was previously occupied by a patient that was known to be 

infected or colonised with one of these pathogens.(16)  Factors that influence the 

transfer of microorganisms onto surfaces and cross-contamination are type of 
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organism, source and destination surfaces, moisture level and size of the 

inoculum.(13)   

Microorganisms are shed into the hospital environment from infected or colonised 

patients and staff.(17)  Patients are the primary source of contamination; therefore, 

surfaces close to the patient and that are touched frequently by healthcare workers 

have a higher frequency of contamination.  These are the so-called high-touch 

surfaces from which HAI may spread via healthcare workers.   Infected patients shed 

more than colonised patients.(17) 

The concentration of pathogens causing HAI are often much less present in the 

environment than that present on the patient (1-100 cfu/cm2 vs 103 cfu/cm2 on skin), 

and special enrichment techniques are required to culture them.(17)  The mere 

presence of a HAI pathogen on a surface does not automatically result in infection 

transmission, but the infectious dose of most HAI pathogens seems to be relatively 

low; therefore, the presence of a pathogen at any concentration may pose a risk.(17)  

In 2004, Dancer et al proposed a standard in health care settings of a total aerobic 

colony count of <5 cfu/cm2 for hand-touch surface cleanliness.(18)  This was 

extrapolated from the United States Department of Agriculture and international food 

standards of food preparation surfaces.  In addition, they proposed that the isolation 

of select indicator organisms at any number should generate an evaluation and 

intervention of hospital surface cleaning.(18) The indicator organisms suggested 

were MRSA, Clostridioides difficile, VRE, and select Gram negative organisms.(18)  

The basis of an aerobic colony count of >5 cfu/cm2  for hand-touched surfaces was 

based on three suppositions.  The first is that a high aerobic colony count suggests 

inadequate environmental cleaning, the second that a heavy microbial bioburden 

may mask the identification of an indicator organism and thirdly, a heavy 

concentration of an environmental organism that is epidemiologically linked to a 

pathogen, may suggest an increased likelihood of the presence of the pathogen (e.g. 

coagulase-negative staphylococci and Staphylococcus aureus).(18)  This standard 

does not take into account the patient susceptibility to infection or cleanliness 

requirements of different hospital environments(19).  The lack of true knowledge 

about the hospital environmental microbial bioburden on surfaces leads to difficulty 

assessing the achievable microbial bioburden that will impact patient safety and 

assessing cleaning and disinfecting procedures to reduce microbial bioburden(20).   
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Microbiological studies have shown that important hospital pathogens can survive for 

long periods on surfaces in the right conditions, and some pathogens may persist 

even after appropriate cleaning of surfaces.(14) 

Table 1.1 Survival of hospital pathogens on dry hospital surfaces 

ORGANISM SURVIVAL TIME 

Acinetobacter spp 3 days to 11 months 

Enterococcus spp including VRE 5 days to >46 months 

Pseudomonas aeruginosa 6 hours to 16 months 

Klebsiella spp 2 hours to >30 months 

Staphylococcus aureus including MRSA 7 days to >12 months 

 (Adapted from Otter et al, 2013) 

Hospital surfaces may serve as a source for HAI with MDROs.  A study in Malaysia 

looking at the distribution and antibiotic resistance in clinically important bacteria in 

the environment found genetically related MDR Staphylococcus aureus, Klebsiella 

pneumoniae, Acinetobacter spp. and Enterobacter spp, from various sampling 

sites.(21)  In the neonatal ICU, predominantly Acinetobacter spp and K. pneumoniae 

were isolated.(21)  In units where carbapenem-resistant Acinetobacter baumannii 

was endemic, environmental contamination was frequent if patients were also 

colonised/infected.(22)  In a study in a respiratory ICU, almost 40% of environmental 

and clinical samples of Acinetobacter baumannii isolates were found to be in the 

same cluster on pulsed-field gel electrophoresis.(23)  Higher proportions of 

potentially pathogenic organisms are isolated from sanitary facilities.(19)  There is a 

poorly understood and under-appreciated association between pathogens that 

survive and persist better in water sources and HAI infections. The minimisation of 

exposure to hospital tap water is recommended.(24)  Exposure to water aerosols 

from sinks in patients’ wards, may act as a source of contamination and patient 

colonisation.  Hopman et al found a reduction in patient colonisation with Gram 

negative bacilli after removing sinks from patient areas and introducing “water-free” 

patient care.(25)  An investigation of a neonatal Pseudomonas aeruginosa outbreak 

in Northern Ireland demonstrated organisms in biofilms in the plumbing could serve 

as a reservoir for an outbreak strain of Pseudomonas aeruginosa.(26)  The more 

complex the plumbing system, the more likely the isolation of biofilm and 

organisms,(26)  Rethinking of the layout of plumbing and water drainage systems in 

the hospital built environment may be required to prevent hospital waterborne HAI 

infections.(27) 
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Evidence on how to sample hospital environmental surfaces are inconsistent, and 

there is no guidance or legislation on how to proceed.(28)  A review of sampling 

techniques found that MDRO and clinically significant microorganisms are frequently 

isolated from hospital environmental surfaces and may therefore represent a risk to 

vulnerable patients.(28)  It is difficult to draw conclusions on environmental sampling 

due to the many variables present.  Different swab materials showed inconsistent 

results for the isolation of bacteria.(29) Other variables that affect environmental 

sampling include: the technique used, use of wetting agents, transport media, 

neutralising broths, processing techniques, organisms targeted and the 

environment.(28)  Swabs and sponges are the most commonly used environmental 

sampling materials in both healthcare and non-healthcare settings.(28)  Swabs and 

sponges are cost-effective, can sample various surface types and irregular surfaces, 

variable surface sizes, pick up a variety of organisms and work over a range of 

microbial burden levels.(28)  Disadvantages of swabs and sponges include variability 

in sampling, area sampled, pressure during sampling and swab material.  Swabs and 

sponges also require an extraction step in processing and suffer from variability in 

the recovery of viable organisms from the sampled surfaces.(28)  Sample extraction 

is affected by the solution used for extraction and the method used.(28)  Vortexing 

has been demonstrated to have good extraction recovery for swabs, and agitation is 

a viable method for sponges.(28)   Sample enrichment in a nutrient broth is helpful 

for slower-growing organisms, stressed organisms, and to recover specific organisms 

from swab or sponge samples.(28)  Targeting for specific organisms requires 

inoculation of the enriched broth onto selective media.(28)  The use of an enrichment 

broth only allows the determination of whether an organism is present or absent.(28)  

Many environmental sampling techniques are only evaluated in the laboratory 

setting.(28)  Colony forming units (cfu) per cm2, often do not reflect the true risk to the 

patient, as studies show that surfaces with the highest bioburden are not always the 

surfaces with the most MDRO.(28) 

Linking microorganisms from environmental samples with clinical isolates by 

molecular epidemiology is important whenever it is possible to do so.(15)  Macro-

restriction analysis by pulsed-field gel electrophoresis (PFGE) is a powerful 

genotyping technique used to determine the relatedness of a group of bacterial 

isolates.(30)  PFGE is used to separate large DNA fragments after digestion with a 

unique restriction enzyme and applying it to a gel matrix under an electric field that 
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periodically changes direction.  It provides a good representation of the entire 

bacterial chromosome in a single gel, with a reproducible restriction profile.(31,32)  

The PFGE profile must be interpreted taking into account environmental factors and 

the epidemiological window at the time of sampling.(33)  Point mutations, insertions, 

deletions, and loss or acquisition of plasmids account for fragment differences in 

different profiles.(34)   

 

Advances in whole genome sequencing (WGS) have lowered the cost and time for 

sequencing a bacterial genome, but costs are still high.(34)  The additional need for 

highly trained bioinformatic staff and data processing and interpretation skills adds to 

cost and limits availability.(34) WGS has surpassed other molecular techniques to 

become the reference method for assessing the genetic relatedness of 

microorganisms.(33) 

The neonatal unit at the tertiary level hospital where environmental sampling was 

performed experiences a high burden of hospital-acquired infections with MDRO 

isolates, particularly XDR (extensively drug-resistant) Acinetobacter baumannii and 

CRE (carbapenem-resistant Enterobacterales) Klebsiella pneumoniae. (Wadula J, 

2021, personal communication, March) 

1.3. Study Aims and Objectives 

This study aimed to determine the microbiological burden of high-touch surfaces and 

terminally disinfected incubators of the neonatal intensive care unit (NICU) and the 

transitional intensive care unit (TICU) with a particular interest in MDRO "ESKAPE" 

organisms and Candida auris.  These environmental samples were compared to 

available clinical MDRO isolates of severe infection (blood culture) for genetic 

relatedness by macro-restriction analysis. 

The study objectives were: 

• To sample high-touch surfaces, equipment and terminally cleaned incubators 

and determine the microbiological bioburden via quantitative culture methods. 

• To identify and characterise the antimicrobial resistance of MDR ESKAPE 

organisms and Candida auris (MDR ESKAPE+C) present on the 

environmental surfaces sampled, even if present in low numbers. 
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• Identify clinical isolates of MDR ESKAPE+C organism from blood cultures and 

CSF cultures taken from patients admitted to NICU and TICU and temporally 

related to the environmental sampling period. 

• To determine the possible genetic relatedness of MDR ESKAPE+C organisms 

from the environment and clinical samples by macro-restriction analysis using 

pulsed-field gel electrophoresis (PFGE). 

 

2. METHODS 

Ethics approval was granted by the Human Research Ethics Committee - Medical, of 

the University of the Witwatersrand.  Permission to perform the study was also 

obtained from the postgraduate committee of the University of the Witwatersrand.  

Ethics approval was obtained before any study procedures commenced.  The ethics 

approval number is M200228 (see appendix 1).  Consent and approval from the unit 

head and the hospital CEO were also obtained. 

2.1 Setting 

A point-prevalence sampling survey was conducted in the Neonatal Intensive Care 

Unit (NICU) and the high care unit, called the Transitional Intensive Care Unit (TICU) 

at a tertiary level hospital in Soweto.  This unit serves the population of Soweto and 

surrounding areas.  The unit caters for the majority of 30 000 neonates born per year 

and requiring admission from this region, and it is one of the two referral centres for 

surgical services for southern Gauteng and North West provinces.  The NICU and 

TICU share the same physical building space, with no physical barrier between the 

units, but only a centrally placed nursing station.  The NICU offers critical ill 

premature and term neonates services, often requiring ventilation.  The NICU has 

two isolation cubicles with single beds and two open cubicles.  One cubicle has six 

beds, and the other cubicle has four beds.  The TICU cares for less ill neonates and 

functions as a step-down facility for the NICU.  Maximal ventilatory support in the 

TICU is continuous positive airway pressure (CPAP).  The TICU has five cubicles.  

Four cubicles house between 8 -10 beds, and 1 cubicle is used as an isolation 

cubicle as needed with a maximum of 3 beds available.  Each bed has its own 

monitor unit, with a touch screen display, individual saturation probe, heart rate 

monitors and blood pressure cuff.  A clean new module is attached to the monitor if 
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the neonate is undergoing invasive monitoring.  Infusion pumps are cleaned and 

attached to the bed or near the bed as needed.  In the NICU, each neonatal bed has 

its own mobile multifunctional bedstand, which is colloquially known as a “trolley”.  

This is used as a writing surface when making notes, for the temporary placement of 

medication and feeds before administration and as the preparation surface for other 

procedures.  In the TICU cubicles, only 3 of these mobile trolleys are shared amongst 

the patients in the cubicle.  Each cubicle in both the NICU and TICU have a 

“medication station”, which acts as a store for unopened syringes and needles that 

can be used to administer medications and urgent medications (ivi fluids).  The 

medical station also has a 200ml ivi bag (normal saline or neonatal solution) that is 

accessed with a new needle and syringe when fluids are needed to dilute 

medications administered to an infant.  There are no individual vials of dilution fluid.  

The NICU and TICU have 51 beds, with an almost always 100% bed occupancy, and 

the TICU is often overcrowded, above the bed capacity of the unit.  Prescribed 

intravenous medications for neonates in the NICU and TICU (antibiotics, infusions, 

etc.) are prepared by the pharmacy department in a dedicated cleanroom located 

outside the NICU and TICU unit entrance. 

2.2 Study Procedures 

The study comprised of two components: the first was a point prevalence sampling of 

the environment of the NICU and TICU done over 1 day on 29 July 2021. To 

minimise the Hawthorne effect, only the head of unit knew the date of sampling.(35) 

Other staff were informed on arrival on the day of sampling to avoid changes in staff 

behaviour before sampling.  The second component was collecting clinical 

microbiological samples of MDR ESKAPE+C organisms cultured from blood and 

cerebral-spinal fluid (CSF) of patients in the NICU and TICU.  Duplicate samples from 

the same patient were not included.  The clinical sample sites were chosen because 

they represented severe invasive infection and were less likely to be confused with 

colonisation.  Clinical samples were collected over 4 weeks from 5 July 2021 until 30 

July 2021.  This period was chosen for clinical samples to detect possible clonal 

transmission and a temporal relationship between clinical and environmental isolates.  

The date of environmental sampling and the period of collection of clinical samples 

was restricted due to operational requirements and temporary COVID restrictions 

implemented, that limited non-essential research in the hospital. It was agreed upon 

with the head of the unit to minimise any potential disturbance to the usual running of 
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the unit.  Genetic relatedness was determined between environmental MDR 

ESKAPE+C isolates and clinical MDR ESKAPE+C isolates by macro-restriction 

analysis using pulsed-field gel electrophoresis (PFGE).  Only MDR ESKAPE+C 

organisms that had greater than two environmental and one clinical isolate were 

processed for macro-restriction analysis using pulsed-field gel electrophoresis. 

2.2.1 Environmental sampling methods 

Environmental samples were collected using environmental swabs (PurBlu Swab 

Sampler with Hi-Cap neutralising broth 5ml; World Bioproducts, Libertyville, IL, USA) 

for small surfaces (≤100cm2) and sponges (EZ Reach sponge sampler with Hi-Cap 

neutralising broth 10ml; World Bioproducts, Libertyville, IL, USA) for surfaces larger 

than 100cm2, and multiple surfaces where applicable. The swab and sponge 

consisted of a biocide-free polyurethane head that resisted tearing and flaking while 

sampling.  The Hi-Cap neutralising broth neutralises residual sanitisers, including 

quaternary compounds, free chlorine molecules, acidic compounds and peroxyacetic 

acid.  There are no nutrients in the broth, and it does not promote bacterial growth, 

therefore representing the sampled bacterial load. 

To evaluate the bacterial limit of detection for MDR ESKAPE+C of the swab and 

sponge sampling technique, a preliminary evaluation was performed at the Infection 

Control Services Laboratory (ICSL) at the University of Witwatersrand.  An isolate 

representative of each MDR ESKAPE+C was obtained from the collection of MDR 

organisms stored at the ICSL.  The Candida auris isolate was obtained from a clinical 

specimen isolate.  Each organism was suspended in brain heart infusion (BHI) broth 

and incubated aerobically at 35oC±2oC in ambient air for 18 hours.  An inoculum of 

each turbid broth was streaked on a 5% blood agar plate and incubated at 35oC±2oC 

for 18-24 hours for individual colony growth.  For each organism, a 0,5 McFarland 

standard was made in normal saline.  A 0,5 McFarland standard represents 

approximately 1-1,5x108cfu.(35)  Each bacterial and fungal McFarland suspension 

was serially diluted by a factor of 10, to a dilution of 1x10-8, representing 1cfu/ml.  The 

serial dilutions were made by diluting 1ml of each suspension into 9ml of normal 

saline.  One millilitre of each dilution at concentrations of 10-5, 10-6, 10-7 and 10-8 was 

inoculated onto separate plastic test surfaces and allowed to dry.  This was done for 

each organism.  The surface was sampled and processed as described below.  The 

lowest concentration at which the swab and sponge sampling detected organisms 
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were recorded as the expected threshold of detection.  Once the threshold of 

detection was determined, mixed cultures were prepared and evaluated to ensure 

that different organisms were picked up adequately by the sampling process from 

mixed communities of organisms.  

On the day of sampling the NICU and TICU, the head nurse and doctors of the unit 

were informed that environmental sampling would be occurring, to be aware of who 

we were and the reason for our presence.  Sampling was done to ensure that there 

was no to minimal disruption to the normal work of the unit and no patient interaction.  

Before sampling, hand hygiene was practised, and sterile gloves and a plastic apron 

were worn.  Repeat hand hygiene; new gloves and apron were applied when moving 

to a new cubicle. 

Environmental sampling was targeted at high-touch surfaces and areas where 

potential environmental contamination may occur.  High-touch surfaces near the 

neonate were sampled as a composite with one sponge.  The high-touch surfaces 

per composite sponge sample included:  patient monitors screens, infusion pumps 

and ventilators or CPAP machines in use.  In the NICU, multifunctional trolleys were 

included with the composite of each neonate, as each neonate had its own trolley. All 

these high-touch surfaces were within proximity to the neonate and could be reached 

and touched by a healthcare worker while attending the neonate.   An arbitrary 

distance of 1 metre was used to delineate the extent of proximity.  The inside of 

incubators and cots were not sampled, nor were monitoring devices attached to the 

patient, as these would most likely represent the organisms colonising the neonate.   

Clean incubators that had been terminally disinfected were sampled to evaluate 

residual microbial bioburden post terminal disinfection.  Terminal disinfection refers to 

the cleaning and disinfection processes undertaken on an incubator after a neonate 

has been discharged.  As per the unit’s protocol, terminal disinfection of incubators 

included removing the incubator from the unit and washing the incubator with warm 

water and detergent to remove any gross contamination with body fluids.  After 

rinsing and drying the incubator, it was then wiped down with a hypochlorite solution 

with 5000ppm concentration and again allowed to dry.  After this step, the incubators 

are cleaned with a commercial sporicidal wipe (Clinell sporicidal wipes; Gama 

Healthcare, Watford, UK).  After terminal cleaning, the incubators are left in a 

passage to be taken for use when the next patient is admitted.   
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Common use areas, with potential for environmental contamination, in each sampled 

cubicle included: medication station, mobile trolleys, the hand basin and drain, tap 

handles, the water outlet faucet and hand wash bottles (soap bottles and alcohol-

based hand sanitisers).  Once-off common area environmental sampling for possible 

contamination included:  the nursing station, the probe of the ultrasound machine, 

blood glucose meter and the door handle to the unit’s entrance.  The medication 

preparation room in the pharmacy anteroom was also sampled.  This was where all 

intravenous injection (ivi) medications were prepared before delivery in the unit. 

 In total, 115 specimens were taken.  Three samples were negative environmental 

controls, leaving 112 environmental samples (mixture of sponges and swab samples) 

representative of environmental sampling.  Environmental negative controls were 

taken by opening the swab or sponge, removing it, exposing it to air (not sampling a 

surface) and returning it into the neutralising broth.  Negative environmental controls 

were controlled at the beginning, middle and end of the sampling time.  They were 

performed to exclude sample contamination. 

Small areas (<100cm2) were sampled with the PurBlu Swab Sampler with Hi-Cap 

neutralising broth 5ml (World Bioproducts, Libertyville, IL, USA).  This swab sampler 

had a screw-top lid, with the tip of the swab immersed in the 5ml of neutralising broth.   

For both swab and sponge sampling techniques, the sampling technique protocol 

was adapted from the American Society of Microbiology (ASM) Clinical Microbiology 

Procedures Handbook, Fourth Edition, Section 13 (36)  and the manufacturer’s 

instructions.  Briefly, for swab sampling, after opening the swab sampler, the excess 

neutralising broth was removed by wringing out the excess fluid by pressing and 

rotating the swab on the inside surface of the tube, above the level of the neutralising 

broth.  The surface was then sampled, slowly rotating the moistened swab while 

pulling the swab in close parallel streaks, with enough pressure to cause the stick of 

the swab to bend and exert a force on the surface.  This motion was then repeated 

perpendicular to the original streaks.  The swab was then replaced into neutralising 

broth, and the test tube screwed closed.  The tube was then gently shaken end to 

end.  The samples were taken using a sterile template on flat surfaces, so a known 

surface area was sampled.  The surface area was estimated using a grid on irregular 

surfaces (tap handles, sink drainage holes). 
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Large surface areas were sampled with EZ Reach sponge sampler with Hi-Cap 

neutralising broth 10ml (World Bioproducts, Libertyville, IL, USA).  The sponges were 

prepared in sterile bags with 10ml of Hi-Cap neutralising broth.  After opening the 

sample bag, the excess neutralising broth was squeezed out of the sponge by 

applying pressure from the outside of the bag.  The sponge wipe was then removed 

by the handle, ensuring not to touch the inside of the bag to prevent contamination.  

The surface to be sampled was streaked with one side of the sponge, with consistent 

pressure.  The sponge was then rotated onto its opposite side and the same area 

was streaked perpendicularly to the original streaks.  The sponge was then placed 

back into the bag after removal of the handle attached to the sponge. The bag was 

then folded and sealed with wire ties on the top of the bag.  The sponge was mixed 

into the neutralising broth present in the bag. 

All samples were labelled and recorded on the Environmental Sampling Tracking Log 

(Appendix 2).  The information recorded on the Environmental Sampling Tracking 

Log included the date, the sampler, sample method (swab or sponge), area in cm2, 

cubicle, site sampled (bed and equipment), the sample episode number (ID) and the 

date of processing, once processed in the laboratory.  All samples were taken to the 

laboratory on the day of sampling, and laboratory processing started. 

2.2.2 Sample processing and culture methods 

All samples were taken to the ICSL at the University of Witwatersrand Department of 

Clinical Microbiology and Infectious Diseases (CMID) on the day of sampling and 

processed immediately on arrival.  The laboratory analysis of the samples aimed to 

quantify the microbial bioburden in colony-forming units per millimetre and cm2 and 

identify ESKAPE+C organisms and determine resistance expressed by the 

organisms. 

Physical dissociation methods were applied to the sponge and swab environmental 

samples to separate bacterial aggregates and allow for a more representative 

microbial count, of the original bioburden.  Swab samples were vortexed for 30 

seconds, and sponges were processed in the stomacher for 60 seconds.  The diluent 

Hi-cap neutralising broth was used for further processing. 

For the quantitative culture to determine the bioburden in cfu/ml and cfu/cm2, the agar 

spread plate method was used, also adapted from the ASM Clinical Microbiology 
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Procedures Handbook.  Serial 10-fold dilutions of the diluent were made up to a 

1:1000 concentration.  These were made by adding 1ml of diluent to 9ml of normal 

saline. 

• Original diluent 

• 1:10 dilution (add 1ml diluent to 9ml normal saline) 

• 1:100 dilution (add 1ml of 1:10 dilution to 9ml saline) 

• 1:1000 dilution (add 1ml of 1:100 dilution to 9ml saline) 
 

After preparation of the dilutions, 0.1ml of the original diluent and each dilution was 

inoculated onto a 5% blood agar plate surface (DMP, Sandringham, South Africa); 

therefore, there were four 5% blood agar plates.  The inoculum was distributed on 

the plate surface with a sterile spreader, placed in a biological safety cabinet to dry, 

covered with an agar plate lid, and inverted for incubation.  The plates were 

incubated in ambient air at 35oC±2oC and reviewed at 24 hours for growth.  If there 

was no or minimal growth, the plates were incubated for a further 24 hours and 

reviewed for colony count.  Colony counts were performed when growth was noted 

on the plates.  Growth was considered sufficient when distinct isolated colonies could 

be seen.  The plate and dilution that had colony growth, but less than 300 colonies 

were chosen, and the number of separate distinct colonies were counted.  If there 

was greater than 300 colonies, the count was recorded as “too numerous to count”, 

as counts above 300 start showing areas of confluent growth and errors in counting 

can occur.   The number of colonies counted at a specific dilution was the colony-

forming units at that set dilution.  Colony-forming units/millilitre (cfu/ml) was 

calculated using the formula:   

• Cfu/ml = number of colonies counted ÷ volume inoculated (0.1ml) x dilution (at 

which the colonies were counted).(37) 

The colony-forming units per cm2 were calculated using the following formula: 

• Cfu/cm2 =  (number of colonies counted x volume of original suspension) ÷ 

(total surface area x dilution factor).(37,38) 

The cfu/cm2 was rounded to the nearest whole number.  Samples with less than 1 

cfu/cm2 were recorded at “<1”. 

Sample enrichment in brain-heart infusion (BHI) nutrient broth was performed to 

enhance the growth of MDR ESKAPE+C organisms that may have been present in 

low numbers and to be processed on selective and differential media to separate 
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them from heterogeneous microbial populations present in the environmental 

samples.  One millilitre of diluent was placed in 10ml BHI nutrient broth and 

incubated aerobically at 35oC±2oC.  The broth was reviewed at 24 hours for turbidity.  

If the broth was still clear at 24 hours, it was incubated for a further 24 hours.  If it 

was still clear at 48 hours, a Gram stain was performed, and if no bacteria or yeast 

was seen, the broth was considered negative for growth.  If the broth became turbid 

at any time, a Gram stain was performed, and organism staining reaction and 

morphology were recorded.  After Gram staining, a 0.1ml loop was streaked on the 

selective and differential media that was listed below and chosen to isolate the 

ESKAPE+C organisms: 

• 5% blood with nalidixic acid and colistin (DMP, Sandringham, South Africa) for 

Enterococcus spp 

• Commercial colorex Staphylococcus aureus agar (MediaMage, Roodepoort, 

South Africa) for Staphylococcus. aureus 

• MacConkey agar (DMP, Sandringham, South Africa) for Klebsiella 

pneumoniae, Acinetobacter baumannii, Enterobacter spp and Pseudomonas 

aeruginosa 

• Sabouraud Dextrose agar with chloromycetin (DMP, Sandringham, South 

Africa) for Candida auris 

The inoculated plates were incubated aerobically at 35oC±2oC and reviewed after 18 

to 24 hours of incubation and then inspected for the morphological features and rapid 

tests for the target ESKAPE+C organisms.  The Sabouraud Dextrose agar plate was 

incubated for a further 48 hours if there was no fungal growth, and the plate was not 

overgrown with other bacteria at 24 hours. 

There had to be at least two morphologically identical colonies present on the culture 

plates to ensure there were sufficient colonies to perform rapid biochemical tests 

(see table 2.1 below) and to plate out for growth on 5% blood agar plates.  Colonies 

identified as possible ESKAPE+C organisms were plated onto 5% blood agar and 

incubated at 35oC±2oC before proceeding with formal identification and antimicrobial 

susceptibility testing. 

All reagents, equipment and media were quality controlled as per procedural 

laboratory’s standard operating procedures. Reagents, equipment, and media were 

within their expiration date and in good working order. See appendix 3 for the quality 
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control testing template. Each new batch of agar plates or reagents were quality 

controlled. 

 

2.2.3 Bacterial identification and antimicrobial susceptibility testing 

Organism growth on selective and differential media was compared to Gram stain 

findings, colony morphology and rapid tests were performed as per table 2.1 

 
Table 2.1 Morphology and rapid test identification of the organism 

Organism Media Colonial Morphology Rapid Test 

Staphylococcus 
aureus 

Colorex Staph Lilac colonies 
Catalase positive 

Coagulase (Prolex kit*) 
positive 

Enterococcus spp 
5% blood agar 
with nalidixic 

acid and colistin 

Small, grey, convex colonies 
with entire border. Variable 

haemolysis patterns 
PYR - positive 

Klebsiella 
pneumoniae 

MacConkey 
agar 

Lactose fermenter (pink) 
mucoid colonies 

Rapid Indole negative 
Oxidase negative 

Acinetobacter 
baumannii 

MacConkey 
agar 

Non-lactose fermenter.  
Salmon pink, opaque, small 
convex colonies with entire 

borders 

Oxidase negative 

Enterobacter spp 
MacConkey 

agar 

Lactose fermenter. flat 
colonies with entire borders, 

occasional NLF+  

Rapid Indole negative 
Oxidase negative 

Pseudomonas 
aeruginosa 

MacConkey 
agar 

Grape odour, non-lactose 
fermenter, translucent 

colonies with spreading 
edges 

Oxidase Positive 

Candida auris 

Sabouraud 
Dextrose agar 

with 
chloromycetin 

"Bread" smell.  Creamy white, 
convex colonies  

Germ tube negative 

* Prolex™ Staph Xtra Latex Kit (Pro-Lab Diagnostics, Merseyside, United Kingdom) 
+ NLF – Non-lactose fermenter 

 
Colonies identified as possible ESKAPE+C organisms were further identified using 

the Vitek 2 system (BioMérieux, Marcy-l’Étoile, France).  Antimicrobial susceptibility 

testing was also performed on the automated  Vitek 2 platform (BioMérieux, Marcy-

l’Étoile, France),  according to the manufacturer’s instructions and interpreted 

according to Clinical Laboratory Standards Institute (CLSI) M100 32nd ed. 2021 

criteria.(39)  

Gram positive organisms (Staphylococcus aureus and Enterococcus 

faecalis/faecium) were processed on the AST-P603 card.  For Enterococcus 

faecalis/faecium, the antibiotics reported were: benzylpenicillin, ampicillin, 

vancomycin, teicoplanin, linezolid, ciprofloxacin, clindamycin, erythromycin, 

tetracycline, gentamicin high level and streptomycin high level.  Enterococci were 

https://www.google.com/search?q=Marcy-l%27%C3%89toile&stick=H4sIAAAAAAAAAONgVuLSz9U3MC7MMTc3fsRoyi3w8sc9YSmdSWtOXmNU4-IKzsgvd80rySypFJLgYoOy-KR4uJC08Sxi5fdNLEqu1M1RP9xZkp-ZkwoAjbzlnlgAAAA
https://www.google.com/search?q=Marcy-l%27%C3%89toile&stick=H4sIAAAAAAAAAONgVuLSz9U3MC7MMTc3fsRoyi3w8sc9YSmdSWtOXmNU4-IKzsgvd80rySypFJLgYoOy-KR4uJC08Sxi5fdNLEqu1M1RP9xZkp-ZkwoAjbzlnlgAAAA
https://www.google.com/search?q=Marcy-l%27%C3%89toile&stick=H4sIAAAAAAAAAONgVuLSz9U3MC7MMTc3fsRoyi3w8sc9YSmdSWtOXmNU4-IKzsgvd80rySypFJLgYoOy-KR4uJC08Sxi5fdNLEqu1M1RP9xZkp-ZkwoAjbzlnlgAAAA
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considered vancomycin-resistant if the antibiotic susceptibility report had a 

vancomycin MIC greater than or equal to 8µg/ml. 

Staphylococcus aureus antibiotics reported were: benzylpenicillin, oxacillin, cefoxitin 

screen, vancomycin, teicoplanin, linezolid, co-trimoxazole, erythromycin, clindamycin, 

MLS inducible test, ciprofloxacin, rifampicin, and gentamicin.  Isolates were 

considered methicillin-resistant if the cefoxitin screen was positive and the oxacillin 

MIC was greater than or equal to 4µg/ml.  

Gram negative bacilli organisms were processed on the Vitek AST-N255 card.  For 

Klebsiella pneumoniae and Enterobacter spp, the antibiotics reported were ampicillin, 

amoxicillin/clavulanic acid, piperacillin/tazobactam, cefuroxime, cefoxitin, cefotaxime, 

ceftazidime, cefepime, ertapenem, meropenem, imipenem, gentamicin, amikacin, 

ciprofloxacin, tigecycline, nitrofurantoin and co-trimoxazole.  An isolate was 

considered an ESBL-producing organism if the MIC to ceftazidime was greater than 

or equal to 8µg/ml and/or cefotaxime was greater than or equal to 2µg/ml.  This was 

also reviewed in the context of other antimicrobial susceptibilities. It would be 

expected that an ESBL-producing isolate would also be resistant to ampicillin and 

first and second-generation cephalosporins.  An isolate was considered carbapenem-

resistant if the MIC was not susceptible to any of the carbapenems tested; 

ertapenem greater than 0,5µl/ml and meropenem and imipenem greater than 1µl/ml.  

Carbapenem-resistant isolates were tested for carbapenemase enzymes using a 

lateral flow chromogenic assay, RESIST-4 O.N.K.V (Coris bioConcept, Gembloux, 

Belgium), which tests for KPC, OXA-48, NDM and VIM carbapenemases. 

For Acinetobacter baumannii and Pseudomonas aeruginosa, the antibiotics reported 

were cefotaxime, ceftazidime, cefepime, piperacillin/tazobactam, amikacin, 

gentamicin, meropenem, imipenem, ciprofloxacin, tigecycline and co-trimoxazole. 

Multidrug resistance was determined by exhibiting microbial antibiotic resistance to at 

least one antibiotic in three or more antimicrobial categories, and extensively drug 

resistance was determined by showing resistance to all available and tested 

antimicrobial categories except one. Colistin testing is not verifiable on the VITEK 2 

platform.  Colistin broth microdilution was not performed due to the limited availability 

of the test and prioritisation for clinical samples by the ICSL.  Lack of funds to 

outsource the testing and the rarity of colistin resistance reported from clinical 
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samples (unpublished laboratory surveillance data) were further reasons for not 

performing colistin broth microdilution. 

Antibiotic susceptibilities were interpreted using the MIC values generated by the 

Vitek 2 system.  All bacterial identifications and antibiotic susceptibility tests were 

processed with an accompanying purity plate on 5% blood agar that was reviewed to 

ensure mono-microbial growth and that no contaminating bacteria were present to 

influence the antimicrobial susceptibility results or identification of the organism.  

MDR isolates were stored on semisolid agar for macro-restriction analysis. 

2.2.4 Macro-restriction analysis 

Macro-restriction analysis using pulsed-field gel electrophoresis (PFGE) was 

performed.  Whole genome sequencing was not affordable nor readily available for 

the funding and scope of this study.  The PFGE procedure was performed according 

to the NHLS standard operating procedure NJHF0249 used in the ICSL laboratory of 

the NHLS and the University of the Witwatersrand.  The detailed procedures are in 

the appendices (appendix 4 MRSA; appendix 5 Gram negative Enterobacterales; 

appendix 6 Acinetobacter baumannii).   Each organism processed for macro-

restriction analysis followed that organism’s specific protocol.  An overview of the 

process is described.  Samples for macro-restriction analysis were plated out from 

semi-solid agar onto 5% blood agar, and a single colony was sub-cultured into BHI 

broth for 24 hours.  The number of bacteria to be processed per isolate was 

normalised using a spectrometer to a set optical density.  The organism was 

suspended in a PFGE agarose plug; these are known as plug slices.  The plug slices 

were processed for cell lysis using the appropriate buffer, digestion enzyme (if 

applicable), and proteinase K. The plug slices were washed after cell lysis. The 

remaining DNA in the plug slices was digested with the organism appropriate 

restriction enzyme.  Isolates were then separated on a Pulsed Field Electrophoresis 

Gel (1 - 1,5% concentration, dependant on organism) with appropriate switch time 

and time-period for optimal separation of DNA fragments, as determined previously 

by the laboratory.    The PFGE gel was stained with ethidium bromide and visualised 

using a UV transilluminator.  The image was captured using the laboratory GelDoc 

system (Bio-Rad, Hercules CA, USA) for further evaluation.  Criteria for assessing 

the relatedness of organisms are in the table 2.2  below, as described by 

Tenover.(30)  
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Table 2.2 Criteria for interpreting PFGE patterns 

Category Number genetic 
differences 

compared to the 
outbreak strain 

Typical number 
of fragment 
differences 

Epidemiological interpretation 

Indistinguishable 0 0 Isolate is part of the outbreak 

Closely related 1 2-3 Isolate probably part of the 
outbreak 

Possibly related 2 4-6 Isolate possibly part of the 
outbreak 

Different ≥3 ≥7 Isolate not part of the outbreak 

 

2.2.5 Data processing 

Data were collected and collated in Excel 365 (Microsoft, Redmond WA, USA).  Data 

from the environmental sampling log was transferred onto the collated Excel 

spreadsheet (Appendix 7) with data from the laboratory working card (Appendix 8) 

used during specimen processing.  Before analysis, the data were prepared to 

ensure there were no missing data and presented in a manner that calculations were 

easy to perform.  Outlying values from water sources and biologically contaminated 

surfaces with extremely high cfu/cm2 were identified and excluded from analysis.  

These cfu/cm2 were raised to unique microenvironmental niches and their inclusion 

would severely skew the data.  The laboratory working cards and Vitek 2 

antimicrobial susceptibility reports were filed with easy reference if further data were 

required.  A descriptive data analysis was performed, and the information was 

displayed in tables.  When comparing two sets of data, the Student t-test using an 

independent samples t-test methodology was used.  The p-value was calculated 

using the t-scores.  A statistical p-value of >0.05 would be considered a significant 

result.  All calculations and data analysis were done using MedCalc® Statistical 

Software version 20.023 (MedCalc Software Ltd, Ostend, Belgium). 

 

3. RESULTS 

3.1 Threshold of detection from environmental sampling methods 

Sampling by both the swab and the sponge methods did not yield growth of the 

targeted MDR ESKAPE+C organisms at a dilution of 1x10-8, suggesting that 

concentrations of 1cfu/ml are below the threshold of detection for this method of 
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sampling with these commercial methods.  The bacterial isolates were positive at 

dilutions of 1x10-7 and 1x10-6 for Enterococcus faecium, Pseudomonas aeruginosa 

and Acinetobacter baumannii by the sponge sampling method and were negative at  

1x10-7 dilution when sampled with the swab method, placing the threshold of 

detection for bacterial isolates between 10 and 100 cfu/ml.  The Candida auris isolate 

was only detectable at a dilution of 1x10-5 dilution, suggesting a threshold of 

detection of 1000cfu/ml.  The sampling was positive after growth in BHI enrichment 

broth.  Mixing the isolates did not decrease the threshold of detection of the individual 

organisms.  Spread plate processing for colony counts did not grow any colonies for 

all isolates at the detection threshold.   

3.2 Environmental Sampling 

A total of 115 samples were processed.  Three of these samples were control 

samples, which were all negative for growth.  There was a total of 112 environmental 

samples.  Of the environmental samples, 81 were sponges and 31 were swabs.  

Eight of the environmental samples failed to grow any organisms on aerobic spread 

plates nor from BHI broth.  Therefore, this left 104 samples to evaluate for MDR 

ESKAPE+C organisms.  A further 5 samples had contaminated aerobic spread 

plates, preventing evaluation for environmental bioburden.  This left 99 specimens for 

microbial bioburden evaluation.   

3.2.1 Microbial bioburden 

Of the isolates that were available to assess aerobic spread plate colony counts, 

11/99 (11,1%) had <1 cfu/cm2 and 8/99 (8,1%) were too numerous to count and thus 

unable to calculate colony counts.  Therefore 80/99 (80,8%) were available to assess 

for colony counts.  Of the 8 samples that were too numerous to count, 6 were from 

water sources (basin drain, tap faucet).  One sample was from a composite high-

touch surfaces in TICU cubicle D bed 3. At the time of sampling, dried blood was 

present on one of the surfaces (infusion pump) that made up the composite.  The 

other area sampled that had a colony count too numerous to count was the baby 

weigh station in TICU cubicle D, which had dried clear secretions. 
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Table 3.1 Summary of overall microbial bioburden in the unit 

Included swabs Mean (cfu/cm2) 
Median 

(cfu/cm2) 
Range 

(cfu/cm2) 
Standard 
Deviation  

All Swabs 4,32x104 2,40x10 1 – 2,74x106 ± 3,06x105 

Outliers removed 1,44x102 1,80x10 1 – 2x103 ± 3,92x102 

Outside cubicles 7,5 2,5 1 – 2,50x10 ± 1,10x10 

 

Of the 80 isolates with a colony-forming unit count the mean cfu/cm2 was 4,32x104 

cfu/cm2.  The mean was positively skewed by high colony counts from water sources, 

from which a colony count was possible, and an infusion pump contaminated with 

blood at the time of sampling in TICU, cubicle B, bed 9.  The mean without these 

outlying values was 1,44x102 cfu/cm2.  Areas outside the cubicles (nursing stations, 

pharmacy, main door handle, ultrasound machine) had a lower mean microbial 

bioburden of 7,5 cfu/cm2, with no growth from the pharmacy preparation area nor the 

transfer trolley used to transport medication to the ward. 

 
Table 3.2 Microbial Bioburden in the NICU and TICU (excluding water basins) 

Area Sampled Mean (cfu/cm2) 
Median 

(cfu/cm2) 
Range 

(cfu/cm2) 
Standard 
Deviation  

NICU 8,6 3,5 1 – 4,2x10 ± 1,04x10 

TICU 1,61x103 2,2x10 1 – 3,42x104 ± 5,61x103 

 

The TICU was more crowded than the NICU, with incubators and open cribs closer 

together and more throughput traffic with medical staff and mothers.    The NICU had 

a set number of beds available, as detailed earlier.  The TICU exceeded bed capacity 

in each cubicle.  Cubicle A had 11 patients when designed for 10, cubicle B had 13 

patients when designed for 10, cubicle C had 13 patients when designed for 10 and 

Cubicle D had 10 patients when designed for 8.  The mean microbial bioburden in 

the TICU (minus water basins) was 1,61x103 cfu/cm2 compared to the NICU mean of 

8,6 cfu/cm2.  This difference fell short of statistical significance with a p-value of 0.06. 

Table 3.3 Microbial bioburden in different TICU cubicles (excluding water basins) 

TICU cubical Mean (cfu/cm2) 
Median 

(cfu/cm2) 
Range 

(cfu/cm2) 
Standard 
Deviation  

TICU A 1,17x10 5,5 1 – 8,5x10 ± 2,33x10 

TICU B 4,11x103 2,6x10 2 – 3,42x104 ± 9,92x103 

TICU C 3,78x102 6,4X10 12 – 2,33x103 ± 2,23x102 

TICU D 8,96x102 2,4x10 2 – 8,10x103 ± 2,11x103 

 

The microbial bioburden was not evenly distributed amongst the cubicles in the 

TICU, with higher bioburdens predictably occurring in the most overcrowded cubicles.  



21 
 

TICU cubicles B, C and D all had the mean positively skewed due to samples that 

isolated high microbial bioburden counts.  Both cubicle B and cubicle C had 

equipment contaminated with blood, and cubicle D had a weigh station with a high 

microbial bioburden count.  The TICU isolation cubicle was not assessed for 

descriptive statistics because too few samples were collected from the cubicle (9 

samples, of which 3 were from the water basin) to perform meaningful statistical 

calculations. There was no statistically significant difference between the microbial 

bioburden between different TICU cubicles.  Multiple t-tests were conducted, and all 

returned with a p-value > 0,1. 

The water basins had higher microbial counts than other areas of the NICU and 

TICU.   There was no association between the basin drain, tap faucet, and the tap 

handles microbial bioburden, as shown in the table 3.4 below.    

 
Table 3.4 Microbial bioburden of basin surfaces 

Basin Location Drain microbial 
bioburden cfu/cm2 

Tap faucet microbial 
bioburden cfu/cm2 

Tap handles microbial 
bioburden cfu/cm2 

Entrance TNTC* No Growth No Growth 

NICU cubicle A 7,4x10 2,8x105 1,1x102 

NICU Isolation B 2,9x103 TNTC <1 

NICU Isolation C TNTC Unable to calculate 
(contaminated) 

2,5x10 

NICU cubicle D 5,0x102 8,1x103 <1 

TICU Cubicle A 1,9x102 No Growth 3,5x10 

TICU Cubicle B 2,2x10 TNTC 2,0x102 

TICU Cubicle C 1,2x104 4,8x105 2,8x10 

TICU Cubicle D TNTC 2,7x106 1,9x102 

TICU isolation TNTC No Growth 6,4x10 

* TNTC – Too numerous to count 

 

There were 5 terminally disinfected incubators available for sampling. Two were open 

neonatal incubators, and three were closed incubators. All terminally disinfected 

incubators had a low microbial bioburden of less than 3 cfu/cm2. All the terminally 

disinfected incubators isolated environmental organisms from broth consisting of 

Micrococcus spp, Bacillus spp and coagulase-negative staphylococci.  

3.2.2 Environmental organisms  

Whether an MDR ESKAPE+C organism was isolated or not, all the specimens grew 

environmental organisms. Common environmental organisms isolated included 

coagulase-negative staphylococci, Bacillus spp, and Micrococcus spp. Identification 
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of environmental organisms was based on Gram stain morphology, growth 

characteristics and rapid tests where applicable. 

Although the study primarily focused on identifying ESKAPE+C isolates, other 

environmental organisms were occasionally identified, including potential neonatal 

disease-causing organisms such as Elizabethkingae meningoseptica, Proteus spp 

and CRE Serratia marcescens.  Other environmental organisms isolated included 

Pantoa spp, Sphingomonas paucimobilis, and Delftia acidovorans. None of these 

organisms were isolated in clinical samples collected during the study period. 

3.2.3 ESKAPE + C organisms 

Of the 112 environmental samples processed (115 minus 3 controls), 55/112 (49,1%) 

isolated one or more ESKAPE+C organisms.  Of the 55 samples 49/112 (43,8%) 

isolated a MDR ESKAPE+C. There were no environmental samples that isolated 

Candida auris nor Pseudomonas aeruginosa.   In total, there were 74 ESKAPE 

isolates.  Of these ESKAPE organisms, 22/74 (29.7%) did not show acquired 

antimicrobial resistance, and the remaining 52/74 (70,3%) demonstrated acquired 

drug resistance.  

Of these 74 ESKAPE organisms, 56/74 (75,7%) were isolated from the composite 

sponges of surfaces in close proximity to the neonate.  This pattern of isolation from 

proximity surfaces was also present for MDR ESKAPE organisms.  Of the 52 MDR 

ESKAPE organisms isolated, 36/52 (69,2%) were isolated from samples taken in 

close proximity to the neonate.  The number of isolates per organism is shown in 

table 3.5 

Table 3.5 Number of ESKAPE+C organisms isolated 

ESKAPE isolate No acquired resistance Acquired resistance detected 

Enterococcus spp 21 0 

Staphylococcus aureus 0 5 

Klebsiella pneumoniae 0 7 

Enterobacter spp 1 16 

Acinetobacter baumannii 0 24 

 

The 21 enterococci isolated consisted of 5 Enterococcus faecalis isolates, 15 

Enterococcus faecium isolates and 1 Enterococcus gallinarum isolate. The E. 

faecalis and E. faecium isolates were susceptible to vancomycin with vancomycin 

MICs ranging between 0.5µg/ml to 2µg/ml.  The E gallinarum vancomycin MIC was 
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tested at the 4µg/ml breakpoint.  The E. faecium isolates were resistant to ampicillin, 

whereas the E. faecalis and E. gallinarum were susceptible to ampicillin. 

 
Table 3.6 MDR ESKAPE organism resistance pattern 

ESKAPE isolate Resistance pattern Number of isolates 

Staphylococcus aureus MRSA 5 

Klebsiella pneumoniae 
ESBL 3 

CRE 4 

Enterobacter cloacae 
ESBL 16 

CRE 0 

Acinetobacter baumannii 
MDR 0 

XDR 24 

 

The vancomycin minimum inhibitory concentration (MIC) as determined by Vitek 2 

susceptibility testing was 1µg/ml for three of the five MRSA isolates.  The other 2 

MRSA isolates had results at the lower end of Vitek 2 vancomycin susceptibility 

testing of less than or equal to 0.5µg/ml. 

Table 3.7 CRE Klebsiella pneumoniae antibiotic susceptibility results 

Antibiotic 
MIC 

(µg/ml) 
Interpretation Antibiotic 

MIC 
(µg/ml) 

Interpretation 

Ampicillin N/A  Ertapenem ≥8 R 

Amoxicillin-
Clavulanic acid 

≥32 R Imipenem 8* R 

Piperacillin-
tazobactam 

≥128 R Meropenem ≥16 R 

Cefuroxime ≥64 R Amikacin ≤2 S 

Cefoxitin 8 S Gentamicin ≥16 R 

Cefotaxime ≥64 R Ciprofloxacin 0,5 I 

Ceftazidime ≥64 R Co-trimoxazole ≥320 R 

Cefepime 32 R Tigecycline 2 N/A 

* See text; R -Resistant; S- Susceptible; I – Intermediate; N/A – not available 

 

The 4 CRE Klebsiella pneumoniae isolates were tested for carbapenemase 

production using RESIST-4 O.N.K.V (Coris bioConcept, Gembloux, Belgium) lateral 

flow assay. All 4 were negative for KPC, OXA-48, NDM and VIM carbapenemases, 

for which the assay tests.  The four CRE Klebsiella pneumoniae isolates antibiotic 

susceptibilities are as per table 3.7 except for one isolate with a MIC against 

imipenem that was ≥16µg/ml.  All 4 CRE isolates were resistant to gentamicin, but all 

four tested susceptible to amikacin.  
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Table 3.8 ESBL Klebsiella pneumoniae antibiotic susceptibility results 

Antibiotic 
MIC 

(µg/ml) 
Interpretation Antibiotic 

MIC 
(µg/ml) 

Interpretation 

Ampicillin N/A  Ertapenem ≤0,5 S 

Amoxicillin-
Clavulanic acid 

≥32 R Imipenem ≤0,25 S 

Piperacillin-
tazobactam 

64 I Meropenem ≤0,25 S 

Cefuroxime ≥64 R Amikacin 16 S 

Cefoxitin ≤4 S Gentamicin ≤1 S 

Cefotaxime ≥64 R Ciprofloxacin ≤0,25 S 

Ceftazidime 16 R Co-trimoxazole ≤20 S 

Cefepime 8 SDD Tigecycline ≤0,5 N/A 

* See text; R -Resistant; S- Susceptible; I – Intermediate; SDD – Susceptible Dose Dependant; N/A – 
not available  
 
The three ESBL Klebsiella pneumoniae had identical antibiotic susceptibility profiles. 

Table 3.9 ESBL Enterobacter cloacae antibiotic susceptibility results. 

Antibiotic 
MIC 

(µg/ml) 
Interpretation Antibiotic 

MIC 
(µg/ml) 

Interpretation 

Ampicillin ≥32 N/A Ertapenem ≤0,5 S 

Amoxicillin-
Clavulanic acid 

≥32 R Imipenem ≤0,25 S 

Piperacillin-
tazobactam 

8* S Meropenem ≤0,25 S 

Cefuroxime ≥64 R Amikacin ≤2 S 

Cefoxitin ≥64 R Gentamicin ≥64 R 

Cefotaxime ≥64 R Ciprofloxacin 1 R 

Ceftazidime ≥64 R Co-trimoxazole ≥320 R 

Cefepime 2* S Tigecycline 1 N/A 

* See text; R -Resistant; S- Susceptible; I – Intermediate; SDD – Susceptible Dose Dependant; N/A – 
not available  

 

All the Enterobacter spp isolated were identified as Enterobacter cloacae complex.  

Most of the 16 ESBL Enterobacter cloacae isolates showed the antibiotic 

susceptibility pattern shown in table 3.9 above.  Four of the 16 ESBL Enterobacter 

cloacae isolates had a cefepime MIC of 4µg/ml, interpreted as SDD.  Against 

piperacillin-tazobactam six were intermediate with a MIC of 32-64µg/ml.  

Table 3.10 XDR Acinetobacter baumannii antibiotic susceptibility results 

Antibiotic 
MIC 

(µg/ml) 
Interpretation Antibiotic 

MIC 
(µg/ml) 

Interpretation 

Piperacillin-
tazobactam 

≥128 R Imipenem ≥16 R 

Ceftazidime ≥64 R Meropenem ≥16 R 

Cefepime ≥64 R Gentamicin ≥16* R 

Ciprofloxacin ≥4 R Tigecycline 4 N/A 

* See text; R -Resistant; S- Susceptible; I – Intermediate; N/A – not available  

 

Most of the XDR Acinetobacter baumannii tested with the same results as above 

except for 3 isolates, 2 of which were intermediate (MIC 8µg/ml) for gentamicin, and 
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one was susceptible (MIC <1µg/ml).  Vitek 2 does provide a colistin MIC value, but 

this is not resulted as it is not reliable and can give incorrect results compared to 

colistin broth microdilution.  Manual amikacin antimicrobial susceptibility testing was 

not done. 

3.2.4 Distribution of MDRO isolates 

The distribution of the MDRO isolates in the unit was not equal. There were no 

isolates of Candida auris therefore I will henceforth refer to ESKAPE organisms and 

not ESKAPE+C.  The NICU had 9/52 (17,3%) MDR ESKAPE organisms, with the 

remainder of the isolates being isolated from the TICU.  Within the TICU cubicles, the 

distribution of the different isolates was not uniform, with species clustering in 

different cubicles.   

Of the MDR ESKAPE organisms that were isolated, 36/52 (69,2%) were from high-

touch surfaces in proximity to the neonate.  High-touch surfaces in proximity to the 

neonate included infusion pumps, ventilators, CPAP machines, monitor screens and 

warmers.  The MDR ESKAPE organisms isolated from the environment were XDR 

Acinetobacter baumannii 24/52 (46,2%), ESBL Enterobacter cloacae 16/52 (30,8%), 

CRE and ESBL Klebsiella pneumoniae 7/52 (13,4%) and MRSA  5/52(9,6%).   

Frequently used surfaces or equipment that may act as environmental reservoirs or 

vehicles for the transmission of the MDRO ESKAPE organisms were also sampled.  

The following sampled surfaces yielded one or more MDRO ESKAPE organisms.  

Please see accompanying figure 3.1 (page 27). 

• Glucose meter. There is supposed to be one glucose meter per cubicle in the 

NICU/TICU. That means there are meant to be ten glucose meters. Only one 

glucose meter was in use for the entire unit. from which XDR Acinetobacter 

baumannii was isolated. 

• There were medication stations in each cubicle as described earlier, where 

dilutions and ivi medications could be drawn up. An MDR ESKAPE organism 

was isolated from six out of ten medication stations. 

o NICU A – XDR Acinetobacter baumannii 

o NICU C (isolation) – XDR Acinetobacter baumannii 

o NICU D – XDR Acinetobacter baumannii 

o TICU A – XDR Acinetobacter baumannii 
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o TICU B – ESBL Enterobacter cloacae 

o TICU C – XDR Acinetobacter baumannii 

• Multifunctional trolleys in the TICU cubicles that multiple staff members use 

grew MDR ESKAPE organisms in the following cubicles. 

o TICU B – ESBL Enterobacter cloacae 

o TICU D – XDR Acinetobacter baumannii 

o TICU isolation cubicle (isolation for XDR Acinetobacter baumannii 

infection/colonisation) – Methicillin-resistant Staphylococcus aureus 

• From the neonate weigh station in TICU D, both an ESBL Klebsiella 

pneumoniae and an XDR Acinetobacter baumannii were isolated. 

• The handwash bottle (alcohol plus chlorhexidine) in TICU D grew an ESBL 

Klebsiella pneumoniae and an XDR Acinetobacter baumannii. 

• In addition to the drains of the basins isolating CRE Serratia marcescens, the 

taps of the following basins grew MDR ESKAPE organisms 

o NICU D – XDR Acinetobacter baumannii 

o TICU B – ESBL Enterobacter cloacae 

From the nursing station of the TICU, an ESBL Enterobacter cloacae was isolated. 

 

  



27 
 

Figure 3.1 Spatial distribution of MDR ESKAPE isolates in the neonatal unit 
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3.2.4.1 XDR Acinetobacter baumannii distribution 

XDR Acinetobacter baumannii was distributed throughout the unit in both the NICU 

and the TICU. It was found on high-touch surfaces near the neonates and on 

environmental surfaces that may act as reservoirs for future transmission (medication 

stations, trolleys, basin tap handle). It was isolated from the only glucose meter in the 

unit. 

3.2.4.2 MRSA distribution 

The 5 MRSA isolates were found in two groups on opposite unit ends.  One group 

consisted of 2 isolates were from high-touch areas in TICU A. These two isolates 

were found from beds one patient apart. The second group was isolated from TICU 

isolation (which was being used for Acinetobacter baumannii infected neonates) and 

one isolate from high-touch surfaces in TICU D, which is next to the TICU isolation 

cubicle. 

3.2.4.3 ESBL Enterobacter cloacae 

The ESBL Enterobacter cloacae isolates were clustered in TICU cubicle A and TICU 

cubicle B. The isolates from TICU cubicle A were all isolated from high-touch 

surfaces surrounding beds 4 to 9. In TICU B, Enterobacter cloacae were also 

isolated from high-touch surfaces, the medication table, multifunctional trolley surface 

and the tap handles of the hand wash basin in the cubicle.  A single sample from 

high-touch surfaces in the TICU cubicle C bed also isolated ESBL Enterobacter 

cloacae.  A sample from the nursing station for TICU, an everyday use area for the 

entire TICU, grew an ESBL Enterobacter cloacae. 

3.2.4.4 MDRO Klebsiella pneumoniae 

Three ESBL-producing Klebsiella pneumoniae isolates were grown from 

environmental samples.  All three were found in TICU cubicle D.  One isolate was 

found on high-touch surfaces surrounding bed 2.  The other samples were found on 

the unit’s communal hand wash bottle (alcohol and chlorhexidine-based hand rub) 

and on the weigh station present in the unit.  

Four CRE Klebsiella pneumoniae were isolated.  They were more spread out within 

the unit.  Two were found from high-touch surfaces in TICU cubicle D, from beds 7 

and 8.  One was found in TICU cubicle C from high-touch surfaces of bed 6.  TICU 
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cubicles C and D are adjacent to each other.  One isolate was found on the high-

touch surfaces NICU cubicle C.  This is an isolation unit for the NICU.  The neonate 

in the unit was isolated due to sepsis due to XDR Acinetobacter baumannii. 

3.3 Microbial bioburden and MDRO ESKAPE organisms 

Table 3.11 Microbial bioburden of samples that isolated MDR ESKAPE organisms vs. samples 
that did not isolate MDR ESKAPE organism 

MDRO isolated from 
the sample 

Mean 
(cfu/cm2) 

Median 
(cfu/cm2) 

Range 
(cfu/cm2) 

Standard 
Deviation  

MDRO isolated 1,23x103 1,55x10 1 – 3,42x105 ± 5,43x103 

No MDRO isolated 9,54x104 3,1x10 1 – 2,74x107 ± 4,56x105 

 

The microbiological bioburden aerobic plate count did not predict whether an MDR 

ESKAPE organism was more likely to be isolated after broth enrichment or not.  

Comparing microbial bioburden when an MDR ESKAPE organism was isolated to 

when an MDR ESKAPE organism was not isolated, the p-value of 0,22 was not 

significant.   

Table 3.12 Microbial bioburden stratification and MDRO isolation 

Microbial Bioburden Number of MDRO 
isolated 

Percentage of total 
MDRO isolated 

Percentage of 
samples isolating 

MDRO 

<1 cfu/ml 4 8% 36% (4/11) 

Too numerous to count 3* 6% 25% (2/8)* 

Contaminated count 
plates 

2* 4% 20% (1/5)* 

≤5 cfu/cm2 10 19% 48% (10/21) 

6-10 cfu/cm2 7* 13% 85% (6/7)* 

10-100 cfu/cm2 15 29% 48% (15/31) 

>100 cfu/cm2 11* 21% 40% (10/25)* 

*Number of MDRO isolated does not correlate to the number of samples because some samples grew 
more than one MDRO 

It was not possible to determine an aerobic colony count from 12% (6/52) of the 

samples that isolated a MDR ESKAPE organism.  This was due to 4 samples not 

growing any organisms on the aerobic colony count plates, 2 samples having a 

growth too numerous to count, and 1 sample on contaminated plates.   

3.4 Clinical isolates 

From 5 July 2021 to 30 July 2021, after removal of duplicate specimens, 27 blood 

cultures, each representing first-time isolation of an MDR ESKAPE+C organism in a 

neonate, were identified. Two cerebrospinal fluid isolates were also identified, but 

they were removed as duplicates of blood culture isolates in both cases.  Isolates 

were collected over one month to ensure a sufficient number of isolates were 
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collected and assessed for any changes that may develop over time in the isolates 

on macro-restriction analysis.  Date of isolation and species of MDR ESKAPE+C 

organism are represented graphically in Figure 3.2 and tabulated in Table 3.13 

below. 

Figure 3.2 Line diagram showing date of collection of clinical isolates 

 

Table 3.13 List of MDRO clinical isolates 

Specimen 
number 

Date of 
specimen 
collection 

Organism isolated Area patient 
cared for 

1 08-Jul XDR Acinetobacter baumannii NICU 

2 09-Jul XDR Acinetobacter baumannii TICU 

3 11-Jul XDR Acinetobacter baumannii TICU 

4 11-Jul XDR Acinetobacter baumannii NICU 

5 11-Jul XDR Acinetobacter baumannii TICU 

6 12-Jul ESBL Klebsiella pneumoniae TICU 

7 13-Jul ESBL Klebsiella pneumoniae TICU 

8 14-Jul XDR Acinetobacter baumannii TICU 

9 14-Jul Candida auris TICU 

10 15-Jul XDR Acinetobacter baumannii TICU 

11 15-Jul XDR Acinetobacter baumannii TICU 

12 15-Jul XDR Acinetobacter baumannii TICU 

13 16-Jul XDR Acinetobacter baumannii TICU 

14 17-Jul XDR Acinetobacter baumannii NICU 

15 17-Jul XDR Acinetobacter baumannii TICU 

16 18-Jul XDR Acinetobacter baumannii TICU 

17 18-Jul XDR Acinetobacter baumannii NICU 

18 20-Jul XDR Acinetobacter baumannii NICU 

19 22-Jul MRSA TICU 

20 22-Jul XDR Acinetobacter baumannii TICU 

21 22-Jul XDR Acinetobacter baumannii NICU 

22 23-Jul XDR Acinetobacter baumannii NICU 

23 25-Jul ESBL Klebsiella pneumoniae NICU 

24 26-Jul XDR Acinetobacter baumannii NICU 

25 26-Jul ESBL Klebsiella pneumoniae TICU 

26 27-Jul XDR Acinetobacter baumannii TICU 

27 27-Jul ESBL Klebsiella pneumoniae NICU 

 

5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30 
July 2021 

Date of clinical sample collection 

XDR Acinetobacter baumannii 

ESBL Klebsiella pneumoniae 

Candida auris 

MRSA 
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XDR Acinetobacter baumannii made up most, 20/27 (74% of the clinical isolates.  

There were 5/27 (19%) Klebsiella pneumoniae with ESBL resistance susceptibility 

pattern.  There was one isolate of Candia auris and one methicillin-resistant 

Staphylococcus aureus. 

3.5 Macro restriction analysis 

3.5.1 Methicillin-resistant Staphylococcus aureus 

There was one clinical isolate of MRSA, isolated from a neonatal blood culture in 

TICU and 4 MRSA environmental isolates.  The environmental isolate from the TICU 

D trolley lost viability prior to PFGE and could not be processed for PFGE analysis. 

Table 3.14 List of PFGE isolates for MRSA isolates 

Lane 
number 

Identification 
Date of 

collection 
Location Comments Pulsotype 

L Ladder N/A N/A 
Salmonella 
Braenderup 

H9812 
 

1 Control isolate N/A N/A 
EQA MRSA 
sample from 

CAP 
A 

2 Clinical isolate 22 July 2021 TICU  B1 

3 
Environmental 

isolate 40 
29 July 2021 

TICU isolation – 
composite high-
touch surfaces 

 B2 

4 
Environmental 

isolate 53 
29 July 2021 

TICU A – 
composite high-
touch surfaces 

bed 1 

 C 

5 
Environmental 

isolate 55 
29 July 2021 

TICU A – 
composite high-
touch surfaces 

bed 3 

 D 

6 
Environmental 

isolate 110 
29 July 2021 

TICU D – 
composite high-
touch surfaces 

bed 1 

 C 
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Image 3.1 MRSA PFGE Gel 

 

All the isolates were successfully typed.  The lanes labelled “L” are representative of 

the ladder used.  From the external quality control program of the College of 

American Pathologists, the control isolate in lane 1 showed a fingerprinting pattern 

(>9 bands) different to most of the isolates, indicating that the technique was suitably 

discriminatory.   

Three clusters were identified.  Isolate 1 had pulsotype B1 (clinical isolate) and 

isolate 2 had pulsotype B2 (TICU isolation – composite high-touch surfaces) and had 

one fragment difference between each other, indicating that they are most probably 

related. 
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Isolate 4 (TICU A – composite high-touch surfaces bed 1) and Isolate 6 (TICU D – 

composite high-touch surfaces bed 1 had the same pulsotype – type C and were 

indistinguishable from each other. 

Isolate 5 (TICU A – composite high-touch surfaces bed 3) had a separate pulsotype 

– type D. 

Pulsotypes B, C and D had greater than 7 fragment differences and were not related. 

 

3.5.2 Extended-spectrum beta-lactamase producing Klebsiella pneumoniae 

There were 8 isolates for comparison.  Three environmental isolates from TICU 

cubicle D and 5 clinical isolates. 

Table 3.15 List of PFGE isolates for ESBL Klebsiella pneumoniae 

Lane 
number 

Identification 
Date of 

collection 
Location Comments Pulsotype 

L Ladder N/A N/A 
Salmonella 
Braenderup 

H9812 
 

1 Control isolate N/A N/A 
CMJAH, adult 

ICU  
A 

2 Control isolate N/A N/A 
Edenvale 

Hospital, adult 
ICU 

B 

3 
Environmental 

isolate 100 
29 July 2021 

TICU D- handwash 
bottle 

 C1 

4 
Environmental 

isolate 103 
29 July 2021 

TICU D – 
composite high-
touch surfaces – 

bed 3 

 C1 

5 
Environmental 

isolate 104 
29 July 2021 

TICU D – Weigh 
station 

 C1 

6 Clinical isolate 12 July 2021 TICU  D 

7 Clinical isolate 13 July 2021 TICU  E 

8 Clinical isolate 25 July 2021 NICU  F 

9 Clinical isolate 26 July 2021 TICU  C2 

10 Clinical isolate 27 July 2021 NICU  G 
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Image 3.2 ESBL Klebsiella pneumoniae PFGE gel 

 

All the isolates were successfully typed.  The lanes labelled “L” were representative of 

the ladder used.  The control isolates, lane 1 (from CMJAH adult ICU, stored May 

2021) and lane 2 (from Edenvale Hospital, adult ICU, stored June 2021), showed 

fingerprinting patterns (>9 bands) different to the isolates indicating that the technique 

was suitably discriminatory.   

One cluster was identified.  The three environmental isolates, isolates 3,4 and 5, 

were indistinguishable.  One clinical isolate, isolate 9 had three fragment differences 

from the environmental isolates and is probably related to the environmental isolates.  

The 3 environmental isolates were all isolated from TICU cubicle D and were not 

distributed within the entire unit. 

The rest of the clinical isolates (isolates 6,7,8, and 10) had greater than 7 fragments 

differences from the environmental isolates and each other and were not related. 
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3.5.3 Extensively drug-resistant Acinetobacter baumannii 

Due to the large number of XDR Acinetobacter baumannii isolates from both the 

environmental (n=24) and clinical samples (n=20), a representative sample of 8 

environmental samples and 8 clinical samples were chosen.  It would have been 

ideal to process all the isolates for macro-restriction analysis, but cost constraints and 

availability of the PFGE equipment made this impossible.  The environmental 

samples chosen to be processed were selected to represent each cubicle (n=7), 

representing the spatial distribution of isolates throughout the unit and the isolate 

from the glucose meter (n=1).  The clinical isolates were chosen to be representative 

of the period of collection.  Two environmental isolates stored from a previously 

identified Acinetobacter baumannii outbreak in October 2020 were included to 

evaluate for persistence in the environment. 
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Table 3.16 List of PFGE isolates for XDR Acinetobacter baumannii 

Lane 
number 

Identification 
Date of 

collection 
Location Comments Pulsotype 

L Ladder N/A N/A 
Salmonella 
Braenderup 

H9812 
 

1 Control isolate N/A N/A 
CMJAH, 

Neonatal ICU  
A1 

2 
Environmental 

isolate 14 
N/A Glucose monitor  A2 

3 
Environmental 

isolate 18 
29 July 2021 

NICU 1 – 
composite high-
touch surfaces – 

bed 3 

 B 

4 
Environmental 

isolate 32 
29 July 2021 

NICU isolation 2 – 
medication trolley 

Isolation 
cubicle for A. 

baumannii 
A3 

5 
Environmental 

isolate 40 
29 July 2021 

TICU isolation – 
composite high-
touch surfaces 

bed 1 

Isolation 
cubicle for A. 

baumannii 
A2 

6 
Environmental 

isolate 54 
29 July 2021 

TICU A– 
composite high-
touch surfaces 

bed 2 

 A2 

7 
Environmental 

isolate 74 
29 July 2021 

TICU D– 
composite high-
touch surfaces 

bed 8 

 A4 

8 
Environmental 

isolate 76 
29 July 2021 

TICU B– 
composite high-
touch surfaces 

bed 8 

 A2 

9 
Environmental 

isolate 87 
29 July 2021 

TICU C -
composite high-
touch surfaces 

bed 3 

 A2 

10 Clinical isolate 8 July 2021 NICU  A3 

11 Clinical isolate 11 July 2021 TICU  C 

12 Clinical isolate 15 July 2021 TICU  A5 

13 Clinical isolate 15 July 2021 TICU  A5 

14 Clinical isolate 17 July 2021 TICU  A5 

15 Clinical isolate 18 July 2021 NICU  A3 

16 Clinical isolate 22 July 2021 NICU  A3 

17 Clinical isolate 26 July 2021 NICU  A3 

18 
Environmental 

isolate 
Oct 2020 TICU  D 

19 
Environmental 

isolate 
Oct 2020 TICU  A6 
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Image 3.3 XDR Acinetobacter baumannii PFGE Gel

 

 

All the isolates were successfully typed.  The lanes labelled “L” were representative 

of the ladder used.  The control isolate (CMJAH neonatal ICU clinical isolate) was 

closely related to isolate 2 (differing by 3 fragments), suggesting interhospital 

transfer.  Isolate 3 and 18 showed fingerprinting patterns (>9 bands) different to the 

other isolates indicating that the technique was suitably discriminatory.  The second 

ladder had a fluorescent artefact, but this did not impair the interpretation of the gel. 

One cluster with 6 pulsotypes was found.  Environmental isolates in lanes 2,5,6,8, 

and 9 were indistinguishable from each other and designated pulsotype A2.  They 

were isolated from the glucose monitor and the TICU.  Pulsotype A3 was found in 

environmental isolate lane 4 (NICU isolation 2 – medication trolley) and clinical 

samples 10,15,16,17 from neonates in the NICU.    Only one isolate had pulsotype 

A4 from an environmental sample in TICU cubicle D.  Pulsotype A5 was isolated from 

3 clinical samples in the TICU.  Pulsotype A6 was from an environmental sample 

taken in October 2020 and only differentiated from pulsotype A2 by two fragments.  

Between pulsotype A1 – A6, there were only 3-4 fragment differences, the multiple 
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pulsotypes arising because the fragment differences were in different positions.  With 

these few differences in pulsotypes, A1- A6 are probably to possibly related, forming 

an outbreak cluster.  This shows spatial distribution within the unit (and to other 

referral hospitals) and temporal distribution over the period of blood culture collection 

and back to October 2020, when isolate 19 was sampled in the unit’s environment. 

Isolate 3, an environmental sample from NICU 1 – composite high-touch surfaces – 

bed 3 showed greater than 7 fragment differences being unrelated to cluster A and 

isolate 18 sampled from the environment in October 2020 also had greater than 7 

fragment differences.  There was no relation between isolate 3 and isolate 18.   

 

4. DISCUSSION 

4.1 Limit of detection from environmental sampling methods 

The preliminary evaluation of the sampling method demonstrated that even though 

MDRO organisms can be identified through broth enrichment at concentrations of 10 

to 100 cfu/ml, this did not result in the growth of colonies for counting by the spread 

plate method.  Environmental sampling tends to underestimate the microbiological 

bioburden present on a surface.  This may be due to not removing the organisms 

from the surface when sampling, poor recovery of organisms from the sampling swab 

or sponge into the diluent broth, or not surviving the transport from sampling location 

to the laboratory.  Steps taken to minimise these limitations included: performing 

environmental sampling according to a standardised protocol based on available 

manuals and manufacturer instructions, vortexing the swabs and stomaching the 

sponges to improve recovery of organisms, and prompt transport to the laboratory 

and prompt processing of specimens. 

With the addition of nutrient broth media for growth, organisms present in low 

numbers could be identified and characterised.    The sampling methods applied has 

a higher cfu/ml threshold for identifying Candida auris compared to bacteria. 

Increased growth requirements and time to grow may result in Candida auris being 

outcompeted by bacterial growth for identification.  This occurs even when selective 

media is used to isolate Candida spp.  The method used could identify MDR 

ESKAPE organisms, even in low amounts.  The method most likely under-represents 

the microbial bioburden and may miss Candida spp that may be present on surfaces. 
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4.2 Environmental Sampling 

A composite sponge sample was used to target high-touch surfaces in proximity to 

the neonate.  This composite sampling evaluated for the potential transfer of 

microbes from the neonate to proximal high-touch surfaces and the potential for 

transfer from the surfaces to the neonate.  The composite high-touch surface 

samples represented the majority of MDR ESKAPE organisms isolated, representing 

the potential transfer from and to health care worker hands before the opportunity to 

wash hands after interacting with the neonate and immediate surroundings.  In a 

review of evidence that contaminated surfaces contribute to the transmission of HAI, 

Otter et al demonstrated that microbiological studies, epidemiological studies, 

intervention studies and outbreaks reports show evidence of contaminated surfaces 

contributing to HAI.(14)  Surfaces may remain contaminated, despite multiple 

appropriate rounds of disinfection.(14)  In a study of patient safety related to 

microbiological contamination of the environment, it was demonstrated that although 

the majority of positive environmental samples isolated non-pathogenic 

microorganisms, 20,8% isolated potentially pathogenic microorganisms.(19)   

Microbial bioburden was highest when there was associated water, such as the water 

basins in the unit.  This finding of higher microbial bioburden associated with water 

sourced is congruent with the literature of Walker, Anaissie and Umezawa.(24,26,40)  

This provides a more favourable environment for bacterial growth.  In this study MDR 

ESKAPE+C organisms were not found on sampling the basins, however from 6 

basins CRE Serratia marcescens was isolated.  S. marcescens is a known hospital 

environmental pathogen and the archetypal HAI pathogen.  This organism would be 

challenging to treat with the CRE resistance mechanism, as this S. marcescens is 

intrinsically resistant to colistin.  Colistin is the antibiotic of choice for the treatment of 

multidrug-resistant CRE organisms in the unit.   These CRE Serratia marcescens 

isolates can potentially transfer resistant determinants to other Enterobacterales in 

the unit.  The microbial bioburden of the water basin, taps and faucets was dynamic 

and showed inconsistency of microbial burden on these surfaces. 

Surfaces that were grossly contaminated with blood had a higher microbial burden.  

Organic secretions provide nutrients and a favourable environment for bacteria to 

grow and survive.  Organic secretions decrease the effectiveness of disinfecting 
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solutions.  Prior cleaning is mandatory to ensure subsequent disinfection is 

effective.(13) 

The microbial bioburden was unevenly distributed in the unit, influenced by 

overcrowding in certain areas, staff practices, contamination with biological fluids and 

cleaning practices.  The unit had microbial bioburden values above the tentatively 

suggested cut-off by Dancer of 5 cfu/cm2.(18)  The NICU, with lower patient burden, 

higher staff-to-patient ratios, less staff movement and dedicated equipment to each 

neonate, and a cleaning and decontamination procedure after a patient’s discharge, 

had lower microbial bioburdens, with recorded a mean microbial bioburden of 5,6 

cfu/cm2.  The TICU showed much variation, but only TICU cubicle A showed a 

microbial bioburden less than 100 cfu/cm2.  Areas not involved with direct patient 

care and more distant from the neonates (nursing station, pharmacy preparation 

area) showed a lower microbial bioburden with a mean of 7,5 cfu/cm2.  This may be 

due to increased surface cleaning and disinfection and the distance from the patient 

treatment areas preventing excessive microbial contamination.  The flow of 

medication from the pharmacy area is unidirectional towards the patient only.   

The terminally disinfected incubators that were used for a new admission, had low 

microbial bioburden counts of ≤3 cfu/cm2.  There was no isolation of MDR 

ESKAPE+C organisms from the incubators tested in this study.  The terminally 

disinfected incubators were not shown to harbour any MDR ESKAPE+C organisms. 

ESKAPE organisms were isolated from 49,1% of the environmental samples, of 

which 70,3% of the ESKAPE organisms showed acquired resistance in their 

antimicrobial susceptibility patterns.  There were no isolates of Candida auris nor any 

other Candida spp.  This may be due to the requirement for a higher fungal load to 

identify yeast organisms or suboptimal incubation time to allow the yeast to grow, 

even in nutrient broth and on selective yeast media.  Candida auris has similar 

growth patterns to Candida albicans, reaching stationary phase in 20 hours and 

having a doubling time of 105 minutes in broth culture.(41)  Growth should be visible 

on Sabouraud dextrose agar within 24 hours, depending on inoculum.(41) The high 

bacterial bioburden may outcompete yeast organisms, decreasing potential yield.  

Welsh et al demonstrated a protocol for enhanced isolation of Candida auris using an 

enriched broth consisting of 10% salt Sabouraud dextrose broth.(42)  Candida auris 

can survive in high saline conditions, whereas most other organisms fail to grow.  
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The addition of antibiotics can further reduce bacterial growth.(42) In retrospect it 

would have potentially increased the yield of Candida auris if this protocol was 

incorporated into the specimen processing of this study. 

There were no isolates of Pseudomonas aeruginosa from the environmental 

samples.  Pseudomonas aeruginosa is a known hospital contaminant, particular in 

water sources, and is not a fastidious organism.  It was expected that there would be 

some isolates of Pseudomonas aeruginosa identified.  The lack of identification may 

be due to bacterial overgrowth of competing organisms or Pseudomonas aeruginosa 

present in the environment in form that is not easy to sample.  Pseudomonas 

aeruginosa was specifically sought on selective and differential MacConkey agar.  

The lack of isolation of Pseudomonas aeruginosa does not mean it is not present in 

the environment, as organisms in biofilms are not always isolated using methods 

used during this study 

The lack of isolation of the two target organisms, Pseudomonas aeruginosa and 

Candida auris, may also have been influenced by the unit’s closure for terminal 

environmental decontamination due to an outbreak of Candida auris in the unit, 8 

months prior to sampling. This decontamination may have been effective in clearing 

the unit environment of Candida auris.   It is not possible to determine if these 

organisms were not present in the environment or if the environmental sampling and 

processing were not selective enough to isolate these organisms. 

None of the Enterococcus spp isolated demonstrated vancomycin resistance.  This is 

in keeping with the local epidemiology of low vancomycin resistance rates and the 

absence of VRE clinical infection in the unit (unpublished data, internal NHLS 

laboratory surveillance data 2020-2021).  In contrast, only one Gram negative MDRO 

did not show evidence of resistance, a single Enterobacter cloacae isolate.  This is in 

keeping with high rates of MDRO Gram negative infections in the unit (unpublished 

data, internal NHLS laboratory surveillance data 2020-2021). 

Four carbapenem-resistant Klebsiella pneumoniae were isolated.  All four were 

negative on the lateral flow assay on the RESIST-4 O.N.K.V (Coris bioConcept, 

Gembloux, Belgium). This may represent carbapenem resistance by a mechanism 

not detected by the assay or non-expression of the enzymes for detection.  Testing 

was done from isolates grown on 5% blood agar plates, and microbiological 

identification and susceptibility testing were done on Vitek 2.  Carbapenemases may 
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not have been adequately expressed for their detection without antibiotic exposure to 

induce the carbapenemase enzyme on the 5% blood agar plate.  Comparison with a 

molecular PCR test would have been helpful to resolve this issue but, unfortunately, 

the study was not designed or funded for this extra testing.  Most clinical isolates that 

were carbapenem-resistant tested positive for OXA-48 or NDM carbapenemases.  

MIC results from antibiotic susceptibility testing indicate high-level resistance to most 

antibiotics tested.  The CRE Klebsiella pneumoniae isolates were susceptible to 

amikacin. 

Enterobacter cloacae are known to harbour an inducible chromosomal AmpC beta-

lactamase.  The Enterobacter cloacae isolates met the criteria for ESBL set in this 

study by being resistant to cefotaxime/ceftriaxone and/or ceftazidime. Still, the 

antibiotic susceptibility profile of being ampicillin, co-amoxiclav, first and second-

generation cephalosporin and cefoxitin resistant, while susceptible to cefepime and 

piperacillin-tazobactam, suggests a derepressed AmpC being the mechanism of 

resistance.  Distinguishing between these two mechanisms requires molecular 

testing with either PCR probes, gene amplification and sequencing or line probe 

assays for ESBL or AmpC enzymes/genes, which were not available during the study 

period. 

4.2.1 Distribution of MDRO isolates 

Consistent with the literature, the majority of MDR ESKAPE organisms were found in 

proximity to the neonates on high-touch surfaces. Using whole genome sequencing 

Smibert et al demonstrated that S. aureus  found on surfaces, such as keyboards 

and mobile phones, not in the patients proximity, were not molecularly related to 

clinical isolates from colonised/infected patients.(43) 

 Healthcare worker hands most likely act as the mode of transmission between the 

neonate and the closely located high-touch surfaces.  Healthcare worker hands can 

transfer organisms from colonised/infected neonates to the environment and from the 

environment to the neonate, establishing an infection/colonisation loop.  

Frequently touched equipment in the unit or within a cubicle was colonised with MDR 

ESKAPE organisms.  If not cleaned and disinfected properly, equipment and 

environmental surfaces can act as reservoirs and serve as vehicles for transmitting 

organisms around the ward via healthcare worker hands.  The only glucose meter 
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used throughout the unit was contaminated with XDR Acinetobacter baumannii.  This 

device is taken from neonate to neonate to test for blood sugar levels and comes into 

close, sometimes direct contact with the neonate, acting itself as a vehicle for 

transmitting MDR organisms.  The XDR Acinetobacter baumannii isolate from the 

glucose meter was indistinguishable from 4 environmental isolates of XDR 

Acinetobacter baumannii from the TICU. It was part of the outbreak cluster identified 

on PFGE. 

Other high-touch surfaces that can act as a reservoir or vehicle for transmission 

within the cubicles that demonstrated contamination with MDR ESKAPE organisms 

include the medication station in each cubicle.  XDR Acinetobacter baumannii was 

isolated from the medication stations in NICU cubicles A, C (isolation) and D.  It was 

also isolated from the medication stations in TICU cubicles A and C.  These isolates 

were not included in the PFGE analysis and cannot be determined if they are part of 

the outbreak cluster identified.  The medication station in cubicle B grew an ESBL 

Enterobacter cloacae, which was the predominant MDRO isolated from this cubicle.  

The medication station is where ivi medications are prepared, and if this 

contaminates intravenous medication administered it can act as a very efficient 

transmission route for infection.  The multifunctional trolleys in the TICU cubicles are 

used for various functions, such as note-taking, preparing procedure equipment, and 

placement for milk bottles before individual feeding had MDRO ESKAPE organisms, 

reflecting the dominant organism present in the cubicle.  This is a vehicle for 

colonising healthcare workers’ hands and equipment used for blood sampling, ivi 

cannulation, airway manipulation and feeding.  These surfaces were not observed to 

be cleaned before or after use for new activity and were wheeled in the unit between 

neonates.  The weigh station that was available for sampling in TICU D grew an XDR 

Acinetobacter baumannii and an ESBL Klebsiella pneumoniae. The ESBL Klebsiella 

pneumoniae was part of the ESBL Klebsiella pneumonia environmental cluster that 

was indistinguishable on PFGE. 

Alcoholic hand rub was inadequate in the unit.  There were one or two bottles in each 

cubicle.  There should be a bottle or dispenser at each neonate bed to allow easy 

hand sanitisation before and after contact with the neonate and the surroundings.  

One sanitiser bottle itself in TICU cubicle D was externally contaminated with ESBL 

Klebsiella pneumoniae and XDR Acinetobacter baumannii, acting as a possible 

vehicle for infection/colonisation transmission if hand hygiene is inadequate after 
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handing the bottle (inadequate amount of hand rub used or too short a period of 

application).  The handwash basins were not shown to harbour MDR ESKAPE 

organisms during this study.  The literature states that the aerolisation of water during 

hand washing and basin use can spread HAI pathogens.(24,26)  The basin drains 

grew Serratia marcescens, but there were no clinical samples with this organism 

during the period of collection of clinical samples.  Discussion with the head of the 

units indicated that Serratia marcescens was not a frequently isolated organism from 

clinical specimens in the unit.  There was good awareness that the basins should not 

be used to clean, wash, or dispose of any clinical equipment or patient fluids.   

Acinetobacter baumannii was found throughout the unit.  Acinetobacter baumannii is 

known to be a hospital environmental contaminant, and this finding was not 

unexpected.  During an ICU outbreak of Acinetobacter baumannii in Malaysia, Ng et 

al conducting a point prevalence surveillance investigation of the environment and 

found extensive environmental contamination of the environment.(22)  They found 

that the environmental isolates were genetically related using WGS, however they 

were unable to prove a link between environmental isolates and clinical isolates of 

Acinetobacter baumannii and advised further investigation into the epidemiological 

and clinical risk factors for HAI with Acinetobacter baumannii.(22)  The frequency of 

isolation from the environment increased from the NICU to TICU, where cleaning 

seemed to be less robust, spacing was less between the neonates, and the cubicles 

were more overcrowded.   Enterobacter cloacae and Klebsiella pneumoniae were 

found in specific cubicles.  This may represent contamination of the environment 

from a colonised neonate in those cubicles or the staff allocated to those cubicles.  

Although ESBL Enterobacter cloacae was isolated from the environment in TICU 

cubicles A and B, there were no clinical isolates with this organism during the time of 

the study.  Empiric carbapenem antibiotic therapy, possibly started prior to blood 

culture collection, could lower the blood culture yield of this organism.  Empiric 

carbapenem therapy can result in selection bias for extensively resistant bacteria, as 

these remain the only culturable organisms after the commencement of empiric 

antibiotic treatment. 

Isolation of Enterobacter cloacae on the TICU nursing station may indicate poor hand 

hygiene techniques or the movement of used equipment or milk bottles in this area.  

Patient notes and folders that are stored in the incubator and then taken to the 
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nursing station to make notes may also act as a vehicle for transmission over such a 

large distance.  There were too few isolates of MRSA to comment on unit distribution. 

4.2.2 Microbial bioburden and MDRO ESKAPE organisms 

This study did not show an association between the microbial bioburden and the 

likelihood of isolating a MDR ESKAPE organism.  In this study and this environment, 

high microbial bioburden could not be used as a proxy to suggest further 

investigation or laboratory workup to investigate MDR ESKAPE organisms and a low 

or non-detectable microbial bioburden does not indicate that there are no MDR 

ESKAPE organisms present in the environment.  Walker et al found a poor 

correlation between aerobic colony counts and the isolation of Pseudomonas 

aeruginosa during hospital plumbing sampling.(26)  It is uncertain if certain 

communities of environmental bacteria prevent the establishment of an 

environmental reservoir of HAI organisms by outcompeting them for resources.  

Twelve percent (6/52) of the aerobic colony counts from which a MDR ESKAPE 

organism was isolated were not available to be assessed, reducing the ability to 

evaluate for an association between microbial bioburden and the isolation of MDR 

ESKAPE organisms. 

 

4.3 Macro-restriction analysis 

4.3.1 Methicillin-resistant Staphylococcus aureus 

MRSA from a blood culture is probably related to the environmental isolate of MRSA 

isolated from the TICU isolation room, as indicated by a single fragment difference on 

PFGE.  The blood culture did not state which cubicle in TICU the neonate was in, 

and one cannot say whether these isolates were from the same cubicle, even if it 

seems likely.   There were seven days between the collection of the clinical sample 

and environmental sampling.  This may represent the environmental persistence of 

the MRSA isolate in the environment after contamination from the infant.  There is no 

relation between the clinical isolate and the 3 other environmental isolates of MRSA.  

The two environmental MRSA isolates (isolates 4 and 5) from TICU cubicle A were 

not related to each other, even though they were isolated one bed apart.  Isolate 4 

from TICU cubicle A and Isolate 6 from TICU cubicle D are indistinguishable from 

each other, despite being isolated from essentially opposite ends of the unit.  This 
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suggests transmission via a health care worker over this long distance, and 

inadequate hand hygiene or transfer of a colonised infant from cubicle A (high care) 

to cubicle D (step down care).  There is insufficient data to implicate the environment 

in the transmission of MRSA hospital-acquired infection in this study, but the 

literature has demonstrated this phenomenon.(44,45) 

4.3.2 Extended-spectrum beta-lactamase producing Klebsiella pneumoniae 

The three environmental samples from TICU cubicle D were indistinguishable from 

each other and likely represented local contamination.   Of the 5 clinical isolates, only 

one was probably related to the environmental cluster with only 3 fragment 

differences from the environmental isolates.  This clinical isolate was sampled from 

an infant in the TICU (cubicle not recorded) 3 days before the environmental 

sampling occurred.  The other clinical isolates were not related to the environmental 

cluster based on the PFGE performed and were not related to each other.  The 

clinical isolates were spread throughout the unit and over the time frame that clinical 

isolates were collected.  The non-relatedness of the clinical isolates may be 

representative of acquiring infection before arrival in the NICU/TICU unit, possibly 

representative of colonising bacteria from the mother during childbirth or from the 

labour ward at the time of delivery.  During the period of collection of clinical and 

environmental samples, this study demonstrated minimal evidence for ESBL 

Klebsiella pneumoniae in the environment acting as a reservoir/source of infection of 

neonates within the unit.   

4.3.3 Extensively drug-resistant Acinetobacter baumannii 

Seven of the 8 environmental isolates and 7 of the clinical isolates were shown to be 

part of the same outbreak cluster.  There were 6 pulsotypes identified within this 

cluster.  Each pulsotype of the outbreak cluster was spatially distributed in the unit.  

Pulsotype A2 was isolated from environmental samples in TICU, identified in four of 

the five cubicles of the TICU, cubicle A, cubicle B, cubicle C and the isolation cubicle.  

This pulsotype was also isolated from the only glucose monitor in the combined 

NICU/TICU unit.   

The 3 clinical blood culture isolates from patients in TICU, sampled from15-17 July 

2021, were all pulsotype A5, which differed from pulsotype A2 by 2 fragments, 
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indicating probable relation and persistence in the outbreak strain from the clinical 

sample to the environment over 10 days.   

Pulsotype A3 was isolated from the NICU environment, from isolation cubicle 2 on 

the medication trolley and all the blood culture isolates (n=4) that were taken from 

neonates in the NICU.  The NICU blood culture isolates were taken over a date 

range from 8 July to 22 July, indicating possible persistence in the unit over this 

period.   

The outbreak cluster showed environmental persistence over at least 8 months.  As 

demonstrated by the environmental isolate from Oct 2020 (from previous 

environmental sampling during an outbreak) with pulsotype A6, also being part of the 

outbreak cluster.  Acinetobacter baumannii may persist in the environment over time 

and still cause infective outbreaks.  The control sample used was isolated from a 

clinical sample from a neonate in a neonatal unit located in a different hospital in the 

same province.  It was an unexpected result that it had a pulsotype (pulsotype A1) 

probably related to the outbreak strain.  This most likely demonstrates inter-facility 

spread.  These different hospital neonatal units often transfer patients between each 

other depending on the clinical needs and services offered at the respective units.  

Baang et al demonstrated environmental persistence of an Acinetobacter baumannii 

outbreak strain in the hospital environment over three years, despite aggressive 

infection control procedures.(46)  The geographical clustering between two closely 

interlinked hospitals is unsurprising as Hamidian and Negro have demonstrated the 

global distribution of Acinetobacter baumannii sequence type (ST) 1 and ST2 based 

on multi-locus sequence typing (MLST) v2.16.1 

(https://github.com/tseemann/abricate).(47)  They analysed 3575 sequenced 

Acinetobacter baumannii genomes downloaded from the GenBank database and 

found that globally 66% of sequenced clinical isolates were in ST1 and ST2, with 

59% being ST2.  The majority of sequenced genomes came from the USA, China, 

Thailand, Australia and Pakistan, but did include genomes from all over the world. 

(46)  This demonstrates outbreaks occurring due to two global clones.  PFGE is more 

discriminatory than MLST, but evaluation by WGS would provide more discrete 

discrimination of the clones.  PCR and sequencing or WGS were not performed as 

this was not within the scope of the study and would not have been affordable due to 

funding constraints.  

https://github.com/tseemann/abricate
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Different pulsotypes (A1-A6) were identified within the XDR Acinetobacter baumannii 

outbreak cluster.  PFGE allows for the identification of pulsotype variation within the 

different areas of the unit.  Pulsotypes A2, A4 and A5 were only isolated from the 

TICU.  Pulsotype A2 (n=5) and A4 (n=1) were isolated from the TICU environment A5 

(n=3) from clinical isolates originating from the TICU.  Pulsotype A3 (n=5) was 

identified from clinical and environmental isolates from the NICU.  Localising of 

different pulsotypes to different areas of the unit may be due to the relative 

separation of staff between the NICU section and the TICU section.  This may also 

be biased due to sampling the environment once, providing a static representation of 

the environmental XDR Acinetobacter baumannii distribution.  Repeat sampling of 

the environment would provide further information on the dynamics of environmental 

pulsotypes.  Performing PFGE only on a representative selection of the large number 

of XDR Acinetobacter baumannii isolates available limited the information obtainable 

from the macro-restriction analysis.  There is evidence of Acinetobacter baumannii 

strains not related to the outbreak strain in the environment, as evidenced by the 

isolation of unrelated pulsotypes, pulsotype B from an environmental sample and 

pulsotype C from a clinical sample from a neonate from the NICU.   

 

4.4 Limitations 

Limitations identified in this study are: 

• Single time point sampling of the environment provides a single snapshot of the 

organisms present in the environment and limits the evaluation of temporal 

evolution of environmental organisms. 

• Performing environmental sampling at the end of the collection period of the 

clinical samples, instead of at the mid-way point, may have influenced findings 

of clonal transmission of environmental bacterial isolates and clinical isolates. 

• Performing environmental sampling during the second wave of the COVID-19 

outbreak may have influenced findings.  Increased infection prevention control 

measures were instituted at the hospital and unit entrance.  The staffing and 

maternal movement were changed.  There were fewer people (mothers and 

family) allowed in the unit. Health care workers may have had enhanced hand 

hygiene adherence, lowering spread via health care worker hands. 
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Alternatively, COVID 19 may have resulted in health care worker absenteeism 

or redeployment, exacerbating poor staff-patient ratios. 

• Enrichment by nutrient broth for the growth and processing of stressed and 

MDR ESKAPE organisms present in low numbers precludes the possibility of 

MDR ESKAPE quantification. 

• Lack of information about the specific cubicle neonates were in at the time of 

blood culture collection limits correlation with the environmental isolates in 

specific cubicles.  

• Lack of monitoring for colonisation in the unit prevents assessing colonised 

infants as a source of MDR organisms. 

• Lack of funding prevented accessing newer whole genome sequencing that 

provides more discriminatory ability than PFGE. 
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5. CONCLUSION 

Microbiological cleanliness of the hospital environment is an important and often 

underappreciated factor in preventing HAI.  Environmental sampling can provide 

valuable information about the environmental bioburden composition and the 

distribution of organisms. 

The study determined the microbial bioburden and distribution of MDR ESKAPE 

organisms in the unit.  The majority of MDR ESKAPE organisms were isolated from 

high-touch surfaces.    This study did not demonstrate a correlation between the level 

of the environmental microbial bioburden in cfu/cm2 and the isolation of MDR ESKAPE 

organisms.    

The association of MDR ESKAPE pathogens in clinical samples and environmental 

samples related by macro-restriction analysis underscores the importance of the 

environment in the acquisition of HAI.  Temporal persistence demonstrated by macro-

restriction analysis of Acinetobacter baumannii isolates suggests the environment may 

act as a reservoir for HAI organisms.   

In the context of persistent infection within the neonatal unit with MDRO ESKAPE 

organisms, these findings emphasise the importance of infection prevention and 

control practices and interventions aimed at environmental cleanliness and 

disinfection.  These interventions should be continuously emphasised and targeted as 

the need arises. 

  



51 
 

6. APPENDICES 

Appendix 1 – Ethics clearance letter 
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Appendix 2 Environmental Sampling Taking Log 

Date:_____________________________________________________ 

Sampler:___________________________________________________ 

SAMPLE 

METHOD 

AREA CUBICLE SITE SAMPLED SAMPLE 

EPISODE 

DATE 

PROCESSED 
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Appendix 3 – Quality control template and expected outcomes 

Catalase                    Exp Date: Reaction 

Staphylococcus aureus ATCC2593 Positive - bubbles seen 

Enterococcus faecalis ATCC 29212 Negative - No bubbles 

Oxidase                     Exp Date: Reaction 

Pseudomonas aeruginosa ATCC27853 Positive - Blue/Purple colour in 10 seconds 

Escherichia coli ATCC 25922 Negative - No colour change 

Rapid Indole             Exp Date: Reaction 

Escherichia coli ATCC 25922 Positive - Green colour in 30 seconds 

Pseudomonas aeruginosa ATCC27853 Negative - pink colour 

Staphurex             Exp Date: Reaction 

Batch Number:  

Staphylococcus aureus ATCC2593 Positive - Agglutination 

Staphylococcus epidermidis ATCC12228 Negative - No Agglutination 

Latex Control Agglutination 

PYR          Exp Date: Reaction 

Batch Number:  

Escherichia coli ATCC 25922 Negative - No reaction 

Enterococcus faecalis ATCC 25923 Positive – Pink colour in 1 minute 

Colourex Staph           Exp Date: Reaction 

Batch Number:  

Staphylococcus aureus ATCC2593 Growth good to excellent, lilac-coloured 
colonies 

Escherichia coli ATCC 25922 No Growth 

Staphylococcus epidermidis ATCC12228 No growth to fair growth; green to blue 
colonies 

Uninoculated Yellowish to light brownish, opaque 

MacConkey Agar           Exp Date: Reaction 

Batch Number:  

Staphylococcus aureus ATCC2593 Inhibition, partial to complete 

Proteus mirabilis ATCC1253 Growth, colourless colonies, no swarming 

Escherichia coli ATCC 25922 Growth, pink colonies, +- bile precipitant 

Enterococcus faecalis ATCC 25923 Inhibition, partial to complete 

Uninoculated Light Pink, translucent 

CNA Agar           Exp Date: Reaction 

Batch Number:  

Staphylococcus aureus ATCC2593 Good to excellent growth, may be beta-
haemolytic 

Escherichia coli ATCC 25922 Inhibition partial to complete 

Streptococcus pyogenes ATCC 19615 Good to excellent growth, beta haemolysis 

Enterococcus faecalis ATCC 25923 Good to excellent growth, variable haemolysis 

Uninoculated Reb (blood) colour 

Sabouraud Detrose Agar           Exp Date: Reaction 

Batch Number:  

Candida albicans ATCC 10231 Growth, Creamy white colonies 

Uninoculated Straw coloured 
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Appendix 4 - Standard operating procedure – Pulsed-field 
electrophoresis for MRSA 

Macro-restriction analysis of Staphylococci for epidemiological analysis 
Purpose 
The purpose of this method is to determine the degree of relatedness (if any) between 
Staphylococci isolates for epidemiological analyses. 
Principle 
Single colonies from blood agar plates are inoculated into BHI broth and incubated 
overnight at 36 ̊C. DNA is then extracted within agarose blocks and subsequently 
macro-restricted using SmaI restriction enzyme. Fragments are separated through 
pulsed-field gel electrophoresis (PFGE) and relatedness established by comparing the 
number of band differences. 
Method 
The method is based in principle on that published by McDougal et al. (2003). The 
protocols have been optimised using the Bio-Rad Chef DRII and DRIII system. 
Equipment 

• 36 ̊C incubator 

• Spectrophotometer (600nm) 

• Benchtop centrifuge 

• 37 ̊C heating block 

• 50 ̊C water bath 

• 56 ̊C shaking incubator 

• Bio-Rad DRIII system 

• Bio-Rad agarose block molds 

• Bio-Rad Gel Doc 

• Microwave 

• Shaker 

• 1000μl, 100μl and 10μl pipette 

• Timer 

• cuvettes 
Reagents required 

• DNA isolation: 
o EET buffer: 100 mM EDTA, 10 mM Tris-HCl pH 8 
o PFGE storage buffer: 10mM EDTA, 10mM Tris-HCl pH 8.0 
o 5 mg/ml lysostaphin 
o 20 mg/ml proteinase K (prepare aliquots and store at -20°C) 
o 10% SDS 

• Digestion with restriction enzyme: 
o SmaI restriction endonuclease 
o XbaI restriction endonuclease for ladder 

• 400 mM PMSF (made up in ethanol), stored at -20 C 

• PFGE storage buffer: 10 mM EDTA, 10 mM Tris-HCl pH 8.0 (500ml) 

• 10 mM Tris-HCl pH 8.0 (500ml) 

• Pulsed-field gel electrophoresis: 

• 0.5X TBE buffer: 45mM Tris-Borate, pH 8.0; 1mM EDTA (200ml 10X TBE in 4 
o liters) 

• Ethidium Bromide (10mg/ml) 
 
 
DNA isolation 
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Extraction of DNA is carried out within agarose blocks to prevent shearing of DNA. 
Subculture a single colony from the blood agar plate into a BHI broth. Subculture a 
single colony of Salmonella ser. Braenderup H9812 into BHI broth. Incubate overnight 
at 36C +-1C.  NOTE: Cell suspension and casting of the plugs should be performed 
as rapidly as possible in order to minimize premature cell lysis. If large numbers of 
samples are being prepared, it is recommended that they be processed in batches of 
10 samples at a time. Once the first batch of isolates are in the cell lysis incubation, 
then start preparing the cells suspensions the next group samples, and so on. All 
batches can be lysed and washed together, since additional lysis time will not affect 
the initial batches 

• Aliquot 1.9 ml into 2ml eppendorf tube and centrifuge at 8000 rpm for 2 min. 

• Remove supernatant and resuspend in 500 mcl EET buffer. 

• Warm to 37C in heating block. 

• Add 500mcl 1.5% agarose in EET buffer (0.3g in 20ml), melted and cooled to 
approximately 50C. 

• Mix quickly and pour into Block moulds (supplied by Bio-Rad). 

• Allow to set for 15 min. 

• Press out blocks into 2ml eppendorf tube. 

• Calculate amount of EET buffer needed for number of tubes used (2 ml per tube). 

• Add 4 mcl lysostaphin per 2 ml EET buffer. 

• Add 2 ml EET containing 5 mcg/ml lysostaphin to each tube. 

• Incubate at 30C for 5 hours with gentle shaking. 

• Calculate amount of EET buffer needed for number of tubes used. 

• Add 100 mcl Proteinase K and 200mcl 10% SDS per 2 ml EET buffer. 

• Replace EET buffer containing lysostaphin with 2 ml EET buffer containing 
proteinase K and incubate overnight at 37C with gentle shaking. 

• Replace EET buffer with PFGE storage buffer and store at 2-8C. 
Digestion of DNA with restriction endonucleases 

• Cut agarose block containing DNA to a volume of 30 l (one third) and place in 2ml 
Eppendorf tube. 

• Wash block twice in 2ml storage buffer containing 1mM PMSF for 40 min at room 
temperature each time (add 25 mcl 400mM PMSF to 10 ml storage buffer). 

• Wash block 3 times in 2ml 10 mM Tris buffer, pH 8 for 20 min at room temperature. 

• Remove excess liquid and add 70 mcl solution containing 10 mcl 10X reaction 
buffer, 10 mcl 0.01% BSA, and 30 units SmaI restriction endonuclease (3 mcl of 10 
U/mcl stock, 0.3 U/ mc final concentration). 

• Incubate for 2 hours at 30C. 

• Perform PFGE immediately after digestion. 
PFGE 

• Pour 1% Pulse field certified agarose gel using TBE buffer. For a standard sized 
gel use 1g agarose in100 ml of TBE buffer. If more than 20 wells are needed, use 
a large gel. For large gels, use 1.6g in 160ml of TBE buffer. 

• Allow to set for 1 hour. 

• Pour 2l TBE buffer into electrophoresis chamber and switch on peristaltic pump 
followed by the cooling unit set to 14C, at least 1 hour before digest is complete. 

• Allow buffer to reach 14C.  

• Insert agarose blocks into wells in the gel. 

• Fix blocks in place using molten 1% agarose. 

• Place gel in electrophoresis chamber. 
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• Set current-switching parameters of apparatus for optimal separation of DNA 
fragments. 

• The parameters for Staphylococci digested with SmaI have been optimised at: 
6V/cm; 20 hours running time; 5 sec initial switch time; 50 sec final switch time. 

• Operate the Chef DRII electrophoresis apparatus according to SOP NJHF0093. 

• Remove gel from apparatus and stain in water containing 0.5mcg/ml ethidium 
bromide for 30 min 

• Destain in water for 20 min. 

• View using a UV transilluminator. 

• Capture the image on the gel doc system (SOP NJHF0093). 
Interpretation of results 
Results are interpreted according to Tenover criteria.  Briefly, the banding patterns of 
isolates are compared, and the number of band differences counted. The number of 
band differences is used to indicate whether isolates are related and to what degree 
they are related. 
Controls 
Reference strains should be included to verify the discriminatory power of the 
technique. i.e., Reference strains, where possible, or epidemiologically unrelated 
strains, would be expected to have different patterns to the isolates under investigation. 
If this is not the case the discriminatory power of the technique should be questioned. 
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Appendix 5 – Standard operating procedure – Pulsed-field 
electrophoresis for Enterobacterales 

Macro-restriction analysis of Gram-negative Enterobacteraciae organisms for 
epidemiological analysis 
Purpose 
The purpose of this method is to determine the degree of relatedness (if any) between 
Gram-negative organisms for epidemiological analyses. 
Principle 
Single colonies from blood agar plates are inoculated into BHI broth and incubated 
overnight at 36 ̊C. DNA is then extracted within agarose blocks and subsequently 
macro-restricted using XbaI restriction enzyme. Fragments are separated through 
pulsed-field gel electrophoresis (PFGE) and relatedness established by comparing the 
number of band differences. The following protocols have been optimised for 
Enterobacter cloacae, Serratia odorifera, P.aeruginosa and K. pneumoniae. Use of 
different organisms will require individual optimisation by trial and error. 
Method 
The protocols have been optimised using the Bio-Rad Chef DRIII systems. This 
method is based in principle on the reference by Gautom (1997) with some 
modifications. 
Equipment 

• 36 ̊C incubator 

• Spectrophotometer (600nm) 

• Benchtop centrifuge 

• 37 ̊C heating block 

• 50 ̊C water bath 

• 56 ̊C shaking incubator 

• Bio-Rad DRIII system 

• Bio-Rad agarose block molds 

• Bio-Rad Gel Doc 

• Microwave 

• Shaker 

• 1000μl, 100μl and 10μl pipette 

• Timer 

• cuvettes 
Reagents required 

• DNA isolation: 
o PFGE lysis buffer: 0.1M EDTA, 10 mM Tris-HCl pH 8.0, 1% sarcosyl 
o 20 mg/ml proteinase K 
o TE buffer: 1mM EDTA, 10mM Tris-HCl pH 8.0 
o PFGE storage buffer: 10mM EDTA, 10mM Tris-HCl pH 8.0 

• Digestion with restriction enzyme: 
o XbaI restriction endonuclease 
o 400 mM PMSF (made up in ethanol), stored at –20C 
o PFGE storage buffer: 10 mM EDTA, 10 mM Tris-HCl pH 8.0 
o 10 mM Tris-HCl pH 8.0 

• Pulsed-field gel electrophoresis: 
o 0.5X TBE buffer: 45mM Tris-Borate, pH 8.0; 1mM EDTA 

DNA isolation 
Extraction of DNA is carried out within agarose blocks to prevent shearing of DNA. 
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Subculture a single colony from a blood agar plate into a BHI broth. Incubate overnight 
at 36C. 
NOTE: Cell suspension and casting of the plugs should be performed as rapidly as 
possible in order to minimize premature cell lysis. If large numbers of samples are 
being prepared, it is recommended that they be processed in batches of around 10 
samples at a time. Once the first batch of isolates are in the cell lysis incubation, then 
start preparing the cells suspensions the next group samples, and so on. All batches 
can be lysed and washed together, since additional lysis time will not affect the initial 
batches Measure the OD at 600nm.  

• Normalise the samples, by aliquoting that volume of sample that would expect to 
give an OD 0f 0.9, into a 2ml microfuge tube 

• Centrifuge at 10 000rpm for 2 min. 

• Remove supernatant and resuspend the pellet in 500 mcll TE buffer. 

• Warm tubes to 37 in a heating block. 

• Add 500mcl 1.5% agarose in TE buffer, melted and cooled to approximately 50C 
in a water bath. 

• Mix quickly and pipette into block molds (supplied by Bio-Rad). 

• Allow to set for 15 min. 

• Press out blocks into 10 or 15ml centrifuge tube. 

• Calculate amount of PFGE lysis buffer needed for number of tubes used. 

• Add 60 mcl of 20 mg/ml Proteinase K per 6 ml PFGE lysis buffer. 

• Add 6 ml PFGE lysis buffer to each tube. 

• Incubate for 5 hours at 36C with gentle shaking. 

• Replace lysis buffer with 6 ml fresh PFGE lysis buffer (with proteinase K added) 
and incubate overnight at 50C. 

• Transfer blocks to 2 ml microfuge tube, add 2 ml PFGE storage buffer and store at 
2-8C. 

Digestion of DNA with restriction endonucleases 

• Cut agarose block containing DNA to a volume of 30 mcl (one third) and place in 
2ml microfuge tube. 

• Wash block twice in 2 ml storage buffer containing 1 mM PMSF for 40 min at room 
temperature each time (add 5mcll of 400mM PMSF to 2 ml storage buffer). 

• Wash block 3 times in 2 ml 10 mM Tris buffer, pH 8 for 20 min at room temperature. 

• Remove excess liquid and add 70 mcl mixture containing 10 mcll 10X reaction 
buffer, 10 mcll 0.01% BSA, and 30 units XbaI restriction endonuclease  

• Incubate for recommended time for Klebsiella pneumoniae for 3 hours 
PFGE 

• Pour 1% Pulse field certified agarose gel using TBE buffer. For a standard sized 
gel use 1g agarose in100 ml of TBE buffer. If more than 20 wells are needed, use 
a large gel. For large gels, use 1.6g in 160ml of TBE buffer. 

• Allow to set for 1 hour. 

• Pour 2l TBE buffer into electrophoresis chamber and switch on peristaltic pump 
followed by the cooling unit set to 14C, at least 1 hour before digest is complete. 

• Allow buffer to reach 14C.  

• Insert agarose blocks into wells in the gel. 

• Fix blocks in place using molten 1% agarose. 

• Place gel in electrophoresis chamber. 

• Set current-switching parameters of apparatus for optimal separation of DNA for 
Klebsiella pneumoniae 6V/cm; 18 hours running time; 5 sec initial switch time; 50 
sec final switch time. 
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• Operate the Chef DRII electrophoresis apparatus according to SOP NJHF0093. 

• Remove gel from apparatus and stain in water containing 0.5mcg/ml ethidium 
bromide for 30 min 

• Destain in water for 20 min. 

• View using a UV transilluminator. 

• Capture the image on the gel doc system (SOP NJHF0093). 
Interpretation of results 
Results are interpreted according to Tenover criteria.  Briefly, the banding patterns of 
isolates are compared, and the number of band differences counted. The number of 
band differences is used to indicate whether isolates are related and to what degree 
they are related. 
Controls 
Reference strains should be included to verify the discriminatory power of the 
technique. i.e., Reference strains, where possible, or epidemiologically unrelated 
strains, would be expected to have different patterns to the isolates under investigation. 
If this is not the case the discriminatory power of the technique should be questioned. 
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Appendix 6 – Standard operating procedure – Pulsed-field 
electrophoresis for Acinetobacter baumannii 

Macro-restriction analysis of Acinetobacter baumannii for epidemiological 
analysis 
Purpose 
The purpose of this method is to determine the degree of relatedness (if any) between 
clinical Acinetobacter baumannii isolates for epidemiological analyses. 
Principle 
Single colonies from blood agar plates are inoculated into BHI or tryptic soy broth and 
incubated overnight at 36 ̊C. DNA is then extracted within agarose blocks and 
subsequently macro-restricted using ApaI restriction enzyme. Fragments are 
separated through pulsed-field gel electrophoresis (PFGE) and relatedness 
established by comparing the number of band differences. 
Method 
The protocols have been optimised using the Bio-Rad DRIII systems. The method 
used is adapted from those by Seifert et al. (1994) and Sader et al. (1996). 
Equipment 

• 36 ̊C incubator 

• Spectrophotometer (600nm) 

• Benchtop centrifuge 

• 37 ̊C heating block 

• 50 ̊C water bath 

• 56 ̊C shaking incubator 

• Bio-Rad DRIII system 

• Bio-Rad agarose block molds 

• Bio-Rad Gel Doc 

• Microwave 

• Shaker 

• 1000μl, 100μl and 10μl pipette 

• Timer 

• cuvettes 
Reagents required 

• DNA isolation: 

• SE buffer: 75mM NaCl-25mM EDTA, pH 7.4 (500ml) 

• Lysis buffer: 50mM Tris-50mM EDTA (pH 8.0) containing 1% N-lauryl sarcosine  

• 20 mg/ml proteinase K (prepare aliquots and store in -20°C) 

• PFGE storage buffer: 10mM EDTA, 10mM Tris-HCl pH 8.0 (500ml) 

• Salmonella ser. Braenderup H9812 culture standards for ladder 

• PFGE agarose 

• Digestion using restriction enzymes: 
o ApaI restriction enzyme 
o XbaI restriction enzyme for ladder 
o 400 mM PMSF (made up in ethanol), stored at -20C 
o PFGE storage buffer: 10 mM EDTA, 10 mM Tris-HCl pH 8.0 
o 10 mM Tris-HCl pH 8.0 (500ml) 

• Pulsed-field gel electrophoresis: 
o 0.5X TBE buffer: 45mM Tris-Borate, pH 8.0; 1mM EDTA pH 8.0 (200ml 10 

XTBE in 4L) 
o PFGE agarose 
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o 10mg/mg Ethidium Bromide 
DNA isolation 
Extraction of DNA is carried out within agarose blocks to prevent shearing of DNA. 
Subculture a single colony from the blood agar plate into a BHI or tryptic soy broth. 
 Incubate overnight at 36C 

• Turn on Heating block (37°C ± 0.5°C), Shaker incubator (56°C ± 1°C), Water baths 
(60°C) and Spectrophotometer @ 600nm. 

• Thaw proteinase K aliquots 

• Normalise the amount of bacteria used per block by measuring the optical density 
at 600nm. 

• Aliquot that amount of culture that corresponds to an OD of 1 into a 2ml eppendorf 
tube and centrifuge at 8 000 rpm for 2 min on a benchtop centrifuge. 

• Remove the supernatant and resuspend in 500mcl SE buffer. Do not vortex 

• Warm to 37C in heating block. 

• Add 500mcll 2% PFGE agarose in SE buffer (2g in 100ml), melted and cooled to 
approximately 60C in the water bath. 

• Mix quickly and pipette into Block molds (supplied by Bio-Rad). Over-pipetting can 
cause DNA shearing. Do not allow bubbles to form. 

• Allow to set for 15 min. 

• Trim excess agarose from top of plugs with scalpel, razor blade or similar 
instrument. Press out blocks into 15ml disposable tube. 

• Calculate amount of lysis buffer needed for number of tubes used (5ml per tube). 

• Add 250mcl 20mg/ml proteinase K per 5 ml lysis buffer. 

• Add 5 ml lysis buffer containing the 1mg/ml proteinase K to each tube. 

• Incubate at 56C for 18 hours in shaking incubator at ± 100rpm. 

• Replace lysis buffer with 2ml PFGE storage buffer and store at 2-8 C for up to 1 
year. 

Digestion of DNA with restriction endonucleases 
Prepare the following: 

o Thaw 10X buffers for ApaI and XbaI, BSA 10mg/ml, and PMSF aliquots 
o Keep vial of restriction enzyme on ice or in insulated storage box (-20°C) at 

all times. 
o Switch on 37 C incubator 

• Cut agarose block containing DNA to a volume of 30 l (one third or 2-2.5mm thick 
slice) and place in 2ml eppendorf tube. 

• Cut 2.0-2.5mm wide slices of the appropriate number of S. ser. Braenderup H9812 
Standard DNA ladder (3 for 10 well gel; 4 for 15 well gel), with a single edge scalpel 
blade 

• Wash block twice in 2 ml storage buffer containing 1 mM PMSF for 40 min at room 
temperature each time (add 25 mcl 400mM PMSF to 10 ml storage buffer). 

• Wash block 3 times in 2 ml 10 mM Tris buffer, pH 8 for 20 min at room temperature. 

• Be careful not to damage the plug slice with pipette. 

• Prepare a separate master mix for the samples and the ladder 
For Samples: 

• Remove excess liquid and add 70 mcl solution containing 10 mcl 10X reaction 
buffer, 10 mcl 0.1% BSA, and 20 units ApaI restriction endonuclease (0.2 U/mcl 
final concentration). Be sure the plug slices are covered by the solution 

• Incubate for 4 hours at 37C. 

• Perform PFGE after digestion 
PFGE 
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• Pour 1% Pulse field certified agarose gel using TBE buffer. For a standard sized 
gel use 1g agarose in100 ml of TBE buffer. If more than 20 wells are needed, use 
a large gel. For large gels, use 1.6g in 160ml of TBE buffer. 

• Allow to set for 1 hour. 

• Pour 2l TBE buffer into electrophoresis chamber and switch on peristaltic pump 
followed by the cooling unit set to 14C, at least 1 hour before digest is complete. 

• Allow buffer to reach 14C.  

• Insert agarose blocks into wells in the gel. 

• Fix blocks in place using molten 1% agarose. 

• Place gel in electrophoresis chamber. 

• Set current-switching parameters of apparatus for optimal separation of DNA for 
Acinetobacter baumannii  6V/cm; 23 hours running time; 5 sec initial switch time; 
25 sec final switch time. 

• Operate the Chef DRII electrophoresis apparatus according to SOP NJHF0093. 

• Remove gel from apparatus and stain in water containing 0.5mcg/ml ethidium 
bromide for 30 min 

• Destain in water for 20 min. 

• View using a UV transilluminator. 

• Capture the image on the gel doc system (SOP NJHF0093). 
Interpretation of results 
Results are interpreted according to Tenover criteria.  Briefly, the banding patterns of 
isolates are compared, and the number of band differences counted. The number of 
band differences is used to indicate whether isolates are related and to what degree 
they are related. 
Controls 
Reference strains should be included to verify the discriminatory power of the 
technique. i.e., Reference strains, where possible, or epidemiologically unrelated 
strains, would be expected to have different patterns to the isolates under investigation. 
If this is not the case the discriminatory power of the technique should be questioned. 
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Appendix 7 – Consolidated data sheet 
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Appendix 8 - Working card for processing environmental sample  
 

WORKING CARD FOR PROCESSING ENVIRONMENTAL SAMPLE 

 

SAMPLE EPISODE: ____________ DATE SAMPLED:______________ DATE PROCESSED:____________ 

 

AREA SAMPLED:_____________________CUBICLE:__________SITE:__________________________ 

 

SAMPLE TYPE:    SWAB / SPONGE /WIPE  DISSASOCIATION METHOD: VORTEX / STOMACHER 

 

DILUENT ADDED TO BHI BROTH:  YES / NO         TIME:___________ 

 

QUANTITATIVE CULTURE 

 AGAR SPREAD COUNTING 

  UNDILUTED 1:10 1:100 1:1000 

 Place 0.1ml of each dilution to 5% blood agar 

24 hour 
count 

     

48 hour 
count 

     

CFU 
 COLONIES 

COUNTED 
VOLUME DILUTION  

          CFU  =                                    ÷                             X                         
= 

 

 

QUALITATIVE CULTURE 

BHI EVALUATION 

24 HOURS CLEAR / TURBID REINCUBATED / PLATED OUT 

48 HOURS CLEAR / TURBID REINCUBATED / PLATED OUT 

 

GRAM STAIN:______________     DATE:____________ PLAN:____________ 

 

MEDIA 
COLONIAL 

MORPHOLOGY 
RAPID TESTS PLAN 

COLOREX STAPH  
CATALASE: 
STAPHUREX: 

5% BLOOD PLATE  □ 
VITEK ID___________ 
VITEK ATTACHED□ 

5% BLOOD NALI PLATE  
CATALASE: 
STREPTEX: 

MS ID___________ 
VITEK ATTACHED □ 

MACONKEY AGAR 

LF □      NLF□ 

OXIDASE: 
RAPID INDOLE: 

5% BLOOD PLATE  □ 
VITEK ID___________ 
VITEK ID___________ 
VITEK ID___________ 
VITEK ATTACHED □ 

SABOURAUD 
DEXTROSE 

 GERM TUBE 
VITEK ID___________ 
VITEK ATTACHED □ 
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IF VITEK 2 SENSES FAIL - DISC DIFFUSION SESNSES: 
GRAM 

NEGATIVE 

ORGANISMS 

T
S

\S
X

T
 

A
M

P
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G
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X

M
 

C
Z

/K
Z
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T

X
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P
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L
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G
E

N
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p
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E

 

                          

                          

                          

 

GRAM 

POSITIVE 

ORGANISMS 

A
M

P
 

O
X

A
 

O
X

 
C

D
 

E
 

T
S

/ 
S

X
T

 

V
A
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R
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C
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L
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D
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O
N

E
 

IN
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L

 

D
A

T
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MDRO ORGANISMS 

ORGANISM MDRO PHENOTYPE FURTHER TEST 

Staphylococcus aureus MRSA  

Enterococcus spp VRE:  VancoEtest:______________ 
TeicplaninEtest:___________ 
VRE Xpert:________________ 

Klebsiella pneumoniae ESBL: 
CRE: 

Resist 4:_______________ 
 

Enterobacter spp ESBL: 
CRE: 

Resist 4:_______________ 
 

Acinetobacter baumannii MDR 
XDR 

 

Pseudomonas aeruginosa MDR 
XDR 

 

Candida auris  Amphotericin B etest:________ 

 

SIGNATURE 

DAY 1 DATE: SIGN/INITIAL: 

DAY 2 DATE: SIGN/INITIAL: 

DAY 3 DATE: SIGN/INITIAL: 

DAY 4 DATE: SIGN/INITIAL: 

DAY 5 DATE: SIGN/INITIAL: 

REVIEW DATE: SIGN/INITIAL: 
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