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Abstract

BACKGROUND. Methicillin-resistant Staphylococcus aureus (MRSA) can be recovered from hospital air and from environmental surfaces.  This poses a potential risk of transmission to patients. 

OBJECTIVE. To investigate associations between MRSA isolates recovered from air and environmental surfaces with those from patients when undertaking extensive patient and environmental screening.

DESIGN. A prospective observational study of patients and their environment in eight wards of a 700-bed tertiary care hospital during 2010 and 2011.

METHODS. Sampling of patients, air and surfaces was carried out on all ward bays, with more extended environmental sampling in ward high-dependency bays (HDBs) and at particular times of the day. The genetic relatedness of isolates was determined by DNA microarray profiling and spa typing. 

RESULTS. MRSA was recovered from 30/706 (4.3%) patients and from 19/132 (14.4%) air samples. On 9/132 (6.8%) occasions both patient and air samples yielded MRSA. In 32 HDBs, MRSA was recovered from 12/161 (7.4%) patients, 8/32 (25%) air samples, and 21/644 (3.3%) environmental surface samples. On 10/132 (7.6%) occasions, MRSA was isolated from air in the absence of MRSA-positive patients. Patient demographic data combined with spa typing and DNA microarray profiling revealed four transmission clusters, where patient and environmental isolates were indistinguishable or deemed to be very closely related. 
CONCLUSIONS. Air sampling yielded MRSA on frequent occasions, especially in HDBs. Environmental and air sampling combined with patient demographic data, spa typing and DNA microarray profiling indicated the presence of clusters that were not otherwise apparent. 

Introduction

Numerous studies have shown that the hospital environment is frequently contaminated with potential pathogens that pose a risk of cross-transmission to patients.
 ADDIN EN.CITE 

1
,2 Methicillin-resistant Staphylococcus aureus (MRSA) can survive for long periods on environmental surfaces, and may be transmitted to patients via healthcare workers hands or the environment.3,4 Studies on MRSA in the environment have mostly related to outbreaks,5 intensive care units (ICUs), 6,7 or isolation rooms with MRSA patients, rather than in routine ward areas over a period of time.8,9  There is relatively little information on the dispersal of airborne MRSA and this may be an often underestimated method of transmission that results in clusters or outbreaks. It is not clear what impact MRSA in the environment and in air have on patient acquisition and cross-transmission and many studies involving the sampling of air in the vicinity of patients have been once-off investigations Previous studies have strongly suggested or confirmed the transmission of bacteria by air, especially when carriers of S. aureus have viral infection.10,11  However, the extent to which MRSA may be recovered from the air and how commonly this occurs in an acute hospital outside of an outbreak is unclear. 

The current study describes the pattern of MRSA recovered from air and the patient’s environment on a number of wards where MRSA is endemic over a period of time and investigates patient and environmental links using spa typing and DNA microarray profiling of isolates.  

Methods

Patients.  The study was conducted on patients and their environment on eight wards, four general surgical and four general medical in a 700-bed tertiary referral acute care hospital during 2010-2011. The study was undertaken as part of a larger study of MRSA that was approved by the Hospital Ethics (Medical Research) Committee. Patient and environmental sampling were conducted on a scheduled basis, and were not in response to an outbreak investigation. Bed occupancy was approximately 100%.    Sampling was carried out accordingly in three separate but complementary ways. Firstly, sampling was conducted on 132 occasions on eight wards between March 2010 and February 2011. From March to June 2010, eight wards were sampled successively; three wards were sampled once and five twice. From September 2010 to February 2011, the patients and the environment of four wards were each sampled for four weeks consecutively.  Patient screening involved the taking of swabs from the nose, groin and non-intact skin/wound if, available (n = 706), with one air sample taken in each ward bay. Secondly, on 32 occasions, extended environmental sampling was conducted in the immediate area of patients in two high-dependency bays (HDBs) on eight wards, where more vulnerable and sicker patients are cared for. Patients were screened for MRSA on study wards as previously described.12,13   At- risk patients were those as defined in national guidelines, i.e. patients known to be previously MRSA-positive, patients transferred from another hospital or a long-term care facility, patients with chronic ulcers or urinary catheters and patients who had been hospitalized within the last 18 months1. Environmental sampling involved surface sampling of each patient’s mattress, pillow, bedrail or bedframe and locker. In addition, a settle-plate was placed on each patient’s locker and one air sampling was conducted at the window-ledge of each ward bay.  Thirdly, air sampling was conducted on HDBs at different times over a 24 h period; between; 07.30 -09.00 h, 09.30-11.30 h, 14.00-16.00 h, 17.00-19.00 h, and 20.00-22.00 h, but without simultaneous patient sampling. However during this study phase, routine ward screening did not reveal any MRSA-positive patients to be present in the HDBs during these periods of sampling. No area sampled had any form of artificial ventilation. Cleaning was performed daily by the cleaning services, using water and detergent. A hypochlorite, 1000 ppm av. chlorine  was used for MRSA and other infected/contaminated patients. Terminal decontamination of the bed and bed area after a patient’s discharge of the bed and bed area was performed by a designated cleaning team. 

Air and environmental surface sampling. Samples of air (1,000 L) were taken using an impact air sampler (AES Chemunex Air Sampler, Dėpartment SAV, Rue Maryse Bastiė-Ker Lann, 35172 BRUZ cedex, France) with MRSASelect chromogenic agar (CA) plates (Bio-Rad Life Science Group, France) which was placed on the ledges of outer wall windows in ward bays. CA settle plates were also placed on patients’ lockers for one hour. Neutralising buffer swabs (Technical Services Consultants, Lancashire, UK) were used to sample mattresses, pillows, bedrail or bed frames and patient lockers. An area, 10 cm x 10 cm, of each surface was sampled. In addition, mattresses were assessed by sweeping a CA plate over the surface of the mattress. Most wards consisted of 35 beds, each with one 4-bedded and one 6-bedded HDB, three other 6-bedded bays, one 2-bedded bay and five single rooms (Figure 1a). HDBs mainly comprised of four (wards A) or six-bedded (wards B) ward bays but one ward had a five-bedded bay. The environmental sampling sites were those immediately associated with the patient’s bed area and are shown in Figure 1b. All environmental swabs were enriched in tryptone soy broth with 6% (w/v) NaCl (TB05S-100, Cruinn Diagnostics, Ireland) and incubated at 37°C for 18 h. These were subsequently subcultured onto CA and incubated along with settle plates and sweep plates for 24 h at 37°C. Presumptive MRSA was confirmed by coagulase and clumping factor production using Staphaurex Plus (Remel, U.K.) and methicillin resistance determination using oxacillin minimum inhibitory concentration (MIC) evaluator strips (Oxoid, U.K.) and detection of resistance with cefoxitin, 30µg disks  (Oxoid, U.K.). 

Molecular typing. spa typing was carried out on one isolate per MRSA-positive patient and/or the patients’ environment in the HDBs using the method described at the SeqNet website and amplimer sequencing was performed by Source BioScience (Guinness Enterprise Centre, Dublin, Ireland). Where two sampling methods (e.g. swab and sweep-plate) were MRSA-positive from mattress sampling, only one MRSA isolate was included in the analysis. DNA microarray profiling was performed using the StaphyType Kit (Alere, Germany) on all except two of the isolates that underwent spa typing; these two isolates were not available for DNA microarray profiling. The StaphyType Kit detects 334 S. aureus gene sequences and alleles including typing and species-specific markers as well as virulence-associated and antimicrobial resistance genes. DNA microarray procedures were performed according to the manufacturer’s instructions.14 
Statistical analysis. Statistical analysis was performed using Epi Info 6 (version 6.04c; Centers for Disease Control and Prevention, Atlanta, GA) and odds ratios (ODs) were calculated. The Mantel-Haenszel chi square method was used to assess the significance of the difference between proportions. 

Results
Patient and air sampling. Overall, 30/706 (4.3%) patients and 19/132 (14.4%) air samples yielded MRSA (Table 1). Only two of the MRSA positive patients had infections, the remainder were colonized only. .  On 9/132 (6.8%) sampling occasions both patient and air samples were MRSA-positive, but on 10/132 (7.6%) occasions air samples yielded MRSA but no MRSA-positive patients were identified. When four wards were sampled consecutively for a four-week period, MRSA was isolated on week 1, (5 patients, 2 air samples); week 2 (4 patients, 2 air samples); week 3, (1 patient, no air samples) and week 4 (2 patients, 1 air sample). Three of the five air samples were linked to a MRSA-positive patient in a specific ward bay.  

Environmental sampling on  32 occasions in HDBs. MRSA was recovered from 9/85 (10.6%) male and 3/76 (4%) female patients on nine environmental sampling occasions resulting in (12/161 (7.4%) positive samples.  MRSA was recovered from 8/32 (25%) air samples, from 12/161 (7.5%) settle plates and from 21/644 (3.3%) surface environmental sites. On five occasions, MRSA was isolated from two patients in a ward bay. Ten of 161 (6.2%) mattresses, 2/161 (1.2%) pillows, 3/161 (1.9%) bedrail/frames and 6/161 (3.7%) bedside lockers yielded MRSA. MRSA was isolated from at least one sample (patient or environment) on 16/32 (50%) occasions. On 2/32 (6.3%) occasions, MRSA was recovered from one or more patients as well as from air samples, settle plates and one or more environmental surface sites. For three of twelve MRSA-positive patients, MRSA was recovered from the patient’s mattress, plus the locker for one patient, from the mattress and locker for another patient, and from the mattress, bed frame and pillow of another patient. Two of these MRSA-positive patients were associated with extensive contamination, (ward 2 in June 2010 and ward 7 in January 2011). Patient risk factors for the 12 MRSA patients included previous MRSA (1/12), transfer from another hospital (1/12), the presence of a urinary catheter (3/12) and admission within the previous 18 months (7/12). MRSA was isolated from nasal swabs in ten patients, a groin swab in one and both nasal and groin in one patient. One of 12 patients with nasal/groin swab MRSA-positive was associated with extensive MRSA environmental contamination in January 2011. 

Air sampling over a 24 h period. Thirteen of 128 (10%) air samples in HDBs yielded MRSA; 7/32 (22%) between 07.30-09.00h, 3/32 (9%), between 09.30-11.30h, 1/32 (3%), between 14.00-16.00h, 0/16 (0%), between 17.00-19.00h and 2/16 (13%), between 20.00-22.00h, with significantly more MRSA-positive samples recovered between 07.30h and 09.00h compared to other times, i.e. 7/32 (22%) versus 6/96 (6%), odds ratio (OR), 4.20 (95% confidence interval (CI), 1.13-15.81), p=0.01.  

Molecular epidemiological typing.  spa typing was conducted on 42/53 (79%) MRSA isolates arising from extended patient and environmental screening in HBDs; 10 patient isolates, five air samples, nine settle-plate isolates and 18 environmental surface isolates. Four different spa types were identified among patient and environmental isolates including t515, (19 isolates) t557, (19 isolates), t032, (four isolates) and t022 (one isolate). DNA microarray profiling was performed on 42 of the isolates that were spa-typed. The array assigned all isolates to ST22-MRSA-IV and revealed that all harbored the beta-lactamase resistance gene blaZ, the enterotoxin gene cluster egc and the immune evasion complex (IEC) genes sak, chp and scn. Limited variability was seen among the isolates in relation to the carriage of the macrolide resistance gene erm(C) (37/40, 92.5%) and the co-located enterotoxin genes sec & sel (36/40, 90%). The DNA microarray profiles of all spa type t557 isolates were indistinguishable (blaZ, erm(C), sec & sel, egc and IEC type B, n = 20). Two array profiles were identified among t515 isolates (blaZ, erm(C), sec & sel, egc and IEC B, n = 12; blaZ, erm(C), egc and IEC B, n = 3), whereas three were identified among t032 isolates (blaZ, egc, IEC B, n =  1; blaZ, sec & sel, egc, IEC B, n =  1; blaZ, ermC, sec & sel, egc, IEC B, n = 2). 

On epidemiological grounds there were four potential MRSA clusters, i.e. MRSA isolated from one or more patients and their environment or from two or more patients without any environmental sites positive for MRSA. Patient demographic data combined with spa typing and DNA microarray profiling suggested four clusters (Table 2). The first of these was on the 06/11/10 and involved 19 spa type t557 isolates from three patients with 16 environmental sites in two bays of ward 2; these isolates all yielded indistinguishable DNA microarray profiles. The second spa typing cluster was recovered on the 14/06/10 and involved two spa type t032 isolates from two patients in two ward bays of ward 3; these isolates differed by one gene combination only using the DNA microarray and are considered to be closely related. The next spa typing cluster was recovered on 26/10/10 and again involved two spa type t032 isolates, one recovered from a patient and the other from an environmental site of ward bay A on ward 5; these isolates exhibited indistinguishable DNA microarray profiles. The final spa typing cluster involved 12 spa type t515 isolates recovered on 01/04/11 and involved one patient and 11 environmental isolates on ward A; again these isolates exhibited indistinguishable DNA microarray profiles. Three of four other environmental isolates yielded indistinguishable spa (t515) and microarray pattern profiles, on the 23/06/2011, in two bays of ward 5. However, no positive MRSA patients were identified as being epidemiologically associated with these isolates.  

Discussion   
MRSA is endemic in most Irish hospitals and this study was part of a program of research to determine if current methods of screening underestimate the extent of MRSA colonization and environmental contamination. Through a combination of admission screening of all patients (not just those in at-risk categories such as patients being transferred from another hospital), follow-up screening while in-patients, air and environmental sampling and the prospective collection of detailed demographic data and molecular typing, we have endeavored to gain a deeper understanding of the extent of MRSA colonization and transmission.  Results showed that some patients are MRSA-positive even though not in an at-risk category and who would not normally be routinely screened, that transmission can occur but remain undetected if solely relying on routine screening and that the method of environmental sampling influences the density of MRSA recovered from the healthcare environment.12, 13, 15     

In this study MRSA was mainly isolated from the air in ward bays, (air sampling sites outlined in Figure 1b), where MRSA-positive patients were identified.  However, on 7.6% of 132 sampling occasions, MRSA was detected from air samples when no known MRSA-positive patients were identified, possibly because of unidentified MRSA-positive individuals in the vicinity, recently discharged  MRSA-positive patients, or environmental contamination. When patient screening and air sampling were conducted on four wards over a 4-week period, more MRSA-positive patients and environmental samples were identified during the first two weeks, than during weeks 3-4. This may suggest that the early identification of MRSA patients arising from this study and their subsequent isolation may have contributed to fewer MRSA-positive samples during the last two weeks of screening. 

In HDBs, MRSA was recovered on 50% of occasions from either patients or their environment, probably due to the greater risk of these more vulnerable patients having MRSA. Apart from the presence of a urinary catheter in 3/12 patients, no other MRSA risk factors were associated with environmental contamination. Skin scales can travel significant distances especially when associated with extensive activity.9,16,17,18 While we assessed particle counts and particle size variation on one occasion (data not shown), we found no correlation with bacteriological sampling results. 

Active air sampling by its very nature draws air from a wide area, which makes it difficult to associate environmental isolates with specific patients.  In order to more accurately measure the dispersal of MRSA from individual patients we conducted environmental sampling of beds. For three of twelve MRSA-positive patients, MRSA was recovered from the patients mattress as well as other environmental sites surrounding the patient’s bed. Two of these patients were associated with extensive environmental contamination on ward 2 on the 11/06/2010 and on ward 7 on the 04/01/2011. While not conclusive, these patients may have been index patients for the outbreaks.   The greater likelihood of recovering MRSA from air samples compared with settle plates and environmental surfaces is possibly related to the increased sensitivity of this method of sampling due to the increased volume of air sampled (i.e. 1,000 L).19 Seven of 12 (75%) MRSA-positive settle plates were related to two clusters involving four patients, suggesting that MRSA can be dispersed in the air from the immediate vicinity of MRSA-positive patients to other ward areas. 

Rates of recovery of MRSA are higher during ward activities, and at different times during the day, before, during and after cleaning.18,6  We recovered significantly higher rates of MRSA in air samples early in the morning, i.e. between 07.30-09.00 h compared with at other times. Sampling at this time, before routine ward cleaning would generally be regarded as a low activity time, i.e. less movement of patients and staff.20-22 Air samples positive for MRSA declined during the day when cleaning, ward rounds and other activities were taking place, with less MRSA being isolated during the afternoon/evening, similar to a study on two respiratory wards that showed higher levels of particulate matter in the morning during ward activity , i.e. bed making, nebulisation, peaking again around lunch time and reducing during times of low activity.12   The more frequent recovery of MRSA from surfaces in ICUs has been reported between 08.00-09.00 h than during the rest of the day.6 Aerial dispersal of Clostridium difficile was found to be higher during the distribution of meals.23 However, patients may shed more skin scales6,23 during the night when sleeping, and this may explain our finding of more MRSA between 07.30-09.00 h, but some ward activity may have been taking place before 7.30 AM.

Effective cleaning and the decontamination of environmental surfaces have been associated with reduced MRSA in the patient’s environment,24  but cleaning may not always be effective. In the present study, mattresses were the items of equipment from which MRSA was most frequently isolated and these may be a significant reservoir in the environment. Patients may acquire MRSA from a previous MRSA-positive patient if decontamination between patient admission to that clinical area is inadequate.25 The surface of patients’ lockers was also contaminated, possibly from aerial transmission, but also due to indirect contact with MRSA-positive patients via healthcare staff combined with inadequate cleaning. 
The use of spa typing as a standalone typing method for differentiating between highly clonal ST22-MRSA-IV isolates has been shown to be inadequate.26 In the present study spa typing was combined with DNA microarray profiling to attempt to enhance discrimination of the ST22-MRSA-IV isolates based on the presence or absence of virulence-associated and antimicrobial resistance genes. This combined molecular typing approach together with epidemiological data identified four clusters, three of which were on different wards involving patients and the environment. In addition, three of four isolates that were linked epidemiologically and isolated from the environment were indistinguishable but these were not associated with MRSA-positive patients. While it is important not to rely on spa typing alone for typing of MRSA particularly in an endemic setting, in the present study DNA microarray profiling did not result in isolates clustered based on spa typing being further differentiated. However, the DNA microarray permits identification of characteristic resistance and virulence genes among isolates as we have demonstrated for a collection of isolates causing MRSA bloodstream infection.27 

Patterns of air dispersal of S. aureus are not generally well understood in the healthcare environment or elsewhere. A recent study of livestock-associated MRSA traced the spread of MRSA in the vicinity of pig barns and spa typing indicated that MRSA spread was influenced by the season and the wind direction.28 The clinical areas sampled in our study were naturally ventilated and therefore air flow would have been influenced by open doors and windows and the movement of patients and staff. 

The limitations of this study include taking samples mainly in HDBs and not as frequently throughout the rest of the ward, as this would have more accurately determined the full extent of MRSA dispersal. We sampled mainly nasal and groin sites but not other sites such as throat, sputum, urine, etc. which may be associated with significant additional air dispersal. Because of logistical and resource reasons, air sampling was conducted at one position only, i.e. the outer window of each ward bay and not beside each patient in all ward bays, thus our sampling possibly missed MRSA dispersion from patients further away from the window. Sampling was conducted during the day and early night periods, but not between 22.00h-07.30h, when patients were asleep and there was less activity on the ward. Broth enrichment was not used for patient samples and healthcare staff were not screened; both may have underestimated the true number of MRSA- positive carriers on the ward and may explain the presence of MRSA in the air without known MRSA positive patients in the immediate vicinity. One study found that the average limit of detection for direct culture and broth enrichment in an in vitro study was approximately 750 CFU/ml and 40 CFU/ml, respectively.29 Hence broth enrichment significantly enhances the sensitivity of MRSA detection but with a longer time to confirmation of MRSA status.  
In conclusion, MRSA was recovered from either patients or their environment on 50% of sampling occasions with patterns suggesting dispersal from patients to the surrounding air. This suggests that aerial transmission from patient-to-patient may be common. While not conclusive, patients appear to shed MRSA more frequently early in the morning or during the night. The use of computational fluid dynamics might assist in the accurate prediction of the spatial distribution of MRSA as shown in a recent study which investigated the use of a physical partition between patients and the location of patients vis a vis the air supply.30  However, further prospective studies of patients in different settings including in single rooms and in multiple bed settings, during different periods of activity such as the changing of bed linen, and under natural and artificially ventilated facilities are required.
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Figure 1a. Schematic layout of ward bays in a typical 35-bed ward
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Figure 1b, Schematic layout of environmental sampling sites in  typical high-dependency bays (ward bay A, 4-bed, ward bay B, 6-bed)
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Table 1. Isolation of MRSA from patients and air on 132 sampling occasions
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Ward bay  Sampling  occasions  Patients   Patient MRSA +  Air MRSA+  a  Patient MRSA + Air  MRSA  -   b  Air + Patient  -   c  Air +  d  

 n  n  n  n  n  n  

Ward bay A   29  8/116  2/29  4/29  2/29  4/29  

Ward bay B   29  9/174  3/29  4/29  3/29  6/29  

Ward bay C  22  3/132  1/22  2/22  1/22  2/22  

Ward bay D  29  6/174  1/29  4/29  4/29  5/29  

Ward bay E  16  3/96  2/16  1/16  0/16  2/16  

Ward bay F  7  1/14  0/7  1/7  0/7  0/7  

All wards  132  30/706 (4.2%)  9/132 (6.8%)  16/132 (12.1%)  10/132 (7.6%)  19/132(14.4%)  

 

aPatient MRSA + Air MRSA +, among patients who were MRSA+, the number of air sampling MRSA+
bPatient MRSA + Air MRSA -, among patients who were MRSA+, the number of air sampling MRSA-,  

cAir  MRSA+ and Patient -, among air sampling that was MRSA+, the number of patients MRSA- 
d  Air +, number of air MRSA-positive in each ward bay 

Table 2. The distribution of MRSA recovered from patients, air, settle plates and environmental surfaces on 32 occasions of high-dependency bays with spa typing of 42/52 isolates and DNA microarray profiling of 40/52 isolates 

	Date
	Ward a
	Ward Bay
	Patients
	Air sampling
	Air settle plates
	Surface environmentalb

	
	
	
	(n/total)
	(n/total)
	(n/total)
	(n/total)

	08/06/10
	1
	Bay A
	0/4
	0/1
	1/4
	0/16

	08/06/10
	1
	Bay B
	0/6
	0/1
	0/6
	2/24

	11/06/10
	2
	Bay A
	3/6 
	1/1
	3/6
	10/24 

	11/06/10
	2
	Bay B
	0/6
	1/1
	1/6c
	1/24

	14/06/10
	3
	Bay A
	1/4 d
	0/1
	0/4
	0/16

	14/06/10
	3
	Bay B
	1/5 
	0/1
	0/5
	0/20

	16/06/10
	4
	Bay A
	0/4
	0/1
	0/4
	0/16

	16/06/10
	4
	Bay B
	0/6
	0/1
	0/6
	0/24

	23/06/10
	5
	Bay A
	0/4
	0/1
	0/4
	1/16

	23/06/10
	5
	Bay B
	0/6
	1/6
	1/6
	2/24  c

	28/06/10
	6
	Bay A
	1/4
	0/1
	0/4
	0/16

	28/06/10
	6
	Bay B
	0/6
	0/1
	0/6
	0/24

	20/09/10
	1
	Bay A
	0/4
	0/1
	0/4
	0/16

	20/09/10
	1
	Bay B
	0/6
	0/1
	0/6
	0/24

	27/09/10
	1
	Bay A
	0/4
	0/1
	0/4
	0/16

	27/09/10
	1
	Bay B
	0/6
	0/1
	0/6
	0/24

	04/10/10
	1
	Bay A
	0/4
	0/1
	0/4
	0/16

	04/10/10
	1
	Bay B
	0/6
	0/1
	0/6
	0/24

	18/10/10
	 5
	Bay A
	0/4
	0/1
	0/4
	0/16

	18/10/10
	5
	Bay B
	0/6
	0/1
	0/6
	0/24

	26/10/10
	5
	Bay A
	1/4  
	1/1 
	0/4
	0/16

	26/10/10
	5
	Bay B
	2/6  e
	1/1
	0/6
	0/24

	08/11/10
	5
	Bay A
	0/4
	0/1
	0/4
	0/16

	08/11/10
	5
	Bay B
	0/6
	0/1
	0/6
	0/24

	04/01/11
	7
	Bay A
	0/4
	1/1
	1/4
	0/16

	04/01/11
	7
	Bay B
	1/6
	1/1
	5/6
	5/24

	10/01/11
	7
	Bay A
	0/4
	0/1
	0/4
	0/16

	10/01/11
	7
	Bay B
	0/6
	1/1
	0/6
	0/24

	31/01/11
	8
	Bay A
	0/4
	0/1
	0/4
	0/16

	31/01/11
	8
	Bay B
	1/6 
	0/1
	0/6
	0/24

	21/02/11
	8
	Bay A
	0/4
	0/1
	0/4
	0/16

	21/02/11
	8
	Bay B
	1/6
	0/1
	0/6
	0/24

	Total
	8 wards 
	 32 Bays
	12/161(7.5%)
	8/32(25%)
	12/161(7.5%)
	21/644(3.3%)


a Wards 1-8

b Mattress, pillow, bedrail/frame or locker.
c One isolate not spa typed.  

d Using DNA microarray, one t032 spa type isolate lacked the sec & sel gene cluster
e Total 2/6 isolates MRSA-positive, one t515 spa type, one t022 

Cell shading indicates the combined spa types and DNA microarray profiles of isolates within the four clusters;

	 
	spa type t557; DNA microarray profile blaZ,  erm(C), sec & sel, egc and IEC B

	 
	spa type t515, DNA microarray profile blaZ, erm (C), egc and IEC B

	 
	spa type t032, DNA microarray profile blaZ, erm (C), sec & sel, egc and IEC B   
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