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 This thesis is an investigation of methicillin-resistant Staphylococcus aureus 

(MRSA) and Clostridium difficile in community hospitals in southern Ontario, Canada. 

The first part of this thesis presents the findings of two longitudinal studies that describe 

the epidemiology of MRSA and C. difficile contamination in the environment of four 

hospitals. Overall, the prevalence of MRSA and C. difficile contaminated surfaces ranged 

from 2.5%-11.8% and 2.4%-6.4%, respectively. The majority of MRSA isolates were 

identified as spa type 2/t002; however, spa type 539/t034, a livestock-associated (LA) 

MRSA strain, was identified on several surfaces in two hospitals. For C. difficile, various 

ribotypes were identified in the hospital environment, including internationally 

recognized ribotypes 027 and 078. Chair backs, hand rails, isolation carts, and sofas were 

high risk surfaces for MRSA contamination. Cork surfaces and surfaces located in rooms 

exposed to a C. difficile patient were at a higher risk for C. difficile contamination. 

         The second part of this thesis describes the utility of the temporal scan statistic for 

detecting MRSA and C. difficile clusters in a community hospital, using historical 

microbiological data. Clusters were investigated using molecular techniques and hospital 

records. Temporal factors (e.g., month, season, year) associated with these two pathogens 



were investigated using regression models. Several MRSA and C. difficile clusters were 

concordant with outbreaks identified by the hospital. Based on typing data, potential 

MRSA and C. difficile outbreaks and transmission events were identified that were not 

recognized by hospital personnel. The identification of specific time periods with 

significantly increased MRSA or C. difficile rates may have been associated with 

particular administrative and health events. 

        The identification of MRSA and C. difficile on different surfaces in the hospital 

environment demonstrates that protocols are required to ensure that these surfaces are 

adequately cleaned and disinfected. Furthermore, the identification of LA-MRSA strains 

in the environment requires additional surveillance. The incorporation of the temporal 

scan statistic and molecular typing to standard surveillance methodologies are valuable 

tools for hospital personnel to evaluate surveillance strategies, understand transmission 

events, and focus investigations to address increases in the rate of MRSA and C. difficile 

cases in the patient population.
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Chapter 1 

Introduction, Literature Review, and Objectives 

 

1.0 Introduction 

 In Canada, infections caused by methicillin-resistant Staphylococcus aureus 

(MRSA) and Clostridium difficile represent a significant burden to public health in terms 

of infection control measures, outbreaks (Eggertson, 2007; Embil et al., 2001), increased 

patient morbidity and mortality rates (Gravel et al., 2009; Klevens et al., 2007), and 

increasing healthcare costs (Goetghebeur et al., 2007; Miller et al., 2002). The cost 

required to treat an MRSA infection is estimated at $27,661 per patient and the cost 

associated with the isolation and management of a patient colonized with MRSA is 

approximately $8,841 per admission (Lim, 2006). At the national level, healthcare costs 

attributed to MRSA were approximately $82 million in 2004 and were projected to 

increase to nearly $129 million in 2010 (Goetghebeur et al., 2007). The cost associated 

with a C. difficile infection (CDI) was estimated at $10,809 per patient (Etchells et al., 

2012; Vonberg et al., 2008). On average, it has been estimated that a hospital experiences 

10 readmissions annually due to CDI following patient discharge, readmissions which 

would result in estimated healthcare costs of approximately $128,200 per hospital per 

year (Miller et al., 2002). Nationally, the economic burden of CDIs was estimated at 

$46.1 million for 2009-2010 (Etchells et al., 2012).  

 Although MRSA and C. difficile have long been recognized as leading causes of 

hospital-associated infections (HAIs), there has been a dramatic increase in the incidence 

rate and severity of MRSA and CDIs in both hospital (Gravel et al., 2009; Loo et al., 

2005; Tanaka et al., 1995; Panlilo et al., 1992) and community settings (Wilcox et al., 

2008; CDC, 2005; CDC, 1999; Saravolatz et al., 1982). Significant changes have been 

identified in the epidemiology, microbiology, and molecular characteristics of these two 

pathogens over the past two decades ( He et al., 2013; Mulvey et al., 2010; Christianson 

et al., 2007; Maree et al., 2007; Gonclaves et al., 2004). However, the majority of this 

research has been conducted almost exclusively in tertiary healthcare facilities. Although 

these medical institutions have access to a plethora of data and research focusing on 

tertiary care facilities provides valuable information, it is unclear whether results from 
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these facilities are applicable to smaller community hospitals, and therefore whether 

recommendations based on tertiary care hospital data are appropriate in community 

hospital settings. 

 The following literature review addresses several aspects of MRSA and C. 

difficile including microbiology, virulence, molecular typing, and molecular 

epidemiology. In addition, information regarding MRSA and C. difficile surveillance and 

cluster detection methodologies, specifically in the hospital setting, is presented. 

 

2.0 Methicillin-resistant Staphylococcus aureus 

2.1 Background 

 Staphylococcus aureus is a gram-positive, non-spore forming bacterium that is a 

common commensal of the skin and mucous membranes in humans (Kluytmans et al., 

1997). Between 30% and 50% of healthy adults are colonized with S. aureus, with 10-

20% of adults identified as persistently colonized (Casewell et al., 1986; Nobel et al., 

1967).  However, S. aureus is also an important cause of opportunistic infections (Lowy, 

1998). A concerning aspect of S. aureus is its tendency to become resistant to 

antimicrobials, a characteristic that was noted shortly after penicillin was introduced to 

human medicine (Kirby, 1944). This problem became more evident through a recurring 

cycle of new antimicrobial use followed by the development of resistance. Of particular 

concern is methicillin-resistance, conferred by the mecA gene, which has resulted in 

resistance to virtually all beta-lactam antimicrobials including penicillins, cephalosporins, 

carbapenems, and monobactams (Kwon et al., 2006). 

In 1961, approximately two years after the introduction of methicillin, the first S. 

aureus isolates resistant to methicillin were reported (Jevons et al., 1961). Penicillin-

binding proteins (PBP) are membrane bound enzymes that catalyze the transpeptidation 

reaction that cross-links the peptidoglycan of the bacterial cell wall (Chambers, 1999). In 

methicillin-susceptible S. aureus, beta-lactam antimicrobials bind to PBPs, which results 

in the disruption of the synthesis of the peptidoglycan layer and subsequently inhibit the 

survival of S. aureus. However, in MRSA, the mecA gene confers production of an 

altered PBP, PBP2a, to which beta-lactam antimicrobials are not able to bind, and 
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therefore cannot disrupt peptidoglycan synthesis, enabling the growth and survival of 

MRSA (Berger-Bachi and Rohrer, 2002). 

The mecA gene resides on a genetic mobile element known as a staphylococcal 

chromosomal cassette (SCCmec), which contains three genes, ccrA, ccrB, and ccrC 

(cassette chromosome recombinase A, B, and C), that encode recombinases in order to 

integrate the cassette into its chromosomal locus (Chambers and DeLeo, 2009). Presently, 

11 SCCmec types, I – XI, have been identified in S. aureus and are classified according 

to the presence of specific mec and ccr gene complexes (IWG-SCC, 2012). In addition to 

these two gene complexes, the SCCmec element also contains three J-regions, which 

constitute non-essential components of the cassette, but may carry additional 

antimicrobial resistance determinants (IWG-SCC, 2012). 

 

2.2 Hospital-associated and community-associated MRSA 

While first identified in the 1960s (Jevons et al., 1961), MRSA was not 

recognized as a critical human pathogen until the 1980s, when substantial numbers of 

HAIs were observed (Tanaka et al., 1995; Panlilo et al., 1992). Various risk factors have 

been reported for hospital-associated (HA) MRSA and include fluoroquinolone (Venezia 

et al., 2001) and macrolide administration, enteral feeding, surgery, previous 

hospitalization (Graffunder and Venezia, 2002), and intravenous catheterization (Coello 

et al., 1997). Although MRSA infections have traditionally been acquired almost 

exclusively in hospitals and long-term care facilities (Chambers, 2001), in the 1980s and 

early 1990s, cases of severe MRSA infections were reported in individuals in the 

community (CDC, 1999; Udo et al., 1993; Saravolatz et al., 1982). These MRSA 

infections were observed in individuals who had no known predisposing risk factors for 

MRSA or contact with healthcare facilities. However, cases were identified as being 

affiliated with specific populations including aboriginals (Ofner-Agostini et al., 2006), 

athletes in contact sports (Cohen, 2005), young people (Vanderkooi et al., 2005), and 

prisoners (Hota et al., 2007). Further examination revealed that factors such as sharing 

equipment or personal belongings (e.g., razors, towels), increased probability of having 

skin lesions (e.g., contact sports), overcrowding, and hygienic challenges, increased the 

likelihood for individuals within these populations to acquire MRSA (CDC, 2010). 
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Consequently, these novel clinical and epidemiological presentations resulted in a new 

MRSA classification, termed community-associated (CA) MRSA. At the phenotypic and 

genotypic levels, researchers initially noted that compared to HA-MRSA strains, CA-

MRSA strains were susceptible to a number of antimicrobial classes, contained specific 

SCCmec types, demonstrated dissimilar pulsed-field gel electrophoresis (PFGE) patterns, 

and contained genes encoding the Panton-Valentine leukocidin (PVL) toxin (Strandén et 

al., 2009; Christianson et al., 2007; Klevens et al., 2006a; Kowalski et al., 2005; Zetola et 

al., 2005; Charlebois et al., 2004; Naimi et al., 2003) (Table 1.1).  

Traditionally, the classification of MRSA as HA or CA was based on strict 

epidemiological principles including previous hospitalization or residency in a long-term 

care facility, performance of medical or surgical procedures, presence of permanent 

indwelling medical devices, isolation of MRSA as an in- or out-patient, and the time 

between hospital admission and MRSA identification (CDC, 2010; Barton et al., 2006). 

However, over time, the distinction between HA- and CA-MRSA strains has become 

blurred (Lowy, 2003; Lowy, 1998) due to the identification of HA-MRSA strains 

circulating within community populations and CA-MRSA strains circulating within 

hospital populations (Maree et al., 2007; Klevens et al., 2006b; Seybold et al., 2006; 

Calfee et al., 2003). Subsequently, some researchers have focused on microbiological and 

molecular characteristics, not epidemiological factors, for classifying MRSA as HA or 

CA (Nichol et al., 2011). 

 

2.3 MRSA surveillance data in Canada 

In Canada, the largest surveillance program is the Canadian Nosocomial Infection 

Surveillance Program (CNISP). The objectives of CNISP are to provide data to 

healthcare facilities concerning the rates and trends of HAIs in addition to evidence-based 

data that can be used for the development of guidelines related to HAIs (PHAC, 2011a). 

In 1995, CNISP began collecting MRSA data from hospitalized patients in sentinel acute-

care institutions across Canada (Simor et al., 2002; Simor et al., 2001). This national 

program has provided important information regarding the clinical impacts, 

epidemiology, microbiology, and molecular aspects of MRSA in Canada, but with a 

focus on MRSA in large urban hospitals. When surveillance was initiated in 1995, the 
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rates of MRSA colonization and infection within healthcare facilities were approximately 

equal (PHAC, 2011b). Since 1995 the difference between infection and colonization rates 

has steadily increased, with colonization rates dominating infection rates (PHAC, 2011b).  

Surveillance data from CNISP demonstrates that the combined incidence of 

MRSA infection and colonization changed significantly from 0.65 cases/10,000 patient 

days in 1995 to 11.04 cases/10,000 patient days in 2007, a 17-fold increase (Simor et al., 

2010). The most prevalent sites for MRSA infections were skin or soft tissue (35%), 

followed by respiratory tract (22%), and surgical sites (19%). Overall, MRSA 

infection/colonization was acquired in a healthcare facility and the community for 83% 

(n=26,377) and 17% (n=5,312) of patients, respectively. The percentage of patients 

identified with CA-MRSA infection or colonization, significantly increased over the 

surveillance period from 6% (1995-1999) to 23% (2007) (Simor et al., 2010). Although 

all participating CNISP hospitals have active surveillance programs where MRSA 

screening of high-risk patients is conducted at hospital admission or in specific hospital 

units (Simor et al., 2010), overall differences in screening policies at the hospital and/or 

provincial level (PHAC, 2011b) may result in differences observed in MRSA rates and 

characteristics among hospitals. 

A second surveillance initiative conducted at the national level, the Canadian 

Ward Surveillance (CANWARD) program collects data and clinical MRSA isolates from 

10 medical centres located across Canada. During a CANWARD surveillance period, 

only a fixed number of isolates are collected and data are obtained from both in- and 

outpatients (Zhanel et al., 2011). For the 2007-2009 surveillance period, a total of 889 

MRSA isolates were collected with the majority of specimens isolated from the 

bloodstream (40.3%), the respiratory tract (33.3%), or wounds/intravenous sites (22.5%) 

(Nichol et al., 2011). Based on molecular typing, 72.4% (n=644) of isolates were 

classified as HA-MRSA and 25.2% (n=224) were identified as CA-MRSA. In 

concordance with CNISP data, the prevalence of isolates classified as CA-MRSA 

significantly increased over the surveillance period from 19.5% in 2007 to 31.9% in 

2009. However, a major limitation of the CANWARD surveillance program is the 

absence of epidemiological data, which results in the classification of HA- and CA-

MRSA strains based on molecular characteristics (Nichol et al., 2011).  



6 

 

At the provincial level, starting December 2008, Ontario hospitals were required 

to report the number of newly acquired HA-MRSA bacteremias on a quarterly basis, to 

be posted on a website that is accessible to the public (Health Quality Ontario, 2013). 

Results from the website indicate that from October 2008 to December 2012, the 

provincial rate of MRSA bacteremias was 0.02 cases/1,000 patient days for each quarter, 

except for the October-December 2009 quarter, when the rate increased to 0.03 

cases/1,000 patient days (Health Quality Ontario, 2013). Data pertaining to colonization 

or other types of MRSA infections are not reported. 

Currently, surveillance studies in Canada have focused typically on general 

evaluations with descriptive data and basic associations to describe MRSA within the 

hospital setting. Data derived from the CNISP and CANWARD surveillance programs 

provides healthcare workers with a baseline concerning MRSA rates and characterization 

in Canadian hospitals. However, for both national programs, data are obtained from 

acute-care facilities that only comprise a small percentage of all acute-care centres in 

Canada with a large majority of participating hospitals located in Ontario and Québec. 

Furthermore, in participating facilities, the characteristics of the patient population may 

be considerably diverse in terms of the presence and severity of clinical conditions and 

co-morbidities compared to patient populations in smaller, community-based hospitals. 

To truly appreciate MRSA within healthcare facilities, surveillance extending beyond 

large medical centres is required. 

 

2.4 Molecular epidemiology of MRSA in Canada 

Nationally, 10 Canadian epidemic MRSA (CMRSA) strain types (CMRSA-1 to 

CMRSA-10), have been identified (Mulvey et al., 2005; Simor et al., 2002) and 

characterized to date (Christianson et al., 2007). For MRSA strains to be designated as 

„epidemic‟, several criteria must be met and include: 1) MRSA strains that are clinically 

or epidemiologically significant or exhibit distinctive microbiological characteristics; 2) 

MRSA strains that have been identified in the patient population from ≥ 5 hospitals or 

from ≥ 3 geographic regions in Canada; and 3) MRSA strains that have been 

characterized using standard typing methodologies (Simor et al., 1999). 
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Data from CNISP indicates that from 1995 to 2007, CMRSA-1 was the most 

prevalent strain type in hospitalized patients, but has since been surpassed by CMRSA-2 

(Simor et al., 2010; Christianson et al., 2007). Interestingly, the second most prevalent 

CMRSA strain type, CMRSA-1, was almost exclusively identified in Ontario hospitals. 

Although both CMRSA-7 and -10 strains have increased in prevalence across Canada, 

overall, CMRSA-10 was more prevalent, especially in the western provinces, compared 

to CMRSA-7 (Simor et al., 2010; Christianson et al., 2007). CANWARD reported similar 

results as CNISP with a large majority of isolates identified as CMRSA-2 (61.9%) 

followed by CMRSA-10 (19%), CMRSA-3/6 (8.8%) and CMRSA-7 (6.8%). 

In 2003, a new MRSA strain that could not be typed using conventional PFGE 

was identified in the Netherlands (Huijsdens et al., 2006; Voss et al., 2005). Further 

molecular investigation revealed that this new MRSA strain, which was associated with 

pigs and was subsequently termed livestock-associated (LA) MRSA, belonged to clonal 

complex 398 (CC398) (van Loo et al., 2007). This particular LA-MRSA clone has been 

identified in pigs and pig farmers in North America (Smith et al., 2009; Khanna et al., 

2008) and has emerged as an important cause of MRSA infections in Europe (van Cleef 

et al., 2011; Lewis et al., 2008; Witte et al., 2007). Although uncommon in humans in 

Canada, this clone has been identified from 0.14% (n=5) of isolates, from infection and 

screening specimens, from persons residing in Manitoba and Saskatchewan (Golding et 

al., 2010). Molecular characterization of these isolates identified a novel subtype of 

SCCmecV and the absence of genes encoding the PVL toxin. Interestingly, recent 

evidence indicates that CC398 originated in humans as methicillin-susceptible S. aureus 

and then transferred to pigs where it subsequently acquired methicillin-resistance (Price 

et al., 2012). 

 

2.5 Virulence 

The PVL toxin, a member of the synergohymenotropic toxin family, is encoded 

by lukF-PV and lukS-PV, two contiguous and co-transcribed genes (Prévost et al., 1995) 

that act synergistically on leukocytes to form pores in the cellular membrane (Meyer et 

al., 2009; Prévost et al., 1995; Colin et al., 1994). At high concentrations PVL causes 

cellular death but at low concentrations PVL results in the exaggeration of the host‟s 
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inflammatory response (e.g., activation of neutrophils to secrete leukotriene B4 and 

interleukin 8 and initiate the release of granule contents from neutrophils) (Genestier et 

al., 2005; Konig et al., 1995; Woodin et al., 1964). 

In Canada, CA-MRSA strains have been designated CMRSA-7 and CMRSA-10, 

and are equivalent to the USA400 and USA300 designations, respectively, in the United 

States (Christianson et al., 2007). These MRSA strains are frequently identified 

containing the genes for PVL and have been associated with several clinical conditions 

including skin and soft tissue infections (e.g., cellulitis), cutaneous abscesses, furuncles, 

and necrotizing pneumonia (Lina et al., 1999). However, the PVL toxin may not be the 

key determinant in the pathogenesis of CA-MRSA (Zhang et al., 2008), as it has been 

shown that PVL positive and negative USA300 and USA400 strains were equally 

virulent in mouse abscess, pneumonia, and/or sepsis models (Wardenburg et al., 2008; 

Wardenburg et al., 2007; Voyich et al., 2006). Although both CMRSA-10 and CMRSA-7 

strains express PVL, the CMRSA-10 strain has become the predominant strain in CA-

MRSA infections in North America, indicating that the emergence of CA-MRSA may be 

the result of other bacterial or host susceptibility factors (Chambers and DeLeo, 2009; 

Christianson et al., 2007). Other potential pathogenic attributes in CA-MRSA strains 

being investigated include α-haemolysin (Wardenburg et al., 2007), α-type phenol-

soluble modulins (Wang et al., 2007), and the arginine catabolic mobile element (Diep et 

al., 2008). In Canada, one study documented 127 genetic differences between the 

CMRSA-7 and -10 strains (Christianson et al., 2007). The addition of specific virulence 

factors (e.g., proteins involved in capsular biosynthesis, exotoxins, regulatory functions, 

and adhesion) was identified in the CMRSA-10 strain only. Studies focusing on these 

additional virulence factors may help to elucidate the high prevalence of specific MRSA 

strains in hospital and community settings in addition to the pathogenesis of severe 

MRSA infections.  

 

2.6 Molecular typing of MRSA 

Molecular typing is an important and essential tool for evaluating and 

investigating the epidemiology of HA pathogens. Numerous phenotypic and genotypic 

strain typing methodologies have been employed for classifying MRSA for 
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epidemiological studies. Three commonly used genotyping techniques include PFGE, 

multilocus sequence typing (MLST), and spa typing. However, technical advancements 

in microbial genomics have paved the way for the application of whole-genome 

sequencing for HA pathogens. 

Considered the “gold standard” for the molecular typing of MRSA, PFGE is 

based on the digestion of chromosomal DNA using a restriction enzyme, specifically 

SmaI (Mulvey et al., 2001). The resulting DNA fragments are then separated in a 

specialized electrophoresis unit using an alternating electrical field and the resulting band 

patterns are then analyzed using various software packages. In Canada, PFGE has been 

used to assign CMRSA types (Simor et al., 2002) for surveillance (Matlow et al., 2012; 

Kim et al., 2011; Christianson et al., 2007; Simor et al., 2002) and outbreak investigations 

(Dalloo et al., 2008; Saunders et al., 2007). Although PFGE has high discriminatory 

power, can be standardized, and therefore results are comparable between studies and 

laboratories at both the national and international levels, it is an expensive, technically 

demanding, and time consuming typing technique. 

A sequence based approach, MLST relies on the sequence diversity of the internal 

fragments of housekeeping genes that are distributed over the bacterial chromosome 

(Maiden et al., 1998). For S. aureus, seven housekeeping genes are sequenced (e.g., arcC, 

aroE, glpF, gmk, pta, tpi, yqiL), with each gene internal fragment approximately 500 base 

pairs (bp) in length (Deurenberg and Stobberingh, 2008). For each housekeeping gene, a 

specific allele is assigned to each of the different sequences and the alleles at each loci 

result in an allelic profile designated as a sequence type (ST). This typing method can be 

easily standardized, is reproducible, provides moderate discriminatory power, and allows 

for the creation of a global database (Maiden et al., 1998). However, as MLST defines 

variation within a very small sample of the genome, it cannot distinguish between closely 

related isolates (Deurenberg and Stobberingh, 2008). In addition, MLST is a costly, 

labour intensive, and time consuming typing method.  

An objective sequencing based method, spa typing is increasingly being used 

because of its reproducibility, discriminatory power, relatively low cost, high throughput, 

and standardization (Struelens, et al., 2009). Subsequently, databases containing different 

spa types are now available for comparison and surveillance of MRSA at the local and 
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international levels. As all S. aureus carry a protein A in their cell wall, the gene that 

encodes for this specific protein contains an X region that is characterized by a variable 

number of small repeats (e.g., between 3 and 15) (Frénay et al., 1996). By sequencing the 

X region, a code is assigned for each repeat with the designated spa type based on the 

code. The diversity observed with the spa gene, consisting of a number of repeats of 21-

27 bp in length (Mellmann et al., 2007), is attributed to point mutations, deletions, and 

duplications of the repeats (Kahl et al., 2005; Shopsin et al., 1999). Due to the many 

advantages of spa typing, especially in time and cost, there is a move away from MLST 

and PFGE. When comparing the different molecular techniques, spa typing has a 

discriminatory power between that of PFGE and MLST (Malachowa et al., 2005). In 

2008, CNISP published guidelines for the assignment of CMRSA epidemic types based 

on spa typing (Golding et al., 2008). A total of 1488 MRSA isolates were analyzed using 

PFGE and spa typing and results of the investigation revealed high concordance of spa 

types with PFGE epidemic types. However, issues emerged due to spa typing not being 

able to distinguish CMRSA-5 from CMRSA-9 and CMRSA-10, and CMRSA-3 from 

CMRSA-4 and CMRSA-6; therefore additional testing, such as real-time PCR to detect 

the presence or absence of the PVL toxin gene, or further investigation using PFGE, was 

recommended (Golding et al., 2008).  

The application of whole-genome sequencing for typing MRSA has been 

employed to examine transmission routes in the hospital and community settings as well 

as globally (Harris et al., 2010). Whole-genome sequencing provides an inventory of the 

microevolutionary changes of a bacterium that can be used to map genome-wide single-

nucleotide polymorphisms (SNPs), insertions, and deletions compared to a reference 

sequence (Harris et al., 2010). This typing technique provides the best discrimination 

between closely related bacterial isolates (Harris et al., 2013; Relman, 2011) and can 

track the evolution of disease-associated clonal bacterial isolates in real-time (Relman, 

2011), factors that allow for the possibility of tracing person-to-person transmission and 

identifying point sources of outbreaks (Relman, 2011). In addition to identifying 

transmission events, the reproducible and digital nature of locally generated sequence 

data make this typing technique ideal for conducting surveillance at the national and 

international levels (Eyre et al., 2012). As sequencers are now available as bench top 
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machines, provide rapid turnaround time, and have an associated cost of approximately 

$150 (USD) per isolate that is decreasing as more sequencers enter the marketplace 

(Köser et al., 2012), whole-genome sequencing will play an important and vital role in 

the surveillance of HAIs. 

 

3.0 Clostridium difficile 

3.1 Background 

Clostridium difficile is a gram-positive, anaerobic, spore-forming bacterium that 

is the most commonly diagnosed cause of antimicrobial- and HA diarrhea, and is 

responsible for nearly all cases of pseudomembranous colitis (Poutanen and Simor, 2004; 

Bartlett et al., 1978). A significant concern in hospitals, C. difficile produces a wide 

spectrum of disease ranging from mild diarrhea to fatal pseudomembranous colitis, toxic 

megacolon, and colon rupture (Kuijper et al., 2007).  

Over the last decade, there has been a substantial increase in the severity and 

incidence of CDIs worldwide (He et al., 2013). This increase has been associated, in part, 

with the emergence of hypervirulent strains of C. difficile. However, other factors such as 

changes in antimicrobial use, especially involving fluoroquinolones, are likely involved 

(McDonald et al., 2005). During the late 1990s and early 2000s, fluoroquinolones were 

one of the most commonly prescribed antimicrobial classes in North America (Linder et 

al., 2005). Therefore, selective pressure for the acquisition and maintenance of 

fluoroquinolone resistance within healthcare institutions were at a significant peak (He et 

al., 2013). The acquisition of resistance to commonly used antimicrobials may have been 

a key determinant in the evolution and persistence of a significant C. difficile strain, 

ribotype 027/North American Pulsotype 1 (027/NAP1, referred to as ribotype 027), in 

hospitals (He et al., 2013). The identification of a separate acquisition of fluoroquinolone 

resistance and a conjugative transposon in two distinct epidemic C. difficile 027 lineages, 

fluoroquinolone-resistant (FQR) 1 and FQR2 (He et al., 2013), are theorized as the key 

genetic changes linked to the rapid emergence of C. difficile during the early 2000s (Loo 

et al., 2005; McDonald et al., 2005). Further investigation revealed that the FQR2 lineage 

had a more global distribution that resulted in several outbreaks in the United Kingdom 
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(Brazier et al., 2008), continental Europe (Bauer et al., 2011; Kuijper et al., 2008), and 

Australia (Richards et al., 2011). 

 

3.2 Hospital-associated and community-associated C. difficile 

Generally, CDI is considered a HA disease, and the majority of studies 

investigating risk factors have involved hospitalized individuals or those with close 

contact with the healthcare system. Reported risk factors for CDI include chemotherapy 

use, patient age, length of hospital stay, gastrointestinal stimulant administration, 

administration of enemas, administration of stool softeners, and antimicrobial use (Noren 

et al., 2004; Dial et al., 2004; Johal et al., 2004; Blot et al., 2003; Hutin et al., 1997; 

McFarland et al., 1990). Among antimicrobials, clindamycin (Climo et al., 1998), 

cephalosporins (Labbé et al., 2008), and fluoroquinolones (McDonald et al., 2005) have 

typically been considered to be higher risk for the development of CDI. A prospective 

surveillance study involving 1430 Canadian patients with HA-CDI identified several risk 

factors associated with a severe outcome (e.g., admission to the intensive care unit for 

complications of CDI, colectomy due to CDI, or death attributable to CDI) including age 

(≥ 18 years of age), hospital admission from another hospital or long-term care facility, 

liver disease, receipt of vancomycin as initial treatment, and alteration in the treatment 

for CDI (Gravel et al., 2009). 

Compared to HA-CDI, a limited number of studies have been conducted to 

identify risk factors associated with CA-CDI. Young people, pregnant women (CDC, 

2005), antimicrobial drug use, outpatient visits, gastroesophageal reflux disease, cardiac 

failure (Kutty et al., 2010), contact with an infant (≤ 2 years of age), hospitalization in the 

previous six months, and treatment provided for diarrhea (Wilcox et al., 2008) have all 

been reported as significant risk factors associated with CA-CDI. However, two major 

limitations among these studies are the lack of a standardized definition for CA-CDI, and 

the absence of both clinical specimens and data from patients in a community setting 

(Wilcox et al., 2008). Research investigating potential C. difficile sources in the 

community, and therefore possible risk factors associated with CA-CDI, has also been 

conducted. Identified sources of C. difficile in the community include soil and manure, 
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food and water, animal contact, and contact with diseased or asymptomatic individuals 

(Otten et al., 2010; Weese, 2010; al Saif and Brazier, 1996). 

 

3.3 Virulence 

The chief virulence factors that are currently recognized in C. difficile are two 

large clostridial toxins, an enterotoxin (toxin A; TcdA), and a cytotoxin (toxin B; TcdB) 

(Rupnik et al., 2005). These two toxins are responsible for modifying intracellular 

functions through the inactivation of Rho proteins (Just et al., 1995; Just et al., 1994). The 

genes encoding toxins A and B in addition to three accessory genes (two regulatory genes 

and a porin gene) are all located on a 19.6 kb chromosomal segment known as the 

pathogenicity locus (Spigaglia and Mastrantonio, 2002; Braun et al., 1996; Hammond 

and Johnson, 1995). 

A third large, unrelated toxin, CDT (Clostridium difficile transferase, a binary 

toxin), encoded by the genes cdtA and cdtB, has been identified in 6-84% of clinical C. 

difficile isolates (Martin et al., 2008ab; Loo et al., 2005; Pituch et al., 2005; Rupnik et al., 

2005; Gonclaves et al., 2004). This toxin belongs to the family of binary actin-ADP-

ribosylating toxins (Perelle et al., 1997; Popoff et al., 1988) that are produced by various 

pathogenic species of the genus Clostridium and Bacillus (Barth et al., 2004; Barbieri et 

al., 2002). Components of CDT, CdtA and CdtB, disrupt the assembly of the actin 

filament through ribosylation of monomeric G-actin and mediates cell-surface binding 

and intracellular translocation, respectively (Barth et al., 2004). Research has 

demonstrated that CDT induces formation of microtubule-based protrusions which 

enhances intestinal epithelial cell surface adherence and colonization by C. difficile 

(Schwan et al., 2009). At the epidemiological level, few studies have been conducted 

investigating clinical differences associated with CDT positive versus CDT negative C. 

difficile strains. Two studies have shown that patients with CDT positive C. difficile 

strains had a significantly higher total peripheral white cell count (Goldenberg and 

French, 2011), more severe CDI, or a higher case-fatality rate compared to patients 

infected with CDT negative C. difficile strains (Barbut et al., 2007). However, the 

specific role of CDT in the pathogenesis of C. difficile is unclear. 
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3.4 Ribotypes 027 and 078 

Ribotype 027 has been responsible for various outbreaks of CDI with increased 

severity, high relapse rates, and significant mortality in Canada (Loo et al., 2005; Pépin et 

al., 2005). This particular ribotype produces toxins A, B, and CDT, and has changes in 

the tcdC gene including an 18 bp deletion and a frameshift mutation due to a single bp 

deletion at position 117 (MacCannell et al., 2006). The large majority of evidence 

concerning the virulence and increased severity associated with ribotype 027 originates 

from studies conducted in outbreak settings (Wilson et al., 2010). However, some studies 

suggest that these severe outcomes (e.g., shock, paralytic ileus, pseudomembranous 

colitis, toxic megacolon, colectomy, admission to the intensive care unit, death caused by 

CDI or with CDI as a contributing factor) associated with ribotype 027 may not be 

accurate (Wilson et al., 2010; Cloud et al., 2009; Morgan et al., 2008). Studies 

investigating CDI patients identified with ribotype 027 versus other ribotypes, in a non-

epidemic hospital setting, were unable to establish a statistically significant association 

between ribotype 027 and disease severity (Cloud et al., 2009; Morgan et al., 2008) or 

death (Wilson et al., 2010).  

Despite the association of ribotype 027 with outbreaks, this ribotype is also 

common in endemic disease. In one study characterizing C. difficile isolates from 21 

Ontario diagnostic laboratories, ribotype 027 was recovered from 19.4% (209/1080) of 

stool samples (Martin et al., 2008b). Further research to explain the possible association 

between ribotype 027 and disease severity, in both outbreak and endemic hospital 

settings, is warranted. 

Another purportedly hypervirulent strain, ribotype 078, has been identified in 

hospitalized patients with CDI, with the incidence of CDI in Canada attributed to this 

strain, tripling from 0.5% (8/1785) in 2004 to 1.6% (6/371) in 2008 (Mulvey et al., 2010). 

This increase has also been reported in other countries (Goorhuis et al., 2008; Rupnik et 

al., 2008). Ribotype 078 is characterized by the presence of all three toxins (toxin A, 

toxin B, and CDT), possesses a 39-bp tcdC gene deletion, and contains a nonsense 

mutation at position 184 of the tcdC gene (Curry et al., 2007). In Canada, this particular 

ribotype has also been identified in various retail meats and food animals with the 

proportional prevalence ranging from 0-100% (Costa et al., 2012; Weese et al., 2011, 
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2010, 2009; Rodriguez-Palacios et al., 2009, 2007). Results from two human surveillance 

studies indicate that ribotype 078 appears to be over-represented in CA disease (Mulvey 

et al., 2010; Goorhuis et al., 2008) and the study of the epidemiology of this potentially 

emerging issue is required (Mulvey et al., 2010).  

 

3.5 C. difficile surveillance data in Canada 

In Canada, there is no population-based surveillance system in place for CDI 

(Simor, 2012); however, CDI data are available from surveillance conducted in sentinel 

hospitals across Canada (i.e., CNISP) or from surveillance conducted at the provincial 

level (Simor, 2012). 

In 1997, a CNISP study involving 18 Canadian hospitals reported a CDI 

incidence of 6 cases/1000 admissions and a 1.5% attributable mortality rate (Hyland et 

al., 2001). Shortly thereafter, a remarkable shift in the epidemiology of CDI occurred, 

largely attributed to the emergence and dissemination of ribotype 027 (Gravel et al., 

2009; Loo et al., 2005; Pépin et al., 2004; Valiquette et al., 2004). In Sherbrooke, 

Québec, one hospital noted that the incidence of CDI increased from 35.6 cases/100,000 

population in 1991 to 156.3 cases/100,000 population in 2003 (Pépin et al., 2004). In 

addition, the proportion of complicated CDI cases significantly increased from 7.1% in 

1991-1992 to 18.2% in 2003, as did the proportion of patients that died within the first 30 

days following diagnosis, from 4.7% in 1991-1992 to 13.8% in 2003. Similarly, national 

data from CNISP reported a significant four-fold increase from 1.5% to 5.7%, in the 

attributable mortality between their 1997 and 2004/2005 investigations (Gravel et al., 

2009). Although molecular typing was not conducted in either study, the researchers 

suggested that a more virulent C. difficile strain, ribotype 027, was likely responsible for 

the increase in CDI incidence (Gravel et al., 2009; Pépin et al., 2004).  

In March 2003, several hospitals in Québec experienced simultaneous outbreaks 

of severe CDI (Loo et al., 2005). As a result, in early 2004, a six-month surveillance 

study was implemented in 12 Québec hospitals (Loo et al., 2005). Results from this 

investigation revealed a CDI incidence of 22.5 cases/1,000 admissions (range, 10.2-39.9), 

a 30-day attributable mortality rate of 6.9%, and the occurrence of a severe outcome (e.g., 

patient died within 30 days following diagnosis attributable to CDI or if the patient 
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required colectomy or intensive care) in 15.3% of cases. Molecular typing of 157 C. 

difficile samples identified ribotype 027 from 82.2% of specimens.  

Just like MRSA, hospitals in Ontario were required to collect and report monthly 

data on CDI to the Ontario Ministry of Health and Long-term Care for posting on a 

public accessible website starting in September 2008 (Ontario Hospital Association, 

2009). Daneman and colleagues (2012) assessed the change in hospital-specific rates of 

CDI prior to and following the mandatory reporting period. Data were collected from 

patients >1 year of age who were admitted to one of 180 hospitals in Ontario between 

April 1, 2002 to March 31, 2010. Prior to September 2008, the overall rates of C. difficile 

increased from 7.01 cases/10,000 patient days in 2002 to 10.79 cases/10,000 patient days 

in 2007. The C. difficile rate then decreased to 8.92 cases/10,000 patient days in the first 

calendar year of reporting. In general, over the reporting period, there was a 26.7% 

reduction in C. difficile rates, equating to approximately 1,970 C. difficile cases. 

However, results from this study should be interpreted with caution due to the presence 

of unmeasured temporal confounders (e.g., changes in strain prevalence and 

antimicrobial stewardship practices) and the inclusion of C. difficile cases identified as 

HA, CA, or indeterminate. Furthermore, the decrease in C. difficile rates may have 

simply been a result of hospitals strictly adhering to best practices in C. difficile 

prevention due to mandatory public reporting of rates (Daneman et al., 2012). 

 

3.6 Molecular typing of C. difficile 

As with MRSA, molecular typing methods are critical for the evaluation of the 

epidemiology of C. difficile and CDI. Various typing methodologies are available, but 

polymerase chain reaction (PCR) ribotyping, PFGE, and toxinotyping are the most 

commonly used methods in the published literature (Gal et al., 2005; Spigaglia et al., 

2001; Bidet et al., 2000; Bidet et al., 1999). Ribotyping, based on polymorphisms located 

in the 16S-23S intergenic region, is most commonly used internationally as it is a rapid, 

reproducible technique that can type all C. difficile strains. However, limitations of 

ribotyping include lack of standardization, concerns regarding discriminatory power, and 

inter-laboratory variation. Pulsed-field gel electrophoresis is more discriminatory and 

allows for more standardized analysis, with the ability to classify broad epidemic clones, 
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for example NAP types. However, PFGE is technically demanding, lacks common 

nomenclature, and is subjective with respect to the interpretation of results (Murchan et 

al., 2003). Toxinotyping differentiates C. difficile strains by detecting polymorphisms in 

the B1 and A3 fragments, two of the 10 fragments that comprise the pathogenicity locus 

(Rupnik et al., 1998). Although toxinotyping has limited discriminatory power (Gould 

and Limbago, 2010), it is a standardized, objective technique that is typically used as a 

secondary typing tool. Frequently, PFGE and ribotyping are used in parallel to provide 

additional information and to allow for direct comparison between studies that have used 

either technique (Mulvey et al., 2010). 

 

3.7 Molecular epidemiology of C. difficile in Canada 

 Molecular studies conducted in Canada characterizing C. difficile have identified 

several different strains disseminated in the patient population. However, caution is 

required when interpreting and comparing these studies due to different design 

methodologies. These differences include the number of samples obtained for analysis, 

length of surveillance period, single versus multicentre study, the presence or absence of 

corresponding clinical data, epidemiological characterization of CDI as HA or CA, and 

the typing technique employed. 

In a study conducted by Martin and colleagues (2008b), 39 distinct PCR ribotype 

patterns were identified among 1,080 stool samples obtained from Ontario diagnostic 

laboratories. The most prevalent ribotype was 001 (25.5%) followed by 027 (19.4%). 

Ribotype 078 was identified from only 1.6% (n=17) of clinical specimens. Results from a 

study conducted in an acute care hospital in Prince Edward Island, identified 22 different 

ribotypes from 105 stool samples (Martin et al., 2008a). In this investigation, the most 

prevalent ribotype identified was 001 (18%). Ribotypes 027 and 078 were identified from 

4.7% and 2.9% of clinical specimens, respectively. As epidemiological and clinical data 

were not obtained in either study, classification and analysis of the molecular data were 

not possible.  

In Québec, 478 HA-CDI positive stool samples from 58 hospitals were 

characterized using PFGE (Hubert et al., 2007). Results revealed 61 different PFGE 

patterns with pulsovars A (57%), B (10%), and B1 (8%) being the most prevalent. 
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Specifically, pulsovar A was identical to ribotype 027 and pulsovars B and B1 were 

identical to ribotype 001. At the national level, during a six month surveillance period, 

1,008 HA-CDI isolates from 34 hospitals across Canada were analyzed using PFGE. 

Eight different NAP clusters were identified using PFGE with approximately 29% of C. 

difficile isolates not clustering with a known NAP type (Miller et al., 2010). Although the 

researchers had access to a large patient database, CNISP hospitals, as previously 

discussed, may not be generally representative of Canadian hospitals or the patient 

population (Miller et al., 2010). 

 

4.0 MRSA and C. difficile in the Hospital Environment 

The diversity in the design of studies investigating MRSA and C. difficile 

contamination in the hospital environment (e.g., patient rooms, general ward 

environment) should be kept in mind when interpreting and comparing results. 

Specifically, the large range in prevalence data for MRSA and C. difficile contamination 

may be attributed to several factors including the number of patient rooms and surfaces 

investigated for contamination, sampling of surfaces in isolation rooms (e.g., patient has 

been isolated because of MRSA or C. difficile status) versus non-isolation rooms (e.g., 

patient has not been isolated or identified with MRSA or C. difficile), sampling times 

(endemic versus outbreak settings), the presence of colonized and/or infected patients 

during sampling, sampling in different hospital wards, sampling pre- and post-

disinfection, sampling surfaces once versus multiple times, the identification of specific 

strains (e.g., toxigenic C. difficile), pooling samples versus individual sampling of 

environmental surfaces, and the application of different sampling techniques (e.g., swab, 

sponge, contact plate) and culturing methodologies (e.g., enrichment broth, culture 

plates).  

 

4.1 Environmental surfaces 

There is increasing evidence that the environment may play a significant role in 

the transmission of HA pathogens; however, the precise role of environmental 

contamination in HAIs remains unclear (Dancer, 1999). The ability of contaminated 

environmental surfaces contributing to the transmission of HA pathogens is dependent on 
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a number of factors including whether levels of contamination are sufficiently high to 

result in transmission to patients, the frequency at which surfaces are contaminated, and 

the ability of pathogens to remain viable on various surfaces (Boyce, 2007). As levels of 

environmental contamination with HA pathogens increase, so does the prevalence of 

healthcare worker hand carriage (Dettenkofer et al., 2011; Samore, 1999). However, 

patients and visitors are just as likely as staff to touch contaminated surfaces (Dancer, 

2010) and possibly transmit pathogens in the healthcare setting.  

Staphylococcus aureus is able to survive adverse environmental conditions and 

persist in the hospital environment (Conly and Johnston, 2003); survival for close to one 

year in hospital dust has been reported (Wagenvoort et al., 2000). Experiments conducted 

using swatches of fabric and plastic have demonstrated that staphylococci can survive 

days to months after drying on these types of surfaces, surfaces which are commonly 

found in the hospital environment (Neely and Maley, 2000).  In addition, MRSA strains 

have been documented as remaining viable for up to 14 days on formica surfaces, and up 

to six to nine weeks on cotton-blanket material (Duckworth and Jordens, 1990; Beard-

Pegler et al., 1988). Even more tolerant is C. difficile. Despite being a fastidious anaerobe 

whose vegetative form will die quickly when exposed to oxygen, C. difficile spores are 

highly resistant to environmental effects and many commonly used disinfectants (Fawley 

and Wilcox, 2001; Kim et al., 1981). Spores can survive for months to years in the 

hospital environment, unless physically removed or exposed to a sporicidal disinfectant 

(Mutters et al., 2009). Furthermore, environmental contamination with spores of C. 

difficile is considered to be a risk factor for the acquisition of C. difficile by patients 

(Kaatz et al., 1988).  

 

4.2 Patient rooms 

In patient rooms, the prevalence of MRSA contamination in the hospital 

environment has ranged from 1% to 74% (Rohr et al., 2009; Boyce, 2007; French et al., 

2004); and for C. difficile, from 16% to 100% (Dumford et al., 2009; Dubberke et al., 

2007; Eckstein et al., 2007; Verity et al., 2001). Environmental surfaces in patient rooms 

reported to be contaminated with MRSA or C. difficile have included floors (Rampling et 

al., 2001; Verity et al., 2001; Boyce et al., 1997), linens (Sexton et al., 2006; Boyce et al., 
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1997), medical equipment (Boyce et al., 1997), beds (Chang et al., 2009; Sexton et al., 

2006; Rampling et al., 2001; Verity et al., 2001; Boyce et al., 1997), chairs (Martirosian 

et al., 2006), overbed tables (Rohr et al., 2009), call buttons, and telephones (Chang et al., 

2009; Eckstein et al., 2007). However, many of the reported data are derived from 

environmental surveys. Specific environmental factors (e.g., type of surface material) that 

may be associated with MRSA or C. difficile contamination have not been investigated. 

Several studies have established that molecular characterization of MRSA and C. 

difficile from environmental surfaces in patient rooms are generally indistinguishable 

from patient isolates (Dancer et al., 2009; Fawley and Wilcox, 2001; Rampling et al., 

2001). Furthermore, environmental sites closer to a patient are more likely associated 

with an infection risk than surfaces situated further away (Dancer et al., 2008; White et 

al., 2008).  

The frequency of environmental contamination in patient rooms varies depending 

on the anatomical site at which patients are infected or colonized (Boyce, 2007), and the 

time prior to and following treatment (Sethi et al., 2010). Boyce and colleagues (1997) 

determined that 36% (90/250) of cultures obtained from environmental surfaces in rooms 

of patients identified with MRSA in wounds or urine were positive for MRSA compared 

to 6% (6/100) of MRSA positive cultures from rooms with patients who had MRSA in 

sputum, blood, or conjunctivae. Sethi et al (2010) followed 52 patients receiving 

treatment for CDI and sampled environmental surfaces in patient rooms prior to 

treatment, every 2-3 days during treatment, and weekly while patients were hospitalized. 

Based on ribotyping, 82% of environmental isolates were genetically identical to the 

patient‟s stool isolates. Furthermore, the frequency of C. difficile contamination in 

patient‟s rooms was exceptionally high prior to treatment (approximately 90%), 

decreased at the time of resolution of diarrhea (37%), continued to decrease at the end of 

the treatment period (14%), but then increased following treatment (50%). These findings 

indicate that infection control measures (e.g., contact precautions, cleaning and 

disinfection protocols) should be continued beyond resolution of the patient‟s diarrhea, as 

ongoing contamination of the environment may increase the risk of transmission (Sethi et 

al., 2010). 
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4.3 General ward environment 

Compared to patient‟s rooms, a limited number of studies have been published 

surveying the general ward environment (e.g., nursing stations, physician work areas, and 

visiting rooms) for MRSA or C. difficile contamination. The prevalence of MRSA 

contamination in the general hospital environment has ranged from 0.6% to 54% (Shelly 

et al., 2011; Dancer, 2008; Dancer et al., 2006; Panhotra et al., 2005; Bures et al., 2000), 

and for C. difficile, from 2.8% to 50% (Eckstein et al., 2007; Martirosian, 2006; 

Pulvirenti et al., 2002; Kaatz et al., 1988; Malamou-Ladas et al., 1983).  

Dancer and colleagues (2009) screened computer keyboards, desks, and patient 

notes located in nursing work stations in two surgical wards for MRSA contamination 

during a year-long investigation. In nurses‟ work stations, 2.2% of samples were positive 

for MRSA. Dumford and colleagues (2009) conducted a point-prevalence culture survey 

for toxigenic C. difficile strains in physician and nurse work areas, specifically targeting 

portable medical equipment, telephones, tabletops, computer keyboards, and door knobs 

on eight different wards. Clostridium difficile contaminated 31% and 10% of surfaces in 

physician and nursing work areas, respectively. Strains of MRSA have been recovered 

from the general hospital environment were indistinguishable from those of patients and 

vice versa (Dancer et al., 2009). In some cases, strains were recovered from different sites 

throughout the hospital ward, sometimes weeks apart, acting as potential reservoirs of 

contamination (Dancer et al., 2009). These findings demonstrate that the contamination 

of the environment with MRSA and C. difficile extends well beyond the confines of a 

patient‟s room. Investigations exploring the contamination of surfaces in the general ward 

environment and the role of these surfaces in transmission events and HAIs merit 

consideration. 

 

4.4 Concurrent contamination with MRSA and C. difficile  

As previously discussed, several studies have been conducted to enhance the 

infection control community‟s understanding of the epidemiology of environmental 

contamination and transmission of MRSA (Chang et al., 2009; Dancer et al., 2009; Rohr 

et al., 2009; Rampling et al., 2001; Boyce et al., 1997) and C. difficile (Dumford et al., 
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2009; Martirosian et al., 2006; Verity et al., 2001; Malamou-Ladas et al., 1983) within 

healthcare facilities. However, these studies have generally focused on one pathogen.  

 Only one study has been performed, concurrently evaluating the roles of MRSA 

and C. difficile in the hospital environment, specifically in patient rooms. A culture 

survey of 50 privacy curtains on seven wards in an acute care hospital identified MRSA 

on 22% (n=11), and C. difficile on 4% (n=2) of curtains sampled (Trillis et al., 2008). 

Information regarding the number of privacy curtains that were contaminated 

concurrently with MRSA and C. difficile was not provided. There was a higher 

prevalence of MRSA contamination from curtains in isolation rooms compared to non-

isolation rooms; this finding was non-significant but close to the rejection threshold. 

However, this study had several limitations including a small sample size, the 

identification of contamination on only one specific environmental surface, and the lack 

of molecular typing of recovered MRSA and C. difficile strains from privacy curtains. 

Research evaluating the roles of MRSA and C. difficile concurrently in the 

general hospital environment has not been conducted and potential associations or 

commonalities between these two pathogens have not been investigated. Given the 

different susceptibilities to disinfectants, an understanding of the epidemiology of C. 

difficile and MRSA in the environment, in parallel study, can help infer sources of 

contamination. Furthermore, information pertaining to risk factors for environmental 

contamination, such as specific environmental surfaces sampled or type of surface (e.g., 

fabric versus plastic), have not been explored longitudinally, outside of an outbreak 

situation. 

 

4.5 Sampling and microbiological strategies 

A variety of sampling techniques have been employed to recover MRSA and C. 

difficile from the hospital environment including dry or moistened culture swabs 

(Rampling et al., 2001), sterile electrostatic cloths (Murphy et al., 2010), sponges (Best et 

al., 2010), and contact plates (Sexton et al., 2006). Experiments have demonstrated that 

contact plates have a higher sampling efficiency compared to culture swabs for the 

recovery of MRSA (Obee et al., 2007) and C. difficile (Buggy et al., 1983). Although 

contact plates can cover a larger area than culture swabs, contact plates are typically 
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limited to sampling flat surfaces whereas culture swabs can be used on irregular surfaces 

(Obee et al., 2007). Like culture swabs, electrostatic cloths can be used to sample 

irregular surfaces and are also inexpensive, easily accessible, and can be easily sterilized 

(Murphy et al., 2010). Additionally, the electrostatic effect may help increase recovery of 

dust and bacteria, and cloths are more amenable to sampling of irregular surfaces and 

large surface areas.  

Several microbiological methods have been used for processing MRSA and C. 

difficile including various plating techniques (e.g., direct and selective) and the use of 

enrichment broth. One study demonstrated that there was a significantly higher rate of 

recovery for MRSA when broth was used (272/296; 91.9%) than for direct plating 

(201/296; 67.9%) or selective media (216/296; 73%) (McAllister et al., 2011). The use of 

enrichment broth prior to plating resulted in a significantly higher rate of C. difficile 

being recovered than selective media (69/100) or alcohol shock followed by direct plating 

(72/100) (Arroyo et al., 2005). However, in these studies, samples from patients, not the 

hospital environment, were used for evaluation; sampling site (e.g., nasal versus groin for 

MRSA) and the number of bacteria present may influence results. 

 

5.0 MRSA and C. difficile Cluster Detection Methods 

5.1 Surveillance within the hospital 

 Surveillance of MRSA and C. difficile in healthcare facilities is vital to establish 

baseline infection and/or colonization rates, provide data for comparison between 

facilities or wards, identify risk factors for acquisition and transmission, create evidence-

based interventions, evaluate control measures, and identify clusters or outbreaks (Platt et 

al., 2001). In the hospital setting, surveillance activities can be categorized as passive, 

active, or virtual (Peterson and Brossette, 2002). Passive surveillance involves a strategy 

where personnel untrained in epidemiology or infection control detect a pattern of 

unusual infections or issues during the routine course of patient care (Peterson and 

Brossette, 2002). Although this particular method requires the fewest resources, it is the 

least desirable form of surveillance as it is unreliable and can lead to the underestimation 

of significant problems (Peterson and Brossette, 2002). Alternatively, active surveillance 

incorporates trained infection control personnel and data from multiple sources to detect 
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issues at an early stage (Peterson and Brossette, 2002). For example, the examination of 

patient data to screen high risk patients, track patient movement, and identify contacts to 

elucidate transmission events during an investigation. In addition, laboratory data can be 

monitored to identify new, rare, or atypical pathogens, analyze antibiograms for changes 

in antimicrobial resistance patterns, identify an increase in the number of submitted 

specimens and the number of diagnosed pathogens using historical figures, and determine 

molecular characteristics of pathogens for investigational purposes. Virtual surveillance, 

which is the application of mathematical models for surveillance purposes, has also been 

proposed to assist in the control of HAIs (Peterson and Brossette, 2002). 

In healthcare settings, the definition of an outbreak can rely on rule-based criteria; 

criteria that may be prone to error since they fail to address changes in population size or 

random variation (Huang et al., 2010). The identification of a false outbreak results in the 

waste of hospital resources due to investigational procedures and possible interventions, 

but a delay in identifying an outbreak may result in increased costs (e.g., testing, patient 

isolation, environmental services) and an increase in the size of an outbreak (Huang et al., 

2010). Therefore, researchers have examined whether or not the application of statistical 

methods enhances the identification of disease clusters in the hospital setting (Huang et 

al., 2010; Mellmann et al., 2006; Rexach et al., 2005; Kroker et al., 2001). By 

understanding the clustering of infectious diseases, spatially and/or temporally, potential 

risk factors may be identified (e.g., Torabi and Rosychuk, 2011; Pearl et al., 2006), 

detailed investigations to determine the association between exposures and disease 

interventions can be facilitated (e.g., Jennings et al., 2005), and outbreaks may be 

detected in a more timely manner (e.g., Pearl et al., 2006). 

 

5.2 Cluster detection for MRSA 

Historically, the public health community has relied on physicians and other 

healthcare related workers to identify increases in disease cases for outbreak detection 

(Kulldorff et al., 2005).  However, with increasing availability of timely electronic 

surveillance data from various sources (e.g., hospitals, laboratories, pharmacies), the use 

of analytical methods may lead to earlier detection of disease clusters or outbreaks 

(Kulldorff et al., 2005) and enable public health personnel to implement disease control 
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and prevention measures at the earliest possible time (Tango et al., 2011). For detecting 

MRSA outbreaks in healthcare facilities, three statistical methods have been explored 

including binary cumulative sums, moving averages, and scan test statistics. 

The applications of both binary cumulative sums and moving averages statistical 

techniques have been investigated for their ability to detect an MRSA outbreak in a 

paediatric hospital. Moving averages (MAs) are a set of methods for smoothing data by 

creating a series of averages over consecutive subsets of a full data set. By graphically 

displaying MAs, it is possible to discern long term trends that may be obscured by short 

term fluctuations (Porta, 2008). In the cumulative sums (CUSUM) method, according to 

the measurements of quality of serial items, increments are added or decrements are 

subtracted from a running total. The CUSUM is followed over time until a statistically 

significant change in quality to a predetermined level is observed or the null hypothesis 

(i.e., no change) is accepted (Brown et al., 2002). A binary form of the CUSUM exists 

where failure and success are rated as 1 and 0, respectively (Brown et al., 2002). In the 

investigation conducted by Brown and colleagues (2002), antimicrobial resistance was 

used as the quality indicator for individual isolates. Although both statistical methods 

were capable of detecting an MRSA outbreak in simulated real-time, the investigation 

had several limitations. First, only one MRSA outbreak was investigated using these two 

methods, therefore results should be interpreted with caution until studies using a larger 

number of outbreaks are conducted. Second, as this investigation was conducted 

retrospectively, the ability of these two methods to identify MRSA outbreaks 

prospectively has not been examined. Third, the comparison of these methodologies to 

routine surveillance techniques conducted by hospital personnel has not been studied. 

Lastly, as the researchers pointed out, these methods may not be suitable in hospitals 

were the MRSA incidence rate is moderately high as these two techniques were effective 

in a facility with a relatively low incidence rate of MRSA (Brown et al., 2002). 

Various scan test statistics are available to detect and evaluate clusters of cases or 

disease in a temporal, spatial, or space-time setting (Kulldorff, 2010). The scan statistic 

involves a window that is gradually moved across time and/or space. The number of 

observed and expected observations inside the window is compared to outside the 

window, at the location and time period, with the greatest excess of observed cases noted 
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(Kulldorff, 2010; Kulldorff et al., 2005). The window identified as the least likely due to 

chance is subsequently evaluated by a maximum likelihood ratio test with a test decision 

based on a Monte-Carlo simulated P-value (Kulldorff, 2010). For the space-time scan 

statistic, a cylindrical window is used to determine the presence of clusters (Kulldorff et 

al., 1998). The base of the cylinder is centred on one of many centroids located 

throughout the study area, with the radius varying in size (Kulldorff et al., 1998). The 

base reflects the spatial scan statistic whereas the height reflects the time period of the 

potential cluster (Kulldorff, 2010). The cylindrical window is then moved in space and 

time, and a number of overlapping cylinders are obtained with each cylinder reflecting a 

possible cluster (Kulldorff, 2010). To date, all scan statistics have required population-at-

risk, a control group, or other data that provide information regarding the geographical 

and temporal distribution of the underlying population-at-risk (Kulldorff et al., 2005). 

However, Kulldorff and colleagues (2005) have developed a space-time permutation scan 

statistic that may be used prospectively to regularly scan a geographical region for 

outbreaks of any location or size or for detecting changes in the pattern of chronic 

diseases. An advantage of using this specific type of scan statistic, given that population-

at-risk data are sometimes unavailable or unreliable, is that only case data are required 

(Kulldorff et al., 2005). 

Studies exploring the application of the scan statistic for detecting MRSA 

outbreaks in the hospital setting are limited. In one study conducted in an academic 

medical centre in the United States over a five year period, seven significant MRSA 

clusters were identified using a space-time permutation scan statistic applied to 

microbiology data (Huang et al., 2010). During this same period, infection control 

personnel identified 73 MRSA outbreaks by routine surveillance; only one outbreak was 

concordant with the space-time permutation scan statistic. Interestingly, three of the 

MRSA clusters were identified based on antimicrobial susceptibility profile. Identifying 

potential MRSA outbreak cases using antimicrobial susceptibility data may result in the 

misclassification of patients as being part of an outbreak as two MRSA isolates may have 

identical antibiograms but differ genotypically (Kösser et al., 2012). However, a major 

limitation of the study conducted by Huang and colleagues (2010) was the lack of 

molecular data for validating clusters.  
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Only one other investigation incorporating the scan statistic has been conducted to 

identify MRSA clusters in a hospital setting. A retrospective temporal scan statistic was 

used to analyse data from an academic medical institution in Germany. Thirteen 

significant MRSA clusters were identified, only five of which were identified by hospital 

personnel (Mellmann et al., 2006). Typing of MRSA isolates was conducted to 

characterize each cluster at the molecular level with cases in each cluster identified with 

the same spa type. However, these clusters were used as a gold standard to specifically 

evaluate the effectiveness of three different algorithms for detecting MRSA clusters 

within the hospital (Mellmann et al., 2006).  

The two aforementioned studies demonstrated that the application of the scan 

statistic in the hospital setting can result in the identification of several significant MRSA 

clusters not recognized by hospital personnel. However, both of these investigations were 

conducted in large academic institutions (≥ 750 beds) located in urban centres. Patient 

numbers, patient population characteristics, and the severity and scope of clinical 

conditions may vastly differ from community hospital patient populations. To determine 

if the application of the scan statistic to data from community hospitals will have similar 

results as those presented by Huang (2010) and Mellmann (2006), further studies are 

required. 

 

5.3 Cluster detection for C. difficile 

Two studies, both utilizing the Knox test, have evaluated temporal and spatial 

analyses for detecting C. difficile clusters in the hospital setting. The Knox test 

determines whether clustering in time and space has occurred among cases due to 

possible infectious disease transmission, with the test statistic examining the cases that 

are close in both time and space to another case (Knox, 1964ab). To use this statistical 

method, the separation in time and space for each pair of cases is calculated with the 

number of case pairs compared with a critical time-space separation that is established 

based on biological knowledge of the disease (Rexach et al., 2005). Next, for each case 

pair, the actual time and space separation is compared with the critical time-space 

separation  and a Poisson test statistic is applied to determine whether the number of case 
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pairs observed with less than the critical time and space was the same as the number 

expected (Rexach et al., 2005). 

One study employing the Knox test, conducted on four wards in a Children‟s 

hospital, identified 149 statistically significant C. difficile cluster pairs during a four 

month period (Rexach et al., 2005). When cases from each ward were classified based on 

the toxin status of their C. difficile isolate (i.e., positive or negative), only four significant 

cluster pairs were identified on two wards. Different C. difficile strains may have 

identical toxin profiles (Martin et al., 2008b), but data pertaining to banding patterns of 

the isolates within each cluster pair were not provided. Therefore, it is not known if these 

cluster pairs represent true transmission events and resultant clusters or outbreaks. Kroker 

and colleagues (2001) identified six statistically significant C. difficile cluster pairs 

covering eight medical wards of an adult hospital. However, as patient specimens were 

not collected during the investigation, these clusters could not be validated at the 

molecular level. 

Compared to MRSA, very little research has been directed towards investigating 

cluster detection techniques for C. difficile. Studies exploring the spatial and/or temporal 

scan statistic for detecting CDI clusters in healthcare facilities, and validating these 

clusters using molecular data, have not been performed. 

 

6.0 Thesis Objectives 

 The preceding literature review has demonstrated that the majority of surveillance 

data on MRSA and C. difficile in Canadian hospitals are derived from tertiary care 

facilities located in metropolitan areas that may not be representative of other healthcare 

facilities, including community hospitals. While MRSA and C. difficile are important 

pathogens and share some epidemiological features, there has been little to no research 

evaluating the relationship between these two critical pathogens in the hospital 

environment and the effectiveness of temporal and/or spatial analyses for the detection 

and evaluation of MRSA and C. difficile clusters in community hospitals. By conducting 

this research, the data obtained can be used to assess and implement effective control 

measures for reducing environmental contamination, detect outbreaks at an earlier point 
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in time, and contribute to the generation of hypotheses regarding the transmission of 

MRSA and C. difficile within the hospital setting. 

 To better understand the epidemiology of MRSA and C. difficile in community 

hospitals, the following research objectives were established: 

1) Determine the prevalence of MRSA and C. difficile contamination in the 

environment of community hospitals (Chapters 2 and 3); 

2) Compare the prevalence of MRSA and C. difficile contamination of different types 

of surfaces (e.g., material, location) (Chapters 2 and 3); 

3) Identify risk factors associated with MRSA and C. difficile contamination in the 

hospital environment (Chapters 2 and 3); 

4)  Use molecular techniques to characterize MRSA and C. difficile strains in the 

hospital environment and compare environmental and patient MRSA and C. 

difficile strains (Chapters 2 and 3); 

5) Investigate the utility of cluster detection methods to investigate outbreaks of 

MRSA and C. difficile and validate statistically significant clusters using molecular 

typing techniques and hospital records concerning known MRSA and C. difficile 

outbreaks (Chapters 4 and 5); and 

6) Determine if there are statistically significant differences in the rates of MRSA and 

C. difficile cases by month, season, and year using regression models (Chapters 4 

and 5). 
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Table 1.1: Comparison of general epidemiological, microbiological, and molecular characteristics of hospital-associated and 

community-associated methicillin-resistant Staphylococcus aureus. 

 

 

MRSA: Methicillin-resistant Staphylococcus aureus 

PVL: Panton-Valentine leukocidin 

SCCmec: Staphylococcal chromosomal cassette 

CMRSA: Canadian epidemic MRSA strain  

PFGE: Pulsed-field gel electrophoresis 

1
 Kowalski et al., 2005; 

2
 Charlebois et al., 2004; 

3
 Christianson et al., 2007; 

4 
Klevens et al., 2006a; 

5 
Naimi et al., 2003;  

6 
Strandén et al., 2009; 

7 
Zetola et al., 2005 

Characteristics Hospital-associated MRSA Community-associated MRSA 

Groups at risk
1,2 Hospitalized, long-term facilities, intensive care unit, 

presence of indwelling catheters, undergoing dialysis 
Children, aboriginals, athletes, prisoners 

Antimicrobial resistance
1,2 

Multidrug Beta-lactams 

Clinical presentation
1,2 Surgical-site infections, pneumonia, catheter-related 

infections 

Skin and soft tissue infections, necrotizing 

pneumonia, necrotizing fasciitis 

Presence of PVL toxin
1,2 

Rare Frequent 

SCCmec
4, 5, 6, 7 

I, II, III, IV, V, VII 

CMRSA epidemic strains  

based on PFGE
3 1, 2, 3, 4, 5, 6, 8, 9 7, 10 
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Chapter 2 

The identification and epidemiology of methicillin-resistant Staphylococcus aureus 

and Clostridium difficile in patient rooms and the ward environment 

 

(Faires MC, Pearl DL, Berke O, Reid-Smith RJ, Weese JS. BMC Infect Dis 2013;13:342) 

 

Abstract  

Research has indicated that the environment may play an important role in the 

transmission of methicillin-resistant Staphylococcus aureus (MRSA) and Clostridium 

difficile in healthcare facilities. Despite the significance of this finding, few data exist 

from longitudinal studies investigating MRSA and C. difficile contamination 

concurrently, in both patient rooms and the general ward environment. The objectives of 

this study were to determine the prevalence of MRSA and C. difficile contamination in 

patient rooms and the ward environment and identify risk factors associated with a 

surface being contaminated with these pathogens. 

 Environmental surfaces in patient rooms and the general environment in the 

medical and surgical wards of a community hospital were sampled six times over a 15 

week period. Sterile electrostatic cloths were used for sampling and information 

pertaining to the surface sampled was recorded. MRSA isolates and C. difficile specimens 

were obtained from hospitalized patients. Enrichment culture was performed and spa 

typing or ribotyping was conducted for MRSA or C. difficile, respectively. Exact logistic 

regression models were constructed to examine risk factors associated with MRSA and 

C. difficile contamination. 

 Sixteen (41%) patient rooms had ≥ 1 surfaces contaminated with MRSA and/or C. 

difficile. For 218 surfaces investigated, 3.2% and 6.4% were contaminated with MRSA or 

C. difficile, respectively. Regression models indicated that surfaces in rooms exposed to a 

C. difficile patient had significantly increased odds of being contaminated with C. difficile 

compared to surfaces in unexposed patient rooms. Additionally, compared to plastic 

surfaces, cork surfaces had significantly increased odds of being contaminated with C. 

difficile. For 236 samples collected from the ward environment, MRSA and C. difficile 

were recovered from 2.5% and 5.9% of samples, respectively. Overall, the majority of 
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MRSA and C. difficile strains were molecularly identified as spa type 2/t002 (84.6%, 

n=11) and ribotype 078 (50%, n=14), respectively. 

 In patient rooms and the ward environment, specific materials and locations were 

identified as being contaminated with MRSA or C. difficile. These sites should be 

cleaned and disinfected with increased vigilance to help limit the transmission and 

dissemination of MRSA and C. difficile within the hospital. 

 
1.0 Introduction 

 In Canadian hospitals, the incidence of methicillin-resistant Staphylococcus 

aureus (MRSA) infections and colonization has increased 17-fold from 1995 to 2007 

(Simor et al., 2010) and remains a leading cause for a range of opportunistic infections 

(Simor et al., 2010). Similarly, Clostridium difficile infection (CDI) has also increased in 

incidence and severity including a four-fold increase in attributed mortality (Gravel et al., 

2009), and is the most commonly diagnosed cause of hospital-associated (HA) and 

antimicrobial-associated diarrhea (Poutanen and Simor, 2004). 

Patients are the main reservoirs of both these pathogens, but there is increasing 

evidence that the hospital environment may play a significant role in the transmission of 

MRSA (Dancer et al., 2009) and C. difficile (Boyce et al., 2008).The ability of 

contaminated surfaces contributing to the transmission of HA pathogens relies on several 

determinants including the frequency at which surfaces are contaminated, if levels of 

contamination are sufficiently high to result in transmission, and the ability of pathogens 

to remain viable on various surfaces (Boyce, 2007). Staphylococcus aureus (Wagenvoort 

et al., 2000) and C. difficile spores (Mutters et al., 2009) are able to survive and persist in 

the hospital environment for months. As levels of environmental contamination with 

these HA pathogens increase, the prevalence of healthcare worker hand carriage also 

increases (Dettenkofer et al., 2011; Samore, 1999). Additionally, patients and visitors 

may be exposed to contaminated surfaces, creating further potential for acquisition or 

transmission of MRSA and C. difficile in the healthcare setting and the community. 

Studies investigating contamination of hospital surfaces have primarily focused 

on MRSA or C. difficile. There has been limited research investigating environmental 

contamination with both of these pathogens, concurrently, in healthcare facilities. 
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Furthermore, potential associations or commonalities between environmental 

contamination with MRSA and C. difficile, in both patient rooms and the ward 

environment, have not been explored. Given the different sources of MRSA and C. 

difficile contamination, nasal/wound versus fecal, and different susceptibility to 

disinfectants, an understanding of the epidemiology of MRSA and C. difficile in the 

environment, in parallel study, can help indentify sources of contamination and potential 

factors associated with contamination. The data obtained from this research can then be 

used by hospital personnel to evaluate hospital infection protocols and procedures. 

The objectives of this investigation were to determine the prevalence and identify 

risk factors associated with MRSA and C. difficile contamination in patient rooms and the 

general ward environment of a community hospital, and to compare MRSA and C. 

difficile strains between patients and the contaminated environment. 

 

2.0 Materials and Methods 

2.1 Study site 

The participating healthcare facility is a 260-bed large community hospital 

located in southern Ontario, Canada. Starting in December 2010, environmental sampling 

of patient rooms and the general hospital environment in the medical and surgical wards 

was conducted during six visits over a 15 week period. Sampling was conducted once a 

week for three consecutive weeks during weeks 1-3 (visits 1-3) and weeks 13-15 (visits 

4-6). During the study period, the MRSA colonization and infection rate ranged from 

0.38 – 1.93 cases/1,000 patient days and the CDI rate ranged from 0.19 – 0.83 

cases/1,000 patient days. Although a C. difficile outbreak did not occur during the study 

period, the hospital did experience an MRSA outbreak between weeks 8 and 13 and an 

influenza outbreak between weeks 9 and 11. However, both outbreaks occurred in wards 

not involved in this investigation. For environmental sampling in patient rooms, verbal 

consent from patients, or from a parent in the case of a child, was required prior to 

sampling. Written informed consent was not required as surfaces sampled in patient 

rooms belonged to the hospital and sampling of patient‟s personal belongings was not 

conducted. The University of Guelph and the hospital research ethics boards approved 

this study (REB #09JL016). 
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2.2 Sampling  

Sampling of environmental surfaces was conducted in patient rooms and the ward 

environment of one surgical ward and two medicine wards, identified as medicine A and 

medicine B. Three different types of patient rooms were sampled for contamination. An 

unexposed room had a patient not identified with MRSA or a CDI and was not under 

isolation precautions. A C. difficile exposed room had a patient identified with a CDI, 

based on clinical signs and a positive stool toxin ELISA test (Tox A/B Quik Chek, 

TechLab, Blacksburg, Virginia, USA), and was under isolation precautions. An MRSA 

exposed room had a patient identified with an MRSA infection and/or colonization, based 

on microbiological diagnosis, and was under isolation precautions. In the participating 

hospital, targeted surveillance for MRSA is conducted based on recommendations 

provided by a Provincial Infectious Disease Advisory Committee (Public Health Ontario, 

2013). Briefly, at the time of hospital admission, patients identified as having an 

increased risk for MRSA acquisition (e.g., specific risk factors, wounds, incisions, 

catheter sites) were screened. For patients located on high risk units (e.g., intensive care 

unit), universal admission screening is performed. During hospitalization, surveillance 

cultures are not routinely conducted. Furthermore, screening of catheter sites are 

performed only if clinical signs of infection are observed or the patient is transferred to 

the continuing care or rehabilitation wards. 

For each MRSA and C. difficile exposed room that was identified, two unexposed 

rooms were randomly sampled on the same ward as the exposed room. In all patient 

rooms, six different surfaces were sampled including the railing at the end of the bed, 

bulletin board, chair back, overbed table, privacy curtain, and television. For unexposed 

rooms, if more than one patient was present, the investigator randomly chose a patient 

and sampled the surfaces in that patient‟s vicinity. For the general ward environment, 

environmental surfaces sampled were those distributed over the ward and located in 

nursing and physician work areas, hallways, and visiting rooms. Surfaces were sampled 

4-6 times over the study period and prior to being cleaned by housekeeping staff. In the 

participating facility, surfaces located in the general ward environment and patient rooms 

(excluding C. difficile exposed rooms), were cleaned once a day using a quaternary 

ammonium compound. In C. difficile exposed rooms, surfaces were cleaned twice a day 



 

63 

 

with bleach. Following discharge, all patient rooms were subjected to a terminal clean 

with a quaternary ammonium compound. In addition, C. difficile exposed rooms were 

cleaned with bleach. No changes in the hospital cleaning protocol on the surgical and 

medicine wards were instituted during the study period. 

 Sterile electrostatic cloths (Swiffer™, Proctor and Gamble, USA) were used for 

environmental sampling. Using a gloved hand, the investigator wiped the electrostatic 

cloth over half the environmental surface to be sampled, up to a maximum of 20 cm x 20 

cm. The cloth was then placed in a sterile collection bag (Whirl-Pak
®
, Nasco, California, 

USA). The investigator then used a second cloth to sample the other half of the 

environmental surface. Gloves were changed between each sampling. During each visit, 

two electrostatic cloths were not used for sampling but were handled and processed in 

parallel, to act as negative controls. Information collected with each surface sampled 

included: visit number, hospital ward, surface location, environmental surface sampled, 

and type of surface material. From the hospital‟s microbiology laboratory, patient isolates 

identified as MRSA were collected from culture plates using a culture swab with Stuart‟s 

media and stool samples from C. difficile patients were also obtained. Isolates or 

specimens were obtained only from patients that were hospitalized in the medicine and 

surgical wards during the 15 week study period, irrespective of whether they were present 

in the wards on the sampling date. Only one isolate per patient was analyzed. Isolates 

from patients that were epidemiologically linked to the MRSA outbreak were not 

collected. All specimens submitted for MRSA or C. difficile testing were collected at the 

discretion of medical personnel. 

 

2.3 Processing 

For MRSA, cloths were immersed in 30 ml of enrichment broth containing 

sodium chloride (75 g/L), mannitol (10g/L), tryptone (10g/L), and yeast extract (2.5g/L) 

and incubated at 35°C, aerobically, for 24 hours. Following incubation, a 5 µL aliquot of 

broth was inoculated onto MRSA Chromogenic agar (BBL CHROMagar MRSA, Becton, 

Dickinson and Company, Sparks, Maryland, USA) and incubated, aerobically, at 35°C 

for 24-48 hours. Isolates were identified as S. aureus by Gram stain, tube coagulase test, 

catalase test, and the S. aureus latex agglutination assay (Pastorex Staph-plus, Bio-Rad 
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Laboratories Ltd., Mississauga, Ontario, Canada). Methicillin-resistance was confirmed 

by testing for the penicillin-binding protein 2a (MRSA Screening Kit, Denka Seiken, 

Campbell, California, USA). For patient isolates, culture swabs were streaked onto blood 

agar (Oxoid, Nepean, Ontario, Canada) and processed as described above. Molecular 

typing of MRSA was conducted using sequence analysis of the X region of the 

staphylococcal protein A gene (spa typing) (Shopsin et al., 1999). Sequences were 

analyzed using the eGenomics software (http://tools.egenomics.com) and the Ridom 

system (http://www.spaserver.ridom.de). For eGenomics, spa types are reported using a 

numerical system (e.g., spa type 2) whereas Ridom spa types are reported using a 

numerical system preceded by a „t‟ (e.g., t002). All spa types were compared to epidemic 

MRSA strains that are commonly found in Canada (Golding et al., 2008). These 

Canadian epidemic MRSA strains are designated as CMRSA and should not be confused 

with community-associated MRSA strains which are designated as CA-MRSA. All 

MRSA isolates were investigated for the lukF-PV gene encoding the Panton-Valentine 

leukocidin (PVL) toxin by real-time PCR (Rankin et al., 2005). Molecular typing of the 

MRSA outbreak strain was not conducted by the hospital. 

For C. difficile, electrostatic cloths were immersed in 30 ml of enrichment broth 

containing brain-heart infusion (37 g/L) and 0.1% sodium taurocholate and incubated at 

37°C, anaerobically, for 5 days. A 2 ml sample of broth was then alcohol shocked for one 

hour, followed by centrifugation at 4,000 rpm for 10 minutes. The resulting pellet was 

inoculated onto C. difficile moxalactam-norfloxacin agar (Oxoid, Nepean, Ontario, 

Canada) and incubated for 24-96 hours at 37°C, anaerobically. Colonies were confirmed 

as C. difficile based on characteristic morphology, odour, and production of L-proline-

aminopeptidase (Prodisk, Remel, Lenexa, Kansas, USA). For patient isolates, 

approximately 1 g of feces was inoculated into 9 ml of enrichment broth and processed as 

described previously. All isolates identified as C. difficile were investigated for the 

presence of toxin A (tcdA) (Kato et al., 1998), toxin B (tcdB) (Lemee et al., 2004), and 

the binary toxin (cdtA) (Stubbs et al., 2000) genes using PCR. Ribotyping was used to 

analyze all C. difficile isolates (Bidet et al., 1999). When a ribotype pattern was identified 

as an international ribotype based on comparison to reference strains, the appropriate 

numerical designation (e.g., 027) was assigned. Alternatively, an internal laboratory 



 

65 

 

designation was assigned. Toxinotyping (Rupnik et al., 1998) was also performed on a 

representative of each toxigenic ribotype. 

 

2.4 Statistical analysis 

For patient rooms and the general ward environment, the prevalence of MRSA 

and C. difficile contamination was determined for ward, location, surface material, 

surface sampled, and visit (ward only). To identify associations between the occurrence 

of environmental contamination with MRSA or C. difficile and the predictor variables 

ward, location, surface material, surface sampled, and visit number (ward only) exact 

logistic regression analyses were conducted. Additionally, the overall prevalence of 

surfaces positive for MRSA or C. difficile prior to (visits 1-3), and following (visits 4-6), 

the MRSA and influenza outbreaks, were compared using exact logistic regression. The 

Spearman‟s rank correlation coefficient was used to identify correlations between 

independent variables. Variables with a correlation above 0.8 were investigated and only 

the variable that was more biologically plausible was included in the model to avoid 

issues associated with collinearity (Dohoo et al., 2012). Due to the relatively low 

prevalence of MRSA and C. difficile contamination in both patient rooms and the ward 

environment, only univariable models were constructed using exact logistic regression, 

employing the score method to calculate the P-value (StataCorp, 2007). Compared to 

other computational methods, the score method does not compute an equivalent 

confidence interval; consequently, only odds ratios (OR) and P-values are presented. For 

significant independent variables with several categories, contrasts between categories 

were also examined. Descriptive statistics and analyses were performed using Stata 11.0 

(StataCorp LP, College Station, Texas, USA). All tests were two-sided and the 

significance level was selected at α≤ 0.05.   

 

3.0 Results 

3.1 Patient rooms 

  A total of 218 surfaces located in 26 unexposed rooms, 10 MRSA exposed rooms, 

and 3 C. difficile exposed rooms, were sampled during the study period. The prevalence 

of MRSA and C. difficile contamination in each type of patient room by ward, surface 
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material, and surface sampled is presented in Table 2.1. Overall, the highest prevalence 

of MRSA contamination occurred in unexposed rooms and the highest prevalence of C. 

difficile contamination occurred in C. difficile exposed rooms. During the study period, a 

total of 12 (46.2%) and 0 unexposed rooms were previously occupied by an MRSA or a 

C. difficile patient, respectively. None of the surfaces in the 12 unexposed rooms were 

contaminated with MRSA.  

 Seven MRSA isolates were recovered from patient rooms in which two different 

spa types were identified; both consistent with the Canadian epidemic MRSA (CMRSA) 

2 strain (Table 2.2). For C. difficile, four different ribotypes were identified among the 14 

isolates recovered, including internationally recognized ribotypes 027 (n=1) and 078 

(n=9) (Table 2.3).    

 For six patient rooms, more than one surface was contaminated with MRSA or C. 

difficile at the time of sampling. One unexposed room had MRSA recovered on two 

surfaces, with both MRSA isolates identified as spa type 2/t002. For two unexposed 

rooms and two C. difficile exposed rooms, C. difficile was recovered from two surfaces at 

the time of sampling. In three of these patient rooms, the C. difficile isolates recovered 

from the two surfaces were molecularly indistinguishable and were identified as ribotype 

078. 

Results from the univariable analyses (Table 2.4) indicated that the odds of a 

surface being contaminated with C. difficile were significantly greater in a C. difficile 

exposed room compared to an unexposed room. In addition, in patient rooms, the odds of 

a cork surface being contaminated with C. difficile were significantly greater than 

surfaces covered in plastic. For the dependent variable, surfaces contaminated with C. 

difficile, statistically significant contrasts were identified between C. difficile exposed 

patient rooms versus MRSA exposed patient rooms (OR 14.88; P = 0.012) and cork 

surfaces versus fabric surfaces (OR 10.33; P = 0.009). For MRSA contamination of 

surfaces in patient rooms, no variables were identified as statistically significant. 

 

3.2 General environment 

Over the study period, 45 different environmental surfaces, for a total of 236 

samples, were investigated for MRSA and C. difficile contamination. On average, each 
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surface was sampled 5.2 times (range 4-6). Overall, 2.5% (n=6) and 5.9% (n=14) of 

surfaces were contaminated with MRSA and C. difficile, respectively. None of the 

control electrostatic cloths tested positive for MRSA or C. difficile. 

Data pertaining to the distribution of MRSA and C. difficile contamination per 

ward, surface location, surface material, and surface sampled are presented in Table 2.5. 

Overall, the highest numbers of surfaces contaminated with MRSA or C. difficile were 

located in nursing and physician work areas or the hallway. Specifically, chairs and 

counter tops were found to be contaminated with MRSA. For C. difficile, surfaces 

identified with the most contamination included chairs, computer keyboards, and heating 

oven handles. However, no surfaces had increased odds of MRSA or C. difficile 

contamination compared to other surfaces, based on the univariable analyses (Table 2.6). 

The distribution of MRSA and C. difficile contamination, per visit, fluctuated 

during the study period (Figure 2.1). For visits 5 and 6, MRSA was not recovered from 

the general ward environment. The highest prevalence of C. difficile contamination 

occurred during visit 4. Compared to the time period prior to the hospital outbreaks, there 

was no statistically significant increase in the odds of contamination with MRSA (OR 

0.19; P = 0.213) or C. difficile (OR 1.02; P = 0.999) in the time period following the 

outbreaks.  

Two different spa types were identified among the six MRSA isolates collected 

from the general ward environment (Table 2.2). One isolate was identified containing the 

PVL toxin gene and corresponded to CMRSA-10. For C. difficile, eight different 

ribotypes were identified among the 14 isolates (Table 2.3), including ribotypes 027 

(n=2) and 078 (n=5).  

Only one surface was positive for MRSA and C. difficile on the same visit; a chair 

located in a nursing station on medicine ward B. Heating oven handles located in 

medicine ward A were contaminated with C. difficile on two separate visits. Molecular 

characterization of these C. difficile isolates revealed ribotypes 027 and 078.  

 

3.3 Patient isolates 

 Data pertaining to MRSA and C. difficile isolates from patients are presented in 

Tables 2.2 and 2.3, respectively. For MRSA, a total of 46 patient isolates were collected, 
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representing nine different spa types, with spa type 2/t002 being the most prevalent. In 

one MRSA exposed room, the privacy curtain was contaminated with the same MRSA 

spa type that was identified in the patient, spa type 2/t002. Two patients were identified 

with MRSA spa type 1/t008 during the study period. However, only one of these patients 

was present in the ward when a chair located in the visiting room on the same ward as the 

patient was identified as being contaminated with MRSA spa type 1/t008. Although six 

patients were identified with MRSA spa type 437/t003, none of these patients were 

present in the surgical ward when a chair located in an unexposed room was found to be 

contaminated with spa type 437/t003. Despite nine different MRSA spa types identified 

in the patient population, six of these spa types were not detected on surfaces located in 

patient rooms or the ward environment.  

For C. difficile, 22 patient specimens were collected during the study period; 

however, C. difficile could not be isolated from one patient specimen. For the 21 C. 

difficile strains isolated, 11 ribotypes were identified, with ribotype 027 being the most 

prevalent in the patient population. During visit 4, ribotype 078 was identified from the 

majority of C. difficile contaminated surfaces located in patient rooms and the general 

environment; however, only one C. difficile patient was identified with ribotype 078. 

Although this patient was admitted to the surgical ward shortly after visit 3, this patient 

was not present in the hospital during visit 4. Ribotype MOH-V was identified from one 

patient specimen; however, this patient was not present in the medicine or surgical wards 

when MOH-V was identified in an unexposed room and the ward environment. A total of 

seven C. difficile patients were identified with ribotype 027. However none of these 

patients were admitted to the medicine ward where ribotype 027 was found in an 

unexposed room and the ward environment. Eight ribotypes identified from patient 

specimens were not recovered from the hospital environment. 

 

4.0 Discussion  

 To our knowledge, this is the first study to longitudinally explore concurrent 

MRSA and C. difficile contamination in both patient rooms and the ward environment of 

a community hospital. The percentages of exposed patient rooms contaminated with 

MRSA or C. difficile were lower than those seen in other studies (Rohr et al., 2009; 
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Dubberke et al., 2007; Eckstein et al., 2007; French et al., 2004). This contrast may be 

attributable to the number of patient rooms and surfaces investigated in addition to 

different sampling and culturing methodologies used among studies. 

Surfaces located in rooms with a C. difficile patient had increased odds of being 

contaminated with C. difficile compared to unexposed and MRSA exposed rooms; an 

unsurprising result given the potential for infected patients to contaminate their 

environment and the ability of C. difficile spores to survive in the hospital environment 

for months (Mutters, 2009). Interestingly, in unexposed rooms, several surfaces were 

found to be contaminated with MRSA or C. difficile. Previous studies have also reported 

the presence of these HA pathogens on surfaces located in patient areas not occupied by 

MRSA or C. difficile patients (Dumford et al., 2009; Dubberke et al., 2007; French et al., 

2004). Reasons for the extensive contamination of surfaces in unexposed patient rooms 

may include transfer of pathogens via hands or fomites of staff, patients, and visitors; 

misclassification of patient rooms due to unidentified colonization status of individuals; 

and failure of routine cleaning and disinfection practices. Although MRSA and C. 

difficile are susceptible to the disinfectants used in this study facility, a quaternary 

ammonium compound and bleach, respectively, inadequate cleaning and disinfection 

practices cannot be excluded. In a multicentre study conducted by Carling and colleagues 

(2010), only 49.5% (1748/3532) of high touch surfaces located in intensive care units 

were identified as being clean following terminal cleaning practices. Lastly, rooms 

housing known MRSA or C. difficile colonized/infected individuals may have enhanced 

cleaning protocols compared to other rooms. As a result, surfaces may not be cleaned as 

rigorously or as often in unexposed rooms. These data highlight the need for regular and 

proper cleaning and disinfection of all hospital areas, not just those known to house 

patients with pathogens such as MRSA and C. difficile. 

 In patient rooms, the identification of MRSA or C. difficile on overbed tables, 

privacy curtains, and televisions is consistent with the literature (Chang et al., 2009; Rohr 

et al., 2009; Trillis et al., 2008; Sexton et al., 2006; Rampling et al., 2001; Verity et al., 

2001; Stacey et al., 1998; Boyce et al., 1997), and presumably any hand contact surface is 

at some degree of risk for contamination. While understanding higher risk sites is 

important, these data indicate the need for broad cleaning and disinfection, including 
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surfaces that often receive less attention. In the present investigation, chairs and bulletin 

boards were also sampled in patient rooms. It was noted that staff, patients, and visitors 

would move chairs by grasping the top surface of the chair back. Subsequently, MRSA 

and C. difficile were cultured from this surface with all positive chair backs specifically 

located in unexposed patient rooms. In unexposed and exposed patient rooms, bulletin 

boards were negative for MRSA but positive for C. difficile. Upon further investigation it 

was determined that in rooms with a patient under isolation precautions, tourniquets used 

for phlebotomies were secured to the bulletin boards. As C. difficile has been cultured 

from the skin of asymptomatic patients (Dumford et al., 2011) and from the skin of 

patients with CDI (Dumford et al., 2011; Sethi et al., 2010), it is theorized that the 

tourniquets became contaminated with C. difficile which subsequently contaminated the 

bulletin board. Although results from the univariable analyses indicated that bulletin 

boards, compared to the end of the patient bed, were not significantly associated with C. 

difficile contamination, cork surfaces, compared to plastic and fabric surfaces, had 

significantly increased odds of being contaminated with C. difficile. In this investigation 

all bulletin boards in patient rooms were made of cork, a porous material with an 

irregular surface. Due to the surface characteristics of cork, which makes this material 

difficult to clean and disinfect, and the likelihood that bulletin boards were rarely, if ever 

disinfected, it is possible that bulletin boards may have acted as a source of C. difficile 

dissemination in patient rooms. It is not clear why MRSA was not recovered from any of 

the bulletin boards in this investigation since phlebotomy tourniquets have also been 

documented as acting as a reservoir for MRSA (Leitch et al., 2006).  

Overall, 2.5% and 5.9% of surfaces in the ward environment were contaminated 

with MRSA or C. difficile, respectively. In the literature, the prevalence of MRSA and C. 

difficile contamination of the general hospital environment is extremely variable (Faires 

et al., 2012; Shelly et al., 2011; Dancer et al., 2009; Dumford et al., 2009; Martirosian, 

2006; Pulvirenti et al., 2002; Bures et al., 2000) and it is difficult to compare results 

between studies. These differences in prevalence may be attributed to different study 

designs as well as the presence and number of MRSA and C. difficile patients during the 

study periods. 



 

71 

 

In the general ward environment, surfaces covered in fabric, laminate, or plastic 

had the highest level of MRSA or C. difficile contamination; however there was no 

statistically significant association between type of material and contamination. As these 

materials can vary widely in their texture, they can pose a substantial problem with 

respect to cleaning and disinfection, and therefore act as potential sources of MRSA and 

C. difficile transmission and dissemination. Staphylococcus aureus is able to survive 

adverse environmental conditions and persist in the hospital environment (Conly and 

Johnston, 2003) including surviving in hospital dust for nearly a year (Wagenvoort et al., 

2000). Experiments conducted using swatches of fabric and plastic have demonstrated 

that staphylococci can survive days to months after drying on these types of materials 

which are commonly found in the hospital environment (Neely and Maley, 2000). In 

addition, C. difficile spores are highly resistant to environmental effects and many 

commonly used disinfectants (Fawley and Wilcox, 2001; Kim et al., 1981), which can 

result in their survival for months to years in the hospital environment, unless physically 

removed or exposed to an adequate disinfectant (Mutters, 2009).  

In the ward environment, countertops, heating oven handles, computer keyboards, 

and chairs had the highest prevalence of MRSA or C. difficile contamination; however, 

there was no statistically significant association between specific surfaces and 

contamination with either pathogen. This lack of statistical association is in contrast to an 

earlier study investigating contamination in the ward environment of three hospitals in 

which chair backs, hand rails, isolation carts, and sofas had significantly greater odds for 

MRSA contamination compared to computer keyboards (Faires et al., 2012). However, in 

that particular study, the prevalence of MRSA contamination was considerably higher 

(11.8%) and the low prevalence of C. difficile contamination (2.4%) did not allow for 

statistical model construction. Nonetheless, results from the present investigation 

demonstrate that contaminated surfaces are common hand-touch sites that are frequently 

touched by staff, patients, and visitors. Therefore, contamination may be attributed to 

lack of hand hygiene, hand hygiene practices that are ineffective at eliminating C. 

difficile spores, and inconsistent cleaning and disinfection protocols.  

 During visits 3-6, C. difficile was identified as the predominant pathogen 

contaminating the ward environment. Although MRSA patients were present in the 
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medical and surgical wards for all six visits, C. difficile patients were only present in the 

wards for visits 4-6. For visit 4 (week 13), the prevalence of MRSA was relatively low 

despite an MRSA outbreak during weeks 8-13; however, there was no significant 

association between the prevalence of MRSA contamination prior to, and following, the 

outbreak. As the MRSA outbreak occurred on a ward not involved in this investigation, 

the substantial decrease of MRSA in the ward environment may have been the result of 

overall increase in hand hygiene, and restricting patient movement and visitors to prevent 

the outbreak spreading to other wards. An influenza outbreak, which also occurred in a 

ward not participating in this investigation, was declared during weeks 9-11 of the study 

period. Following this outbreak, the prevalence of C. difficile contamination in the ward 

environment of the medical and surgical wards fluctuated over the last three visits with a 

substantially higher prevalence observed on visit 4. However, there was no significant 

association between the prevalence of C. difficile contamination before and after the 

outbreak. This increase in C. difficile contamination in the environment during the latter 

part of this investigation may be attributed to the presence of C. difficile patients in the 

study wards. However, researchers have observed an association between the presence of 

the influenza virus and an increase in the incidence rate of CDI in hospitalised patients 

during the winter months (Gilca et al., 2012; Polgreen et al., 2010). Possible factors 

contributing to this association include antimicrobial use (Gilca et al., 2012; Polgreen et 

al., 2010) and reductions in cleaning and disinfection of non-outbreak wards because of 

increased efforts directed towards outbreak wards. In the present investigation, the 

monthly CDI incidence rate increased from 0.73 to 0.83 cases/1,000 patient days 

following the influenza outbreak. It is possible that patients with C. difficile were not 

identified and isolated, or a focus on influenza outbreak management led to decreased 

infection control activities directed against C. difficile, subsequently resulting in an 

increase in C. difficile contamination of the general environment. 

 The predominance of spa types corresponding to CMRSA-2, a sequence type 5 

(ST5) clone, also known as USA100, was not unexpected since it is the leading cause of 

HA-MRSA in Canada (Simor et al., 2010; Christianson et al., 2007). The distribution of 

MRSA strains in patient rooms, general ward areas, and patients was similar, albeit with 

more apparent strain diversity among patients than in the environment. It is unclear 
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whether this indicates that CMRSA-2 is more adapted for surviving in the environment, 

as strain-dependent environmental persistence has not been investigated.  

 For C. difficile, several ribotypes present in the hospital environment were not 

identified from patient specimens. This discordance may have been attributed to isolates 

not being collected or patients with C. difficile not being identified because of a lack of 

routine screening or the use of a diagnostic test with moderate sensitivity (Blossom et al., 

2007; Snell et al., 2004).  

 In total, 16 different toxigenic C. difficile ribotypes were identified. Ribotype 027 

was predominant in the patient population and was the second most prevalent ribotype 

identified contaminating the ward environment. This specific ribotype is responsible for 

various outbreaks of CDI with increased severity, high relapse rates, and significant 

mortality (Loo et al., 2005; Pépin et al., 2005). Despite its association with outbreaks, this 

ribotype is also common in endemic disease and was the second most prevalent strain in 

a study of C. difficile isolates from Ontario diagnostic laboratories (Martin et al., 2008). 

This is further evidence that while this strain is of particular concern, ribotype 027 can be 

present in patients and the environment in the absence of a CDI outbreak. Yet, overall, C. 

difficile typing data indicate less of a relationship between patient and environmental 

strains than with MRSA. In particular, ribotype 078 accounted for 64% of isolates from 

patient rooms and 36% from the ward environment but was identified in only one patient. 

Increases in the incidence of CDI caused by this particular strain have been reported 

internationally (Goorhuis et al., 2008), including in Canada where 078 increased from 

0.5% of CDI isolates in 2004/2005 to 1.6% in 2008 (Mulvey et al., 2010). The reason for 

the high prevalence of 078 in the environment of this healthcare facility and the 

discordance between environmental and patient prevalence is not known. However, this 

particular ribotype is prevalent among C. difficile strains isolated from food animals in 

Canada (Costa et al., 2012; Weese et al., 2011; Rodriguez-Palacios et al., 2006) and was 

commonly identified in a study of Ontario household environments (Weese et al., 2010). 

The participating hospital serves a rural community, which may increase the likelihood 

for exposure to 078 in the community, with subsequent transmission into the hospital. 

While ribotype 078 is referred to as a hypervirulent strain, it is not likely as pathogenic or 

transmissible as ribotype 027, based on there being fewer reports of severe disease or 
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outbreaks associated with 078. Therefore, it is plausible that environmental 

contamination could occur more readily than patient disease if ribotype 078 is more 

common in people in the community but less able to cause disease, in comparison to 

ribotype 027. Given the lack of surveillance data involving non-diarrheic individuals, it is 

difficult to substantiate these hypotheses and more information is required regarding the 

epidemiology of this potentially emerging strain and the potential role of non-CDI 

patients, visitors, and staff in the contamination of the hospital environment.  

 The prevalence of toxinotype variants (toxinotypes other than toxinotype 0) in 

patients was striking, with only 14% of isolates belonging to toxinotype 0. The high 

prevalence and diversity of toxinotype variants seen in our study hospital have not been 

reported previously in a patient population and is in contrast with an earlier multicentre 

study in the province where ribotype 001, a toxinotype 0 strain, was most common 

(25.5%) (Martin et al., 2008). Similarly, the high prevalence of patient strains possessing 

the binary toxin strain (81%) was remarkably high. This toxin is most commonly found 

in hypervirulent strains, although it is not clear whether it is an important virulence factor 

or simply just commonly present in strains that are more virulent. 

Limitations of this study included not all surfaces being sampled each visit, as 

some surfaces were cleaned just prior to sampling. In addition, the number of MRSA and 

C. difficile exposed rooms available for sampling was limited, which may have resulted 

in a lack of power to identify significant risk factors associated with surfaces being 

contaminated with MRSA or C. difficile. 

The results from this investigation offer detailed information on MRSA and C. 

difficile contamination in the hospital environment. The identification of specific 

surfaces, materials, and locations as having an increased prevalence of MRSA and C. 

difficile contamination can be used by hospital personnel for surveillance purposes to 

develop, implement, and assess effective control measures for reducing the transmission 

of MRSA and C. difficile within the healthcare setting. In addition, this study 

demonstrates the variety of MRSA and C. difficile strains that can be found in patient 

populations and the hospital environment. Further research investigating the persistence 

of specific MRSA and C. difficile strains in the hospital environment may be warranted. 
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Table 2.1: Descriptive statistics of variables for methicillin-resistant Staphylococcus aureus and Clostridium difficile contamination in 

patient rooms. 

 

Variables
1
 

Unexposed rooms 

(n=26) 

MRSA exposed rooms 

(n=10) 

C. difficile exposed 

rooms (n=3) 
Overall Prevalence 

MRSA  

(%) 

C. difficile 

(%) 

MRSA  

(%) 

C. difficile 

(%) 

MRSA 

 (%) 

C. difficile 

(%) 

MRSA 

 (%) 

C. difficile 

(%) 

General 

prevalence  
6/149 (4.0) 9/149 (6.0) 1/52 (1.9) 1/52 (1.9) 0/17 (0) 4/17 (23.5) 7/218 (3.2) 

14/218 

(6.4) 

Ward:  

   Medicine A
2 

4/54 (7.4) 3/54 (5.6) 0/20 (0) 1/20 (5.0) 0/5 (0) 2/5 (40) 4/79 (5.1) 6/79 (7.6) 

   Medicine B
3 

0/35 (0) 3/35 (8.6) 1/16 (6.3) 0/16 (0) 
No 

sampling 

No 

sampling 
1/51 (1.9) 3/51 (5.9) 

   Surgery
4 

2/60 (3.3) 3/60 (5.0) 0/16 (0) 0/16 (0) 0/12 (0) 2/12 (16.7) 2/88 (2.3) 5/88 (5.7) 

Material type:  

   Cork 0/23 (0) 3/23 (13) 0/7 (0) 1/7 (14.3) 0/3 (0) 2/3 (66.7) 0/33 (0) 6/33 (18.2) 

   Fabric 0/26 (0) 0/26 (0) 1/8 (12.5) 0/8 (0) 0/2 (0) 0/2 (0) 1/36 (2.8) 0/36 (0) 

   Laminate 1/26 (3.8) 1/26 (3.8) 0/9 (0) 0/9 (0) 0/3 (0) 1/3 (33.3) 1/38 (2.6) 2/38 (5.3) 

   Plastic 5/74 (6.8) 5/74 (6.8) 0/28 (0) 0/28 (0) 0/9 (0) 1/9 (11.1) 5/111 (4.5) 6/111 (5.4) 

Surface sampled:  

   Bulletin board
5
         0/23 (0) 3/23 (13) 0/7 (0) 1/7 (14.3) 0/3 (0) 2/3 (66.7) 0/33 (0) 6/33 (18.2) 

   Chair back
5
 4/25 (16) 2/25 (8) 0/10 (0) 0/10 (0) 0/3 (0) 0/3 (0) 4/38 (10.5) 2/38 (5.3) 

   End of bed 1/26 (3.8) 1/26 (3.8) 0/10 (0) 0/10 (0) 0/3 (0) 1/3 (33.3) 1/39 (2.6) 2/39 (5.1) 

   Overbed table
5
         1/26 (3.8) 1/26 (3.8) 0/9 (0) 0/9 (0) 0/3 (0) 1/3 (33.3) 1/38 (2.6) 2/38 (5.3) 

   Privacy curtain
5
 0/26 (0) 0/26 (0) 1/8 (12.5) 0/8 (0) 0/2 (0) 0/2 (0) 1/36 (2.8) 0/36 (0) 

   Television
5
 0/23 (0) 2/23 (8.7) 0/8 (0) 0/8 (0) 0/3 (0) 0/3 (0) 0/34 (0) 2/34 (5.9) 
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n: Number of rooms 

MRSA: Methicillin-resistant Staphylococcus aureus 

1 
Denominator is based on the number of surfaces in patient rooms that were tested 

2 
Total of 10 unexposed rooms, 4 MRSA exposed rooms, 1 C. difficile exposed room located in ward Medicine A 

3 
Total of 6 unexposed rooms, 3 MRSA exposed rooms, 0 C. difficile exposed rooms located in ward Medicine B 

4 
Total of 10 unexposed rooms, 3 MRSA exposed rooms, 2 C. difficile exposed rooms located in the surgical ward 

5 
Surfaces were not present in all patient rooms at the time of sampling 
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Table 2.2: Typing data for methicillin-resistant Staphylococcus aureus strains from patients and contaminated surfaces.  

 

spa type
1 

Number of isolates Ridom spa type
2 

PVL gene CMRSA USA equivalent 

Patient Rooms: (n=7)     

   2
3 

85.7% (6) t002 No 2 100 

   437
4 

14.3% (1) t003 No 2 100 

General Environment: (n=6)     

   2 83.3% (5) t002 No 2 100 

   1 16.7% (1) t008 Yes 10 300 

Patients
5
: (n=46)     

   2
6
 65.2% (30) t002 No 2 100 

   437 13% (6) t003 No 2 100 

   New
7 

6.5% (3) Not assigned No Not assigned Not assigned 

   1 4.3% (2) t008 Yes 10 300 

   7 2.2% (1) Not assigned No Not assigned Not assigned 

   12 2.2% (1) t062 No 2 100 

   23 2.2% (1) t548 No 2 100 

   771
8 

2.2% (1) t2104 Yes Not assigned Not assigned 

   New 2.2% (1) t3618 No Not assigned Not assigned 

 

n: Number of isolates 

MRSA: Methicillin-resistant Staphylococcus aureus 

PVL: Panton-Valentine leukocidin 

CMRSA: Canadian methicillin-resistant Staphylococcus aureus 

1
 spa types classified according to eGenomics (http://tools.egenomics.com) 

http://tools.egenomics.com/
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2
 spa types classified according to the Ridom system (http://www.spaserver.ridom.de) 

3 
Five isolates recovered from five unexposed rooms; one isolate recovered from one MRSA exposed room

  

4 
One isolate recovered from one unexposed room 

5 
For three MRSA exposed rooms, the patient‟s MRSA isolate was not collected 

6 
Five MRSA isolates are from MRSA exposed rooms that were sampled 

7 
One patient isolate from a MRSA exposed room 

8 
Patient isolate from a MRSA exposed room 

 

http://www.spaserver.ridom.de/
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Table 2.3: Typing data for Clostridium difficile strains from patients and contaminated 

surfaces.  

 

Ribotype Number of isolates Toxinotype Toxin genes 

Patient Rooms: (n=14)   

   078
1 

64.3% (9) V tcdA, tcdB, cdtA 

   MOH-AI
2 

21.4% (3) 0 tcdA, tcdB 

   027
3
 7.1% (1) III tcdA, tcdB, cdtA 

   MOH-V
3 

7.1% (1) 0 tcdA, tcdB 

General Environment: (n=14)   

   078 35.7% (5) V tcdA, tcdB, cdtA 

   027 14.3% (2) III tcdA, tcdB, cdtA 

   MOH-V 14.3% (2) 0 tcdA, tcdB 

   001 7.1% (1) 0 tcdA, tcdB 

   MOH-AG 7.1% (1) 0 tcdA, tcdB 

   MOH-T 7.1% (1) 0 tcdA, tcdB 

   MOH-U 7.1% (1) 0 tcdA, tcdB 

   UNK-2 7.1% (1) Not tested None 

Patients
4
: (n=21)   

   027
5 

33.3% (7) III tcdA, tcdB, cdtA 

   MOH-C 14.3% (3) IX tcdA, tcdB, cdtA 

   CHP-A
6 

9.5% (2) XXIV tcdA, tcdB, cdtA 

   MOH-AD 9.5% (2) III tcdA, tcdB, cdtA 

   078 4.8% (1) V tcdA, tcdB, cdtA 

   CHP-C 4.8% (1) XXIV tcdA, tcdB, cdtA 

   CHP-D 4.8% (1) 0 tcdA, tcdB 

   MOH-M 4.8% (1) 0 tcdA, tcdB 

   MOH-Q 4.8% (1) XII tcdA, tcdB 

   MOH-V 4.8% (1) 0 tcdA, tcdB 

   MOH-Y 4.8% (1) III tcdA, tcdB, cdtA 

 

n: Number of isolates 

tcdA: Toxin A 

tcdB: Toxin B 

cdtA: Binary toxin 



 

89 

 

1 
One isolate from four different unexposed rooms; one isolate from one MRSA exposed 

room; two isolates each from two different C. difficile exposed rooms 

2 
Isolates from two different unexposed rooms

 

3 
Isolate from one unexposed room

  

4 
For one C. difficile exposed room; C. difficile could not be isolated from the patient‟s 

specimen 

5 
One patient isolate from a C. difficile exposed room 

6 
One patient isolate from a C. difficile exposed room 
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Table 2.4: Univariable regression analyses of variables associated with methicillin-resistant Staphylococcus aureus or Clostridium 

difficile contamination in patient rooms.  

 

Variable Description OR P-value 

Overall  

P-value  

for the variable 

Dependent variable: surface contaminated with 

MRSA 
   

 

Ward Medicine A Referent  0.614 

 Medicine B 0.38 0.648  

 Surgery 0.44 0.423  

Type of patient room Unexposed Referent  0.594 

 MRSA exposed 0.47 0.679  

 C. difficile exposed  1.06
1 

0.634  

Surface material Plastic Referent  0.776 

 Cork 0.49
1 

0.346  

 Fabric 0.61 0.999  

 Laminate 0.57 0.693  

Surface sampled 
 

End of bed Referent  0.111 

 Bulletin board 1.18
1 

0.999  

 Chair back 4.39 0.200  

 Overbed table 1.03 0.999  



 

91 

 

Variable Description OR P-value 

Overall  

P-value  

for the variable 

 Privacy curtain 1.08 0.999  

 Television 1.15
1 

0.999  

Dependent variable: surface contaminated with C. 

difficile 
   

 

Ward Medicine A Referent  0.884 

 Medicine B 0.76 0.744  

 Surgery 0.73 0.758  

Type of patient room Unexposed Referent  0.008 

 MRSA exposed 0.31 0.301  

 C. difficile exposed 4.71 0.031  

Surface material Plastic Referent  0.017 

 Cork 3.84 0.030  

 Fabric 0.36 0.336  

 Laminate 0.97 0.999  

Surface sampled 
 

End of bed Referent  0.059 

 Bulletin board 4.03 0.131  

 Chair back 1.03 0.999  

 Overbed table 1.03 0.999  

 Privacy curtain 0.44
1 

0.494  
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Variable Description OR P-value 

Overall  

P-value  

for the variable 

 Television 1.15 0.999  

 

OR: Odds ratio 

MRSA: Methicillin-resistant Staphylococcus aureus 

1 
Median unbiased estimates 
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Table 2.5: Descriptive statistics of variables for methicillin-resistant Staphylococcus 

aureus and Clostridium difficile contamination in the general ward environment.  

 

Variables
1 

MRSA C. difficile 

Ward:   

   Medicine A (n=72) 5.6% (4) 8.3% (6) 

   Medicine B (n=67) 1.5% (1) 4.5% (3) 

   Surgery (n=97) 1.0% (1) 5.2% (5) 

Surface location:   

   Nurses‟ and physician work areas (n=99) 1.0% (1) 6.1% (6) 

   Hallway (n=109) 3.7% (4) 5.5% (6) 

   Visiting room (n=28) 3.6% (1) 7.1% (2) 

Surface material:   

   Fabric (n=78) 2.6% (2) 6.4% (5) 

   Laminate (n=15) 13.3% (2) 0% (0) 

   Plastic (n=103) 1.9% (2) 6.8% (7) 

   Rubber (n=17) 0% (0) 5.9% (1) 

   Wood (n=23) 0% (0) 4.3% (1) 

Surface sampled:   

   Chair (n=55) 3.6% (2) 7.3% (4) 

   Clean linen (n=15) 0% (0) 6.7% (1) 

   Clean towels (n=16) 0% (0) 0% (0) 

   Computer keyboard (n=55) 1.8% (1) 5.5% (3) 

   Counter top (n=15) 13.3% (2) 0% (0) 

   Drug cart (n=17) 0% (0) 5.9% (1) 

   Glove box holder (n=13) 7.7% (1) 7.7% (1) 

   Hand rail (n=17) 0% (0) 5.9% (1) 

   Heating oven handle (n=17) 0% (0) 17.6% (3) 

   Patient chart (n=16) 0% (0) 0% (0) 

 

n: Number of samples 

MRSA: Methicillin-resistant Staphylococcus aureus 

1 
Denominator is based on the number of surfaces in the general ward environment that 

were tested
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Table 2.6: Univariable regression analyses of variables associated with methicillin-resistant Staphylococcus aureus or Clostridium 

difficile contamination in the general ward environment. 

 

Variable Description OR P-value 

Overall  

P-value  

for the 

variable 

Dependent variable: surface contaminated with 

MRSA 
   

 

Visit 1 Referent  0.390 

 2 0.42 0.628  

 3 0.35 0.617  

 4 0.31 0.361  

 5 0.26
1 

0.242  

 6 0.37
1 

0.267  

Ward Medicine A Referent  0.185 

 Medicine B 0.26 0.368  

 Surgery 0.18 0.165  

Surface material Plastic Referent  0.099 

 Fabric 1.33 0.999  

 Laminate 7.53 0.078  

 Rubber 2.51
1 

0.999  
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Variable Description OR P-value 

Overall  

P-value  

for the 

variable 

 Wood 1.85
1 

0.999  

Location Hallway Referent  0.492 

 Visiting Room 0.97 0.999  

 Work area 0.27 0.372  

Surface sampled 
 

Computer keyboard Referent  0.176 

 Chair 2.03 0.999  

 Clean towels 1.77 0.999  

 Counter top 7.96 0.114  

 Drug cart 3.24
1 

0.999  

 
Heating oven 

handles 
3.24

1 
0.999 

 

 Other
2 

1.19 0.999  

Dependent variable: surface contaminated with C. 

difficile 
   

 

Visit 1 Referent  0.439 

 2 0.31 0.380  

 3 0.52 0.677  

 4 1.25 0.999  

 5 0.25 0.361  
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Variable Description OR P-value 

Overall  

P-value  

for the 

variable 

 6 0.35 0.404  

Ward Medicine A Referent  0.609 

 Medicine B 0.52 0.496  

 Surgery 0.59 0.531  

Surface material Plastic Referent  0.936 

 Fabric 0.94 0.999  

 Laminate 0.69
1 

0.593  

 Rubber 0.86 0.999  

 Wood 0.63 0.999  

Location Hallway Referent  0.999 

 Visiting Room 1.32 0.999  

 Work area 1.11 0.999  

Surface sampled 
 

Computer keyboard Referent  0.434 

 Chair 1.36 0.999  

 Clean towels 0.58 0.999  

 Counter top 0.93
1 

0.593  

 Drug cart 1.08 0.999  
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Variable Description OR P-value 

Overall  

P-value  

for the 

variable 

 
Heating oven 

handles 
3.63 0.139 

 

 Other
2 

0.79 0.999  

 

OR: Odds ratio 

MRSA: Methicillin-resistant Staphylococcus aureus 

1 
Median unbiased estimates 

2 
Clean linen, glove box holder, hand rail, patient charts
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Figure 2.1: Distribution of methicillin-resistant Staphylococcus aureus (MRSA) and Clostridium difficile contamination in the general 

ward environment by week and visit number. The arrow indicates when an MRSA outbreak (weeks 8-13) and an influenza outbreak 

(weeks 9-11) occurred in the hospital. N is the number of surfaces sampled. 
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Chapter 3 

A prospective study to examine the epidemiology of methicillin-resistant 

Staphylococcus aureus and Clostridium difficile contamination in the general 

environment of three community hospitals in southern Ontario, Canada 

 

(Faires MC, Pearl DL, Ciccotelli WA, Straus K, Zinken G, Berke O, Reid-Smith RJ, 

Weese JS. BMC Infect Dis 2012;12:290) 

 

Abstract 

 The hospital environment has been suggested as playing an important role in the 

transmission of hospital-associated (HA) pathogens. However, studies investigating the 

contamination of the hospital environment with methicillin-resistant Staphylococcus 

aureus (MRSA) or Clostridium difficile have generally focused on point prevalence 

studies of only a single pathogen. Research evaluating the roles of these two pathogens, 

concurrently, in the general hospital environment has not been conducted. The objectives 

of this study were to determine the prevalence and identify risk factors associated with 

MRSA and C. difficile contamination in the general environment of three community 

hospitals, prospectively.  

 Sampling of environmental surfaces distributed over the medicine and surgical 

wards at each hospital was conducted once a week for four consecutive weeks. Sterile 

electrostatic cloths were used for environmental sampling and information regarding the 

surface sampled was recorded. For MRSA, air sampling was also conducted. Enrichment 

culture was performed and spa typing was performed for all MRSA isolates. For C. 

difficile, isolates were characterized by ribotyping and investigated for the presence of 

toxin genes by PCR. Using logistic regression, the following risk factors were examined 

for MRSA or C. difficile contamination: type of surface sampled, surface material, 

surface location, and the presence/absence of the other HA pathogen under investigation. 

 Overall, 11.8% (n=612) and 2.4% (n=552) of surfaces were positive for MRSA 

and C. difficile, respectively. Based on molecular typing, seven different MRSA strains 

and eight different C. difficile ribotypes, including ribotypes 027 (15.4%) and 078 

(7.7%), were identified in the hospital environment. Results from the logistic regression 
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model indicate that compared to computer keyboards, the following surfaces had 

increased odds of being contaminated with MRSA: chair backs, hand rails, isolation 

carts, and sofas.  

 Methicillin-resistant Staphylococcus aureus and C. difficile were identified from a 

variety of surfaces in the general hospital environment. Several surfaces had an increased 

risk of being contaminated with MRSA but further studies regarding contact rates, type of 

surface material, and the populations using these surfaces are warranted. 

 

1.0 Introduction 

 Methicillin-resistant Staphylococcus aureus (MRSA) and Clostridium difficile are 

two leading hospital-associated (HA) pathogens with both being important causes of 

patient morbidity and mortality (Gravel et al., 2009; Klevens et al., 2007), outbreaks 

(Eggertson, 2007; Embil et al., 2001), and substantial healthcare costs (Goetghebeur et 

al., 2007; Miller et al., 2002). While data are incomplete and sometimes conflicting, the 

environment has been suggested as being an important source for the transmission of HA 

pathogens (Shaughnessy et al., 2011; Dancer et al., 2009; Boyce et al., 2008), however, 

the precise role of environmental contamination in HA infections remains unclear 

(Dancer, 1999). Several studies have been conducted concerning the epidemiology of 

MRSA (Dancer et al., 2009; Rohr et al., 2009; Rampling et al., 2001) and C. difficile 

(Dumford et al., 2009; Martirosian, 2006; Verity et al., 2001; Malamou-Ladas et al., 

1983) transmission within healthcare facilities. Although studies have been published 

surveying the environment in patient rooms (Mutters et al., 2009; Dubberke et al., 2007; 

Eckstein et al., 2007; Sexton et al., 2006; French et al., 2004; Rampling et al., 2001; 

Samore et al., 1996; Malamou-Ladas et al., 1983), information pertaining to MRSA and 

C. difficile contamination in the general hospital environment is limited. Furthermore, 

there has been little research involving community hospitals, since epidemiological and 

microbiological studies have focused almost exclusively on tertiary healthcare facilities 

(Rohr et al., 2009; Sexton et al., 2006; French et al., 2004; Malamou-Ladas et al., 1983). 

While this approach provides important information, it is unclear whether results from 

tertiary care facilities are applicable to smaller community hospitals, and therefore 

whether recommendations based on tertiary care hospital data are broadly applicable.  
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 Studies investigating contamination of the hospital environment with MRSA or C. 

difficile have generally focused on one pathogen (Dumford et al., 2009; Rohr et al., 2009; 

Martirosian, 2006; Rampling et al., 2001; Verity et al., 2001). Research evaluating the 

concurrent roles of these two HA pathogens in the general hospital environment has not 

been conducted and potential associations or commonalities between environmental 

contamination with MRSA and C. difficile have not been investigated. As some hospitals 

lack the laboratory equipment necessary to culture C. difficile, the investigators 

hypothesized that if there was a correlation or association between MRSA and C. difficile 

at the sample level, consequently, hospitals that conducted environmental audits or 

surveillance for MRSA could reasonably presume that the surface was also contaminated 

with C. difficile. Furthermore, longitudinal information pertaining to risk factors for 

environmental contamination, such as specific environmental surfaces sampled or surface 

material (e.g., fabric versus plastic as it relates to decontamination potential) outside of an 

outbreak scenario has not been explored. The data provided by this type of research can 

be used by infection control personnel to guide surveillance, and assess and implement 

environmental control measures for reducing contamination of the general hospital 

environment with MRSA and C. difficile. 

 The objectives of this study were to determine the prevalence of MRSA and C. 

difficile in the general hospital environment, determine what environmental surfaces and 

type of surfaces were most likely contaminated with MRSA and C. difficile, identify if 

access by staff or the public was associated with increased MRSA and C. difficile 

contamination, and compare MRSA and C. difficile strains between patients and the 

environment. 

 

2.0 Materials and Methods 

2.1 Setting 

 Three community hospitals, referred to as A, B, and C, located in southern 

Ontario, Canada, participated in this study. Information pertaining to each healthcare 

facility is presented in Table 3.1. Environmental sampling was conducted in February and 

March, 2010 in hospitals A and B and June 2010 for hospital C. During the study period, 

none of the hospitals identified MRSA or C. difficile outbreaks. This study was approved 
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by the research ethics boards of the University of Guelph (REB #09JL016) and the 

participating hospitals (THREB # 2009-0410, RC2009-10A). 

 

2.2 Sampling 

 Structured sampling of a pre-determined set of environmental surfaces distributed 

over the general medicine and surgical wards at each participating hospital was 

conducted one day a week for four consecutive weeks. The selection of surfaces to be 

investigated for contamination was based on data presented in previous studies (Dumford 

et al., 2009; Rohr et al., 2009; Dubberke et al., 2007) and through discussion with 

hospital staff regarding cleaning and disinfection practices. Environmental surfaces were 

sampled four times as this would provide good quality data regarding contamination in 

the general ward environment. Surfaces sampled were broadly replicable between wards 

and hospitals, in addition to sites that were relevant and specific to each ward. Surfaces 

were sampled prior to that day‟s cleaning by housekeeping staff. All hospitals used a one 

step cleaner and disinfectant protocol and wards were cleaned once per day. No changes 

in the cleaning protocol were instituted during the study period. 

 Dry sterile electrostatic cloths (Swiffer™, Proctor and Gamble, USA) were used 

for environmental sampling. Using a gloved hand, the investigator wiped the electrostatic 

cloth over half the environmental surface to be sampled, up to a maximum of 20 cm x 20 

cm. The cloth was then placed in a sterile collection bag (Whirl-Pak
®
, Nasco, California, 

USA). A second electrostatic cloth was used to sample the other half of the 

environmental surface. Gloves were changed between each sample. During each hospital 

visit, two electrostatic cloths were not used for sampling but were handled and processed 

in parallel, to act as negative controls for quality assurance. Information collected with 

each surface sampled included: date, hospital, hospital ward, type of surface (e.g., sofa), 

surface material (e.g., fabric), and if the surface was accessible by the public or only by 

hospital staff. For MRSA, impact air sampling was also performed using an air IDEAL
® 

3P air sampler (bioMérieux, Saint Laurent, Québec, Canada) in elevator areas, nurses‟ 

stations, and waiting rooms. A total of 500 L of air was collected onto selective MRSA 

culture agar (BBL CHROMagar MRSA, Becton, Dickinson and Company, Sparks, 
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Maryland, USA) over a five minute period. Air sampling was conducted at a height of 1 

metre and a minimum of 1 metre from the nearest surface.  

 From all participating facilities, MRSA isolates from patients hospitalized in the 

medical and surgical wards during the study period were obtained from the microbiology 

laboratory following MRSA confirmation. Isolates were collected from culture plates 

using a culture swab with Stuart`s media. Stool samples from patients diagnosed with a 

C. difficile infection by a fecal toxin test (Tox A/B Quik Chek, TechLab, Blacksburg, 

Virginia, USA) were obtained from hospital C only. All isolates were collected at the 

discretion of medical personnel. For MRSA and C. difficile, only one isolate per patient 

was collected. 

 

2.3 Processing 

 For MRSA, cloths were immersed in 30 ml of enrichment broth containing 

tryptone (10g/L), sodium chloride (75 g/L), mannitol (10g/L), and yeast extract (2.5g/L) 

and incubated at 35°C, aerobically, for 24 hours. Following incubation, approximately 5 

µL of broth was inoculated onto MRSA Chromogenic agar (BBL CHROMagar MRSA, 

Becton, Dickinson and Company, Sparks, Maryland, USA) and incubated, aerobically, at 

35°C for 24-48 hours. Colonies with an appearance consistent with MRSA were sub-

cultured onto blood agar (Oxoid, Nepean, Ontario, Canada) and identified as S. aureus by 

Gram stain, catalase test, tube coagulase test, and S. aureus latex agglutination assay 

(Pastorex Staph-plus, Bio-Rad Laboratories Ltd, Mississauga, Ontario, Canada). The 

presence of methicillin-resistance was confirmed by testing for penicillin-binding protein 

2a (MRSA latex agglutination test, Oxoid Ltd., Hants, UK). For air samples, agar plates 

were incubated and processed as described above. For patient isolates, culture swabs 

were streaked onto blood agar (Oxoid, Nepean, Ontario, Canada) and processed as 

described above. Molecular typing of MRSA was conducted using sequence analysis of 

the X region of the staphylococcal protein A gene (spa typing) (Shopsin et al., 1999). 

Sequences were then analyzed using two different methods; eGenomics software 

(http://tools.egenomics.com) and the Ridom system (http://www.spaserver.ridom.de). 

Based on eGenomics, spa types are reported using a numerical system (e.g., spa type 2) 

whereas Ridom spa types are reported using a numerical system preceded by a „t‟ (e.g., 
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t002). The spa types obtained were compared to epidemic MRSA strains that are 

frequently found in North America (Golding et al., 2008). All MRSA isolates were 

investigated for the lukF-PV gene encoding the Panton-Valentine leukocidin (PVL) toxin 

by real-time PCR (Rankin et al., 2005).  

 For C. difficile, cloths were immersed in 30 ml of brain-heart infusion broth 

supplemented with 0.1% sodium taurocholate and incubated anaerobically at 37°C for 5 

days. A 2 ml aliquot of broth was alcohol shocked by addition of an equal volume of 

anhydrous alcohol and incubated at room temperature for one hour followed by 

centrifugation at 4,000 rpm for 10 minutes. The resulting pellet was then inoculated onto 

C. difficile moxalactam-norfloxacin agar (Oxoid, Nepean, Ontario, Canada) and 

incubated anaerobically for 24-96 hours at 37°C. Presumptive colonies were sub-cultured 

onto blood agar (Oxoid, Nepean, Ontario, Canada) and identified as C. difficile based on 

characteristic colony morphology, odour, and production of L-proline-aminopeptidase 

(Prodisk, Remel, Lenexa, Kansas, USA). For patient isolates, approximately 1 g of feces 

was inoculated into 9 ml of brain-heart infusion broth and processed as described above. 

All isolates identified as C. difficile were investigated for the presence of genes for toxin 

A (tcdA) (Kato et al., 1998), toxin B (tcdB) (Lemee et al., 2004), and binary toxin (cdtA) 

(Stubbs et al., 2000) using PCR. Ribotyping was also performed (Bidet et al., 1999).  

When a ribotype pattern was known to be an international ribotype based on comparison 

to reference strains, the appropriate numerical designation (e.g., 027) was assigned. 

Otherwise, an internal laboratory designation was assigned. Toxinotyping (Rupnik et al., 

1998) was performed on a representative of each toxigenic ribotype. 

 

2.4 Statistical analysis 

2.4.1 Descriptive statistics 

 The prevalence of MRSA and C. difficile contamination by visit, ward, surface 

material, surface location, and type of surface was determined for each hospital. If the 

overall prevalence of MRSA or C. difficile in the general ward environment was at least 

10%, a regression model was constructed to identify risk factors for contamination.  
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2.4.2 Statistical models 

 Initially, a multilevel logistic regression model was constructed due to the 

hierarchical structure of the data. The four-level hierarchical structure for this analysis 

consisted of repeated samples nested in surfaces that were nested in wards that were 

nested in hospitals. For model building, the dependent variables were the presence or 

absence of MRSA or C. difficile on a surface. Independent variables investigated 

included surface material, surface location, type of surface sampled, and the 

presence/absence of the other HA pathogen under investigation. To control for clustering, 

the multilevel logistic regression model included a fixed effect for hospital and random 

intercepts for ward and surface.   

 The Spearman‟s rank correlation coefficient was used to identify correlations 

between independent variables and the correlation between MRSA and C. difficile 

contamination at the sample level. Independent variables with a correlation >0.8 were 

investigated and only the variable that was more biologically plausible was included in 

the model to avoid issues associated with collinearity (Dohoo et al., 2012a). Additionally, 

for common surfaces, a paired exact logistic regression was conducted to determine if 

there were any significant differences in the probability of a surface being contaminated 

with MRSA or C. difficile.  

 Univariable logistic regression models were constructed to screen the independent 

variables with each dependent variable using a significance level of α≤ 0.25. 

Multivariable models were constructed by a manual backwards step-wise procedure 

starting with all significant variables based on the liberal P-value. Confounding was 

evaluated by examining the effect of the removed variables on the coefficients of the 

remaining variables. A variable was deemed to be a confounder if it was not an 

intervening variable and the log odds of a statistically significant independent variable 

changed by at least 20% (Dohoo et al., 2012b). Interaction terms were examined for all 

independent variables in the final main effects model. Using the final multivariable 

model, the investigators examined contrasts for independent variables with >2 categories. 

These contrasts allowed the researchers to investigate significant differences between any 

two categories.  
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 Random intercepts were removed from the model if, based on a likelihood ratio 

(LR) test, they were not statistically significant and they did not confound the observed 

associations. Similarly, Akaike‟s Information Criteria (AIC) were examined among 

models with and without the random intercepts to assess which model provided the best 

fit. If random effects were included in the final model, standardized Pearson residuals 

were assessed to identify outliers. In addition, normality and homogeneity of variance for 

the best linear unbiased predictors were examined to assess model fit. If random effects 

were not included in the final model, a Pearson χ
2
 test was used to assess model fit and 

standardized Pearson residuals were evaluated to identify outliers.  

 All descriptive statistics, model building, and analyses were performed using 

Stata 11.0 (StataCorp LP, College Station, Texas, USA). All tests were two-sided and a 

5% significance level was applied (α≤ 0.05). 

 

3.0 Results   

3.1 Descriptive statistics 

 Due to the low number of surfaces positive for C. difficile, a statistical model 

could not be constructed for C. difficile. Consequently, only descriptive statistics for C. 

difficile are reported. 

 From the three participating hospitals, 208 different surfaces, for a total of 612 

samples, were tested for MRSA, while 191 different surfaces, for a total of 552 samples, 

were tested for C. difficile. Overall, 11.8% (72/612; 95% CI 9.30-14.6%) and 2.4% 

(13/552; 95% CI 1.3-3.9%) of surfaces sampled were positive for MRSA and C. difficile, 

respectively. For common surfaces, there was no significant difference in the prevalence 

between MRSA and C. difficile (OR=1.13; 95% CI 0.15-6.92; P=0.999). The Spearman‟s 

correlation coefficient indicated that MRSA and C. difficile contamination was not 

correlated at the sample level (ρ=0.05; P=0.233). The proportion of surfaces that tested 

positive at least once for MRSA or C. difficile is presented in Table 3.2, with hospital C 

identified as having the highest prevalence of both MRSA and C. difficile in the general 

environment. Data pertaining to the prevalence of MRSA and C. difficile based on visit, 

ward, surface material, surface location, and surface sampled are presented in Table 3.3. 
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Over the study period, the prevalence of MRSA and C. difficile fluctuated in all three 

hospitals. None of the negative control cloths tested positive for MRSA or C. difficile. 

 Among the 72 MRSA isolates collected from the hospital environment, seven 

different spa types were identified (Table 3.4). A total of 60 air samples were taken 

during the study with 6.7% (n=4) positive for MRSA. All MRSA air isolates were spa 

type 2/t002. Overall, 46 MRSA isolates from patients were obtained during the study. 

Eight different spa types were identified (Table 3.4). 

 For C. difficile, eight different ribotypes were identified among the 13 isolates 

from the environment including internationally recognized ribotypes 027 (15.4%, n=2) 

and 078 (7.7%, n=1). Five C. difficile isolates, each representing a different ribotype, 

were collected from patients from hospital C only. Data pertaining to the characterization 

of C. difficile isolates are presented in Table 3.5. 

 

3.2 Surfaces positive on multiple visits 

 In hospital A, a drug cart was contaminated with three different spa types, 

140/t954 (visit 1), 24/t242 (visit 3), and 2/t002 (visit 4), all consistent with the Canadian 

epidemic MRSA (CMRSA) 2 strain. In hospital B, a handrail, an isolation cart, and an air 

sample taken in the elevator area were contaminated with MRSA on two visits each. For 

the isolation cart and elevator air sample, all MRSA were identified as spa type 2/t002. 

However, for the handrail, on visit two, spa type 2/t002 was identified and on visit 4 spa 

type 539/t034 was identified. In hospital B, a sofa was identified as being contaminated 

with spa type 2/t002 on three different visits. In hospital C, the back of a chair located in 

a nursing station was identified as being contaminated with MRSA on more than one 

visit; spa type 7/t064 on visit two and spa type 1/t008 on visit 4. No surfaces were 

identified as being contaminated with C. difficile on more than one visit. 

 Three surfaces were identified as being contaminated with both MRSA and C. 

difficile on the same visit. These surfaces included a glove box holder and a visiting room 

sofa in hospital A and an isolation cart in hospital B. Four surfaces were identified with 

being contaminated with MRSA and C. difficile, on different visits. These surfaces 

included a drug cart in hospital A, and a nursing station counter top, an isolation cart, and 

a patient chart in hospital C. 
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3.3 Statistical model 

 For the initial univariable analyses, the variables surface material, type of surface, 

hospital, and the presence of C. difficile were significant at the 25% level for the presence 

of MRSA on a surface (Table 3.6). There was no statistically significant association in 

the univariable models between type of ward and MRSA contamination, or surface 

location and MRSA contamination. 

 For the final multivariable model, three variables were included: hospital, surface 

location, and type of surface (Table 3.7). In constructing the multilevel models for MRSA 

contamination, the size of the variance components for ward and surface were extremely 

small (e.g., <10
-6

). Furthermore, the LR test was not statistically significant (P=0.999) 

comparing models with one or both random intercepts compared to a regular logistic 

regression model. Similarly, the AIC was smaller when the random effects were not 

included. Therefore, a regular logistic regression model was used. The variable hospital 

was forced into the final model as a fixed effect to control for clustering at the hospital 

level and the potential confounding effects of management differences between hospitals. 

Surface location was included in the final model as it was a confounder for the variable 

type of surface. The only statistically significant independent variable in the final model 

was type of surface. Specifically, results from the multivariable logistic regression model 

indicated that the odds of contamination for chair backs, hand rails, isolation carts, and 

sofas were significantly higher than computer keyboards (Table 3.7). Statistically 

significant contrasts between the different types of surface categories are presented in 

Table 3.8. Similarly, the mean predicted probabilities for surfaces contaminated with 

MRSA, while fixing hospital and surface location at a referent category, are presented in 

Figure 3.1. As demonstrated in both model-based contrasts and the mean predicted 

probabilities, sofas, hand rails, chair backs, and isolation carts had a higher probability of 

being contaminated with MRSA compared to other surfaces commonly found in the ward 

environment. Interactions between variables could not be assessed due to the large 

number of categories for type of surface and the resulting small number of observations 

per interaction term.  

 Standardized Pearson residuals were assessed and only two outliers were 

identified (i.e., residual values of 2.55 and 2.71). For both outliers, data were assessed, 
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found to be recorded correctly, and the observations were kept in the final model. The 

Pearson χ
2 

test was not significant (P=0.250) indicating that the model fits the data.  

 

4.0 Discussion 

  This is the first study to explore the epidemiology of both MRSA and C. difficile 

in the general ward environment of community hospitals. By investigating MRSA and C. 

difficile contamination prospectively and under endemic conditions, the information 

collected can be used by various hospital personnel for surveillance and infection and 

environmental control measures to reduce the transmission and dissemination of these 

HA pathogens within the healthcare setting. 

 Overall, 11.8% and 2.4% of surfaces in the general environment of the medical 

and surgical wards were contaminated with MRSA and C. difficile, respectively. In the 

literature, the prevalence of MRSA in the hospital environment has ranged from 0.6% to 

54% (Shelly et al., 2011; Rohr et al., 2009; Dancer, 2008; Dancer et al., 2006; Sexton et 

al., 2006) and for C. difficile the prevalence has ranged from 2.8% to 50% (Eckstein et 

al., 2007; Martirosian, 2006; Pulvirenti et al., 2002; Kaatz et al., 1988; Malamou-Ladas et 

al., 1983). These wide variations in the reported prevalence of MRSA and C. difficile 

contamination may be attributed to different study designs, including sampling times 

(endemic versus outbreak settings), the presence of colonized and/or infected patients 

during sampling, sampling in different hospital wards, sampling pre- and post-

disinfection, sampling surfaces once versus multiple times, and the use of different 

sampling techniques and culture methodologies. Furthermore, the majority of studies 

investigating MRSA and C. difficile have been conducted almost exclusively in patient 

rooms (Mutters et al., 2009; Dubberke et al., 2007; Eckstein et al., 2007; Sexton et al., 

2006; French et al., 2004; Rampling et al., 2001; Verity et al., 2001; Samore et al., 1996) 

as opposed to this study which examined the general hospital environment. Therefore, 

care must be taken when comparing prevalence data between studies. 

 With respect to the general ward environment, limited information on MRSA and 

C. difficile contamination exists in the literature. Dancer and colleagues (Dancer et al., 

2009) screened the computer keyboard, desk, and patient notes located in nursing work 

stations in two surgical wards during their year-long investigation. In nurses‟ work 
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stations, 2.2% (95% CI 0.9-4.6%) of samples were positive for MRSA. Dumford and 

colleagues (2009) conducted a point-prevalence culture survey for toxigenic C. difficile 

strains in physician and nurse work areas, specifically targeting telephones, tabletops, 

computer keyboards, and door knobs on eight different wards. Results from their 

investigation revealed that 31% (95% CI 15.3-50.8) and 10% (95% CI 0.3-44.5%) of 

surfaces in physician and nursing work areas, respectively, were contaminated with C. 

difficile. In the present study, the overall prevalence of MRSA and C. difficile on surfaces 

located in areas accessible only by hospital personnel ranged from 5.8-16.7% and 0-

6.4%, respectively. Surfaces sampled included patient charts, computer keyboards, chair 

backs, and telephones. These surfaces are repeatedly touched by staff throughout the day 

or immediately after patient contact or leaving an isolation room. Therefore, 

contamination may be attributed to a number of factors including lack of hand hygiene, 

failure to use personnel protective equipment, the inability to properly disinfect a surface, 

inconsistent cleaning schedules, or the quality of cleaning and disinfection protocols. 

 The dispersal of MRSA in air has been documented in rooms with MRSA 

positive patients (Gehanno et al., 2009; Sexton et al., 2006). However, information with 

respect to MRSA outside of patients‟ rooms is limited and the role of airborne or 

aerosolized MRSA in infection or colonization of patients or healthcare workers is not 

known. In the present study, MRSA was identified in air samples from a nurses‟ work 

station as well as the area located outside the elevator doors. As hospital personnel, 

patients, and visitors were present in these areas during sampling, it is possible that dust 

or shed squames containing MRSA from nearby surfaces, the ventilation system, the 

disposal of linen, or an individual colonized with MRSA may have introduced MRSA in 

these areas. 

 In the three participating hospitals, MRSA or C. difficile were recovered from 

unused (clean) linen and/or isolation gowns. Possible reasons for these surfaces being 

identified with HA pathogens may include contamination from staff, patients, or visitors, 

cross-contamination from a contaminated storage cart, or contamination during the 

laundry process. Therefore, it may be necessary to clean and disinfect storage carts to 

prevent cross-contamination in addition to conducting an audit of the laundry process to 

ensure that linen and isolation gowns are not contaminated prior to use.  
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 Chair backs, hand rails, isolation carts, and sofas, had an increased odds of being 

contaminated with MRSA compared to computer keyboards. Model-based contrasts also 

demonstrated that these four surfaces had increased odds of MRSA contamination 

compared to other surfaces that were commonly found in the general environment of 

hospital wards. In addition, Figure 3.1 illustrates that sofas are especially prone to MRSA 

contamination. Many of the sampled surfaces were common hand-touch sites not only by 

hospital personnel but also patients and visitors, thereby increasing the rates of contact 

along with the number of different people having contact, and subsequently the potential 

for contamination and transmission. Furthermore, certain surfaces may also be at 

increased odds for contamination due to the inherent difficulty in cleaning them. Surface 

material was statistically significant in the univariable analysis, but not in the final model 

for MRSA contamination. While no significant association was identified, fabric, 

laminate, and plastic surfaces were found to be contaminated with MRSA and C. difficile 

on multiple occasions and experiments conducted using swatches of fabric and plastic 

have demonstrated that staphylococci can survive days to months after drying on these 

types of surfaces (Neely and Maley, 2000). Furthermore, as these surfaces can differ in 

their texture, they may be more difficult to adequately clean and disinfect. Accordingly, 

further study of the influence of surface type on the prevalence and persistence of 

contamination is indicated. 

 In Canada, epidemic MRSA strains have been designated using pulsed-field gel 

electrophoresis (PFGE) (Golding et al., 2008; Simor et al., 2002). While PFGE was not 

performed in this study, a PFGE clone can be inferred from spa typing (Golding et al., 

2008). In hospital A, spa types consistent with CMRSA-2 predominated in both the 

environment and patients, which is unsurprising since CMRSA-2 is the leading cause of 

HA-MRSA in Canada (Christianson et al., 2007). In hospital B, CMRSA-2 predominated 

in the environment while both CMRSA-2 and CMRSA-5 were found in patients. 

CMRSA-5 is an uncommon human epidemic strain typically associated with HA-MRSA 

infection (Christianson et al., 2007), but is common in people that have contact with 

horses (Anderson et al., 2008). Interestingly, in hospital C, CMRSA-5 was most common 

in the environment while CMRSA-2 and CMRSA-10 were predominant patient strains. 

CMRSA-5 was not identified in any patient in hospital C. The apparent disconnect 
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between patient and environmental MRSA strain distribution in hospital C is interesting 

and may suggest unidentified reservoirs or sources, such as hospital staff, visitors, or 

unscreened patients. 

 To our knowledge, this is the first report of spa type 539/t034 contaminating the 

hospital environment in Canada. This spa type is associated with the livestock-associated 

(LA) sequence type (ST) 398, although recent evidence indicates it is actually most likely 

a human S. aureus clone that moved into livestock and subsequently acquired methicillin-

resistance (Price et al., 2012). This spa type is an important cause of community-

associated MRSA infection in some regions, particularly northern Europe, most often in 

individuals with contact with pigs (van der Mee-Marquet et al., 2011; Bhat et al., 2009; 

van Belkum et al., 2008). Although this MRSA strain is endemic in the swine population 

in Canada (Weese et al., 2011; Khanna et al., 2008) and has also been found in a horse 

(Tokateloff et al., 2009) and dogs (Floras et al., 2010), its role in human infections is 

unclear. A limited number of human infections have been reported (Golding et al., 2010), 

and it remains to be determined whether this is a rare endemic infection, an under 

diagnosed problem, or an emerging disease in Canada. The relatively high prevalence of 

environmental contamination with LA-MRSA was surprising given that reports of human 

infection and colonization in Canada are uncommon and the absence of this strain in 

patients in this study. The three participating hospitals serve rural communities where pig 

farming is present, which may increase the likelihood of LA-MRSA exposure. Despite 

environmental contamination, HA infection with ST398 MRSA was not identified, which 

is perhaps because this particular clone is known to be relatively inefficiently transmitted 

in hospitals (Wassenberg et al., 2011), and is probably less infectious than typical human 

epidemic clones. Therefore, it is not unreasonable to suspect that spa type 539/t034 could 

be present in colonized patients, healthcare workers, or visitors in the absence of 

recognized disease in a facility. 

  In the present study, eight different C. difficile ribotypes were identified in the 

general environment, with six being toxigenic and therefore clinically relevant. However, 

care must be taken when interpreting the C. difficile typing data due to the small number 

of isolates. Overall, toxinotype 0 (MOH-T and MOH-0) was the most prevalent, but was 

identified in hospital C only. The hypervirulent ribotypes 027 and 078 were also 
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identified in the environment of hospital A and/or B, along with ribotypes MOH-AD and 

MOH-C. The predominance of toxinotypes 0 and III (ribotype 027) in the environment is 

not surprising since these were the most common toxinotypes in an earlier study of 

hospitalized patients in Ontario (Martin et al., 2008). However, in that particular study, 

the highest prevalence of toxinotype 0 strains was associated with ribotype 001, which 

was not identified in the present investigation.  

 Currently, there is no universally accepted standard for the surveillance of 

pathogens from surfaces in the hospital environment (Dolan et al., 2011; Murphy et al., 

2010; Obee et al., 2007). A variety of sampling techniques have been employed to 

recover MRSA and C. difficile from the hospital environment including dry or moistened 

swabs (Dolan et al., 2011; Rampling et al., 2001), sterile gauze pads (Dumford et al., 

2009), sterile electrostatic cloths (Murphy et al., 2010), and contact plates (Dolan et al., 

2011; Sexton et al., 2006). Experiments have demonstrated that contact plates had a 

higher efficiency compared to culture swabs for the recovery of C. difficile (Buggy et al., 

1983). However, for MRSA, reports of contact plates (Obee et al., 2007) and specific 

types of culture swabs (Dolan et al., 2011) have been identified as efficient and sensitive 

sampling techniques, respectively. Although contact plates can be processed more 

quickly than culture swabs (Dolan et al., 2011), contact plates are typically limited to 

sampling flat surfaces (Dolan et al., 2011; Obee et al., 2007) whereas culture swabs can 

be used on irregular surfaces (Obee et al., 2007). Like culture swabs, electrostatic cloths 

can be used to sample irregular surfaces and are also inexpensive, simple to use, and easy 

to sterilize (Murphy et al., 2010). In a recent study evaluating C. difficile contamination 

in households, Weese and colleagues (2010) isolated C. difficile from 5.3% (95% CI 3.8-

7.0%) of surfaces using similar sampling and culturing methods as the present 

investigation. 

 The present study has several limitations. First, caution should be exercised when 

interpreting some of the results. For example, although sofas were significantly 

associated with MRSA contamination, they only constituted seven surfaces in the entire 

study. Second, not all environmental surfaces were sampled each week. Reasons for 

surfaces not being sampled four times included equipment/surfaces that had been cleaned 

by housekeeping the morning of sampling or equipment that was being used by hospital 
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personnel or patients at the time of sampling. This lack of sampling follow-through may 

bias the overall prevalence of MRSA and C. difficile contamination in the hospital 

environment. Lastly, the discordance of MRSA strains and C. difficile ribotypes between 

the general environment and patient specimens may be attributed to isolates that were not 

collected and/or patients with MRSA or C. difficile that were not identified during the 

study period. 

 The present study demonstrated that MRSA and C. difficile were identified from a 

number of different surfaces in the general ward environment. However, there was no 

correlation between MRSA and C. difficile contamination on these surfaces. As isolation 

carts, hand rails, chair backs, and sofas were at increased odds of being contaminated 

with MRSA, protocols are required to ensure that these surfaces are adequately cleaned 

and disinfected regularly. The identification of LA-MRSA strains in the environment but 

not patient population in hospitals A and B requires further surveillance for a better 

understanding of the epidemiology and microbiology of this emerging MRSA strain. 

Further studies regarding contact rates among hospital surfaces, type of surface material, 

and the populations using these surfaces are warranted.  
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Table 3.1: Description of participating hospitals. 

 

Features 
Hospital 

A B C 

Number of beds 345 191 226 

Number of in- and out- patient visits, 2010 >200,000 >150,000 >100,000 

Range of MRSA infection
1
 rates per 1,000 

patient-days, 2009 and 2010 

2009: 0.00 – 0.08 

2010: 0.00 – 0.11 

2009: 0.00 – 1.07 

2010: 0.00 – 0.08 

2009: 0.00 – 0.17 

2010: 0.00 – 0.08 

MRSA infection
1
 rates per 1,000 patient-

days, 2010 for month of sampling 
0.07 0.08 0.00 

Range of Clostridium difficile infection rates 

per 1,000 patient-days, 2009 and 2010 

2009: 0.13 – 0.67 

2010: 0.00 – 0.36 

2009: 0.24 – 1.31 

2010: 0.00 – 0.98 

2009: 0.00 – 0.56 

2010: 0.00 – 0.79 

C. difficile infection rates per 1,000 patient-

days, 2010 for month of sampling 
0.26 0.76 0.79 

 

MRSA: Methicillin-resistant Staphylococcus aureus 

1
 Rates for bacteremia 
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Table 3.2: Prevalence of methicillin-resistant Staphylococcus aureus and Clostridium difficile contamination of surfaces that tested 

positive at least once. 

 

Pathogen 

Hospital 
Overall total prevalence 

(95% CI; n) 
A B C 

Prevalence (95% CI; n) Prevalence (95% CI; n) Prevalence (95% CI; n) 

MRSA 
20.5%  

(12.6-30.4; 18/88) 

30.8%  

(19.9-43.4; 20/65) 

47.3%  

(33.7-61.2; 26/55) 

30.8%  

(24.6-37.5; 64/208) 

Clostridium 

difficile 

7.3%  

(2.7-15.2; 6/82) 

3.4%  

(0.4-11.7; 2/59) 

10%  

(3.3-21.4; 5/50) 

6.8%  

(3.7-11.4; 13/191) 

 

MRSA: Methicillin-resistant Staphylococcus aureus 

CI: Confidence interval 

n: Number of samples 
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Table 3.3: Descriptive statistics of variables for methicillin-resistant Staphylococcus aureus and Clostridium difficile contamination in 

the general hospital environment. 

 

Variables 

Hospital 

A B C 

MRSA (n/N) 
C. difficile 

(n/N) 
MRSA (n/N) 

C. difficile 

(n/N) 
MRSA (n/N) 

C. difficile 

(n/N) 

Visit:  

1 6.5% (3/46) 2.5% (1/40) 6.7% (3/45) 0% (0/39) 0% (0/42) 0% (0/37) 

2 3.7% (2/54) 0% (0/50) 9.1% (5/55) 2.0% (1/49) 53.1% (26/49) 0% (0/44) 

3 8.5% (4/47) 0% (0/44) 22.8% (13/57) 2.0% (1/51) 0% (0/51) 2.2% (1/46) 

4 18.3% (11/60) 8.8% (5/57) 7.0% (4/57) 0% (0/51) 2.0% (1/49) 9.1% (4/44) 

Ward:  

Medical 8.1% (11/135) 1.6% (2/126) 9.2% (6/65) 0% (0/57) 14.8% (17/115) 3.9% (4/103) 

Surgical 12.5% (9/72) 6.2% (4/65) 12.8% (19/149) 1.5% (2/133) 13.2% (10/76) 1.5% (1/68) 

Surface material:  

Air 6.3% (1/16) na 12.5% (3/24) na 0% (0/20) na 

Fabric 8.6% (3/35) 2.9% (1/35) 21.1% (8/38) 2.6% (1/38) 22.4% (15/67) 3.0% (2/67) 

Laminate 5.3% (1/19) 0% (0/19) 16.7% (2/12) 0% (0/12) 25.0% (3/12) 16.7% (2/12) 
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Variables 

Hospital 

A B C 

MRSA (n/N) 
C. difficile 

(n/N) 
MRSA (n/N) 

C. difficile 

(n/N) 
MRSA (n/N) 

C. difficile 

(n/N) 

Leather na na na na 0% (0/2) 0% (0/2) 

Metal 9.1% (2/22) 0% (0/22) 14.8% (4/27) 0% (0/27) 10.7% (3/28) 0% (0/28) 

Mixed 11.1% (1/9) 0% (0/9) 30.0% (3/10) 10.0% (1/10) na na 

Plastic 10.7% (11/103) 4.9% (5/103) 5.2% (5/97) 0% (0/97) 11.1% (6/54) 1.9% (1/54) 

Wood 33.3% (1/3) 0% (0/3) 0% (0/6) 0% (0/6) 0% (0/8) 0% (0/8) 

Surface location:  

Public access 11.0% (17/155) 2.1% (3/144) 11.9% (19/160) 1.4% (2/148) 12.9% (17/131) 3.3% (4/120) 

Staff access 5.8% (3/52) 6.4% (3/47) 11.1% (6/54) 0% (0/42) 16.7% (10/60) 1.9% (1/52) 

Type of surface:  

Antibacterial 

wipes        

container 

0% (0/6) 0% (0/6) 25.0% (1/4) 0% (0/4) na na 

Blood pressure 

machine 
6.7% (1/15) 0% (0/15) 0% (0/12) 0% (0/12) 12.5% (1/8) 0% (0/8) 

Brochure holder 0% (0/3) 0% (0/3) na na na na 

Bulletin board 0% (0/2) 0% (0/2) 0% (0/2) 0% (0/2) 28.6% (2/7) 0% (0/7) 

Chair back 12.5% (1/8) 0% (0/8) 22.2% (4/18) 0% (0/18) 19.4% (6/31) 0% (0/31) 
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Variables 

Hospital 

A B C 

MRSA (n/N) 
C. difficile 

(n/N) 
MRSA (n/N) 

C. difficile 

(n/N) 
MRSA (n/N) 

C. difficile 

(n/N) 

Chart holder na na 0% (0/9) 0% (0/9) na na 

Clip board na na na na 12.5% (1/8) 0% (0/8) 

Computer 

keyboard 
8.0% (2/25) 12.0% (3/25) 6.9% (2/29) 0% (0/29) 0% (0/8) 0% (0/8) 

Counter top 0% (0/9) 0% (0/9) 16.7% (2/12) 0% (0/12) 25.0% (2/8) 12.5% (1/8) 

Door  knob 0% (0/3) 0% (0/3) na na 0% (0/6) 0% (0/6) 

Drug cart 19.0% (4/21) 4.8% (1/21) na na 0% (0/8) 0 % (0/8) 

Elevator panel 0% (0/12) 0% (0/12) 0% (0/12) 0% (0/12) 25.0% (2/8) 0% (0/8) 

Glove box 

holder 
33.3% (2/6) 16.7% (1/6) na na na na 

Hand rail 18.8% (3/16) 0% (0/16) 33.3% (4/12) 0% (0/12) 0% (0/8) 0% (0/8) 

Heating oven 

handle 
na na na na 14.3% (1/7) 0% (0/7) 

Isolation cart 10.0% (1/10) 0% (0/10) 25.0% (3/12) 8.3% (1/12) 14.3% (1/7) 14.3% (1/7) 

Isolation gown 25.0% (1/4) 0% (0/4) 10.0% (1/10) 0% (0/10) 0% (0/7) 14.3% (1/7) 

Lamp shade na na na na 33.3% (1/3) 0% (0/3) 

Lifter handle na na na na 0% (0/3) 0% (0/3) 
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Variables 

Hospital 

A B C 

MRSA (n/N) 
C. difficile 

(n/N) 
MRSA (n/N) 

C. difficile 

(n/N) 
MRSA (n/N) 

C. difficile 

(n/N) 

Linen 0% (0/17) 0% (0/17) 0% (0/12) 8.3% (1/12) 23.1% (3/13) 0% (0/13) 

Patient chart 8.3% (1/12) 0% (0/12) 0% (0/21) 0% (0/21) 12.5% (1/8) 12.5% (1/8) 

Sofa 7.4% (2/7) 14.3% (1/7) 57.1% (4/7) 0% (0/7) 27.3% (3/11) 9.1% (1/11) 

Sofa pillow na na na na 33.3% (1/3) 0% (0/3) 

Supply cart na na 8.3% (1/12) 0% (0/12) 25.0% (1/4) 0% (0/4) 

Telephone 6.7% (1/15) 0% (0/15) 0% (0/6) 0% (0/6) na na 

Urine collection 

container 
na na na na 20.0% (1/5) 0% (0/5) 

Elevator area  

air 
12.5% (1/8) na 16.7% (2/12) na 0% (0/8) na 

Nursing station 

 air 
0% (0/5) na 8.3% (1/12) na 0% (0/8) na 

Visiting room air 0% (0/3) na na na 0% (0/4) na 

 

MRSA: Methicillin-resistant Staphylococcus aureus 

n: Number positive 

N: Number of samples  

na: Not applicable as these surfaces/areas were not sampled or were not present in the general environment 
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Table 3.4: Typing data for methicillin-resistant Staphylococcus aureus isolated from the general environment and patients. 

 

Hospital (n) 
eGenomics 

spa type
1 

% per 

hospital (n) 

Ridom  

spa type
2 PVL gene CMRSA 

USA 

equivalent 

Visit number (n) 

1 2 3 4 

Environment: 
 

 

A (20) 2 50.0 (10) t002 No 2 100 2 2 2 4 

 539 30.0 (6) t034 No 
No 

assignment 

No 

assignment 
0 0 0 6 

 24 10.0 (2) t242 No 2 100 0 0 1 1 

 140 5.0 (1) t954 No 2 100 1 0 0 0 

 957 5.0 (1) t4867 No 
No 

assignment 

No 

assignment 
0 0 1 0 

B (25) 2 88.0 (22) t002 No 2 100 3 5 10 4 

 539 12.0 (3) t034 No 
No 

assignment 

No 

assignment 
0 0 3 0 

C (27) 1 3.7 (1) t008 Yes 10 300 0 0 0 1 

 7 96.3 (26) t064 No 5 500 0 26 0 0 

Patients: 
 

A (16)
3 

2 75.0 (12) t002 No 2 100 0 6 3 3 

 23
 

6.3 (1) t548
 

No 2 100 0 

 24 6.3 (1) t242 No 2 100 0 1 0 0 

 140 6.3 (1) t954 No 2 100 0 0 1 0 

 696 6.3 (1) t2069 No 
No 

assignment 

No 

assignment 
0 1 0 0 

B (25)
4
 2 80.0 (20) t002 No 2 100 6 1 0 0 

 
1 4.0 (1) t008 No 5 500 0 4 7 3 

 12 4.0 (1) t062 No 2 100 1 0 1 0 
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Hospital (n) 
eGenomics 

spa type
1 

% per 

hospital (n) 

Ridom  

spa type
2 PVL gene CMRSA 

USA 

equivalent 

Visit number (n) 

1 2 3 4 

 23 4.0 (1) t548 No 2 100 0 0 0 0 

 24 4.0 (1) t242 No 2 100 0 0 0 1 

 230 4.0 (1) t010 No 2 100 1 0 0 1 

C (5)
5
 2 80.0 (4) t002 No 2 100 0 0 0 0 

 
1 20.0 (1) t008 Yes 10 300 0 0 2 2 

 

PVL: Panton-Valentine leukocidin 

CMRSA: Canadian epidemic methicillin-resistant Staphylococcus aureus 

n: Number of samples 

1
 spa types classified according to eGenomics (http://tools.egenomics.com) 

2
 spa types classified according to the Ridom system (http://www.spaserver.ridom.de) 

3
 MRSA was isolated from the perianal region (62.5%, n=10) and the anterior nares (37.5%, n=6)  

4
 MRSA was isolated from the perianal region (68%, n=17), the anterior nares (12%, n=3), and from wounds (20%, n=5)  

5
 MRSA was isolated from the anterior nares (100%, n=5)  

 

 

 

 

 

 

http://tools.egenomics.com/
http://www.spaserver.ridom.de/
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Table 3.5: Typing data for Clostridium difficile isolated from the general environment and patients. 

 

Hospital (n) Ribotype % per hospital (n) Toxinotype Toxin genes 
Visit number (n) 

1 2 3 4 

Environment: 
 

 

A (6) 027 16.7 (1) III tcdA, tcdB, cdtA 0 0 0 1 

 078 16.7 (1) V tcdA, tcdB, cdtA 1 0 0 0 

 MOH-AD 16.7 (1) III tcdA, tcdB, cdtA 0 0 0 1 

 MOH-O 16.7 (1) 0 tcdA, tcdB 0 0 0 1 

 GRH-A 16.7 (1) Not tested None 0 0 0 1 

 OVC-J 16.7 (1) Not tested None 0 0 0 1 

B (2) 027 50.0 (1) III tcdA, tcdB, cdtA 0 0 1 0 

 MOH-C 50.0 (1) IX tcdA, tcdB, cdtA 0 1 0 0 

C (5) MOH-T 80.0 (4) 0 tcdA, tcdB 0 0 1 3 

 OVC-J 20.0 (1) Not tested None 0 0 0 1 

Patients: 
 

C (5) MOH-AG 20.0 (1) 0 tcdA, tcdB 0 0 1 0 

 MOH-T 20.0 (1) 0 tcdA, tcdB 0 0 1 0 

 MOH-V 20.0 (1) 0 tcdA, tcdB 0 1 0 0 

 MOH-Y 20.0 (1) III tcdA, tcdB, cdtA 0 0 1 0 

 OS-A 20.0 (1) Not tested None 0 0 1 0 

 

n: Number of samples 

tcdA: Toxin A 

tcdB: Toxin B 

cdtA: Binary toxin 
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Table 3.6: Univariable logistic regression analysis of variables associated with 

methicillin-resistant Staphylococcus aureus contamination.  

 

Variable Description OR 95% CI P-value 

Hospital A Referent   

 B 1.23 0.66-2.30 0.503 

 C 1.54 0.83-2.85 0.169 

Ward Medicine Referent   

 Surgery 1.21 0.74-1.98 0.443 

Surface material Plastic Referent   

 Air 0.75 0.25-2.27 0.615 

 Fabric 2.41 1.31-4.43 0.005 

 Laminate 1.71 0.65-4.50 0.277 

 Metal 1.38 0.61-3.13 0.446 

 Other
1 

1.65 0.58-4.66 0.346 

Surface location Public access Referent   

 Staff access 0.96 0.55-1.67 0.881 

Type of surface Computer keyboard Referent   

 Blood pressure machine 0.88 0.15-5.06 0.885 

 Chair back 3.47 1.04-11.60 0.044 

 Counter top 2.32 0.54-10.02 0.260 

 Drug cart 2.32 0.54-10.02 0.260 

 Elevator area
2
 1.74 0.36-8.35 0.489 

 Elevator panel 0.97 0.17-5.58 0.970 

 Hand rail 3.50 0.95-12.93 0.060 

 Isolation cart 3.02 0.75-12.23 0.121 

 Isolation gown 1.53 0.26-9.00 0.640 

 Linen 1.12 0.24-5.26 0.890 

 Nursing station
2 

0.60 0.06-5.69 0.660 

 Other
3 

1.96 0.58-6.57 0.276 

 Patient chart 0.74 0.13-4.26 0.739 

  Sofa 8.16 2.22-29.97 0.002 

 Supply cart 2.07 0.34-12.47 0.426 

 Telephone 0.73 0.08-6.87 0.779 

C. difficile Negative Referent   

 Positive 2.19 0.59-8.16 0.244 
 

OR: Odds ratio 

CI: Confidence interval 
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1 
Includes: leather (n=2), mixed (n=19), and wood (n=17) 

2 
Air samples 

3 
Surfaces include: antibacterial wipes container (n=10), brochure holder (n=3), bulletin 

board (n=11), chart holder (n=9), clip board (n=8), door knob (n=9), glove box holder 

(n=6), heating oven handle (n=7), lamp shade (n=3), lifter handle (n=3), sofa pillow 

(n=3), urine collection container (n=5), visiting room – air (n=3) 
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Table 3.7: Multivariable logistic regression model of variables associated with 

methicillin-resistant Staphylococcus aureus contamination.  

 

Variable Description OR 95% CI P-value 

Hospital A Referent   

 B 1.36 0.69-2.65 0.373 

 C 1.19 0.61-2.35 0.606 

Surface location Public access Referent   

 Staff access 1.99 0.82-4.78 0.126 

Type of surface Computer keyboard Referent   

 Blood pressure machine 1.58 0.23-10.78 0.638 

 Chair back 3.94 1.12-13.86 0.032 

 Counter top 3.95 0.76-20.40 0.101 

 Drug cart 4.63 0.85-25.17 0.076 

 Elevator area
1
  3.03 0.52-17.54 0.216 

 Elevator panel 1.72 0.25-11.74 0.580 

 Hand rail 6.35 1.38-29.15 0.017 

 Isolation cart 5.33 1.07-26.44 0.041 

 Isolation gown 2.60 0.37-18.19 0.336 

 Linen 2.02 0.35-11.56 0.430 

 Nursing station
1 

0.52 0.05-4.92 0.567 

 Other
2 

3.24 0.78-13.40 0.105 

 Patient chart 0.76 0.13-4.35 0.754 

  Sofa 12.92 2.97-56.25 0.001 

 Supply cart 2.73 0.42-17.83 0.295 

 Telephone 0.87 0.09-8.35 0.904 
 

OR: Odds ratio 

CI: confidence interval 

1
 Air samples 

2
 Surfaces include: antibacterial wipes container (n=10), brochure holder (n=3), bulletin 

board (n=11), chart holder (n=9), clip board (n=8), door knob (n=9), glove box holder 

(n=6), heating oven handle (n=7), lamp shade (n=3), lifter handle (n=3), sofa pillow 

(n=3), urine collection container (n=5), visiting room – air (n=3) 
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Table 3.8: Based on the multivariable logistic regression model, significant model-based 

contrasts between surfaces contaminated with methicillin-resistant Staphylococcus 

aureus. 

 

Surfaces OR  95% CI P-value 

Chair back versus Computer keyboard 3.94 1.12-13.86 0.032 

Chair back versus Patient chart 5.22 1.06-25.63 0.042 

Hand rail versus Computer keyboard 6.35 1.38-29.15 0.017 

Hand rail versus Nursing station (air) 12.25 1.18-127.21 0.036 

Hand rail versus Patient chart 8.40 1.39-50.97 0.021 

Isolation cart versus Computer keyboard 5.33 1.07-26.44 0.041 

Isolation cart versus Patient chart 7.05 1.09-45.62 0.040 

Sofa versus Blood pressure machine 8.15 1.55-42.81 0.013 

Sofa versus Chair back 3.28 1.05-10.24 0.041 

Sofa versus Computer keyboard 12.92 2.97-56.25 0.001 

Sofa versus Elevator panel 7.51 1.43-39.55 0.017 

Sofa versus Linen 6.39 1.51-27.12 0.012 

Sofa versus Nursing station (air) 24.91 2.51-247.15 0.006 

Sofa versus Other
1 

3.99  1.38-11.52 0.011 

Sofa versus Patient chart 17.09  2.95-99.12 0.002 

Sofa versus Telephone 14.85  1.55-142.79 0.019 

 

OR: odds ratio 

CI: confidence interval 

1 
Surfaces include: antibacterial wipes container (n=10), brochure holder (n=3), bulletin 

board (n=11), chart holder (n=9), clip board (n=8), door knob (n=9), glove box holder 

(n=6), heating oven handle (n=7), lamp shade (n=3), lifter handle (n=3), sofa pillow 

(n=3), urine collection container (n=5), visiting room – air (n=3) 
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Figure 3.1: Mean predicted probability for methicillin-resistant Staphylococcus aureus to be cultured from surfaces in the general 

environment. * Surfaces include: antibacterial wipes container, brochure holder, bulletin board, chart holder, clip board, door knob, 

glove box holder, heating oven handle, lamp shade, lifter handle, sofa pillow, urine collection container, visiting room – air. 
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Chapter 4 

Detection of Clostridium difficile infection clusters, using the temporal scan statistic, 

in a community hospital in southern Ontario, Canada, 2006-2011 

  

Abstract  

 Clostridium difficile infection (CDI) is a significant concern in hospitals and 

results in increased patient morbidity and mortality rates, and healthcare costs. In 

healthcare facilities, CDI surveillance relies on unvalidated guidelines or threshold 

criteria to identify outbreaks. Consequently, this method of surveillance can result in 

false-positive and -negative cluster alarms. The application of statistical methods, 

specifically the scan statistic, to identify and understand the clustering of CDI cases in the 

hospital setting may be a useful alternative or complement to standard surveillance 

techniques. The objectives of this study were to 1) investigate the utility of the temporal 

scan statistic for detecting CDI clusters and validate these clusters using molecular typing 

and hospital records; and 2) determine if there are significant differences in the rate of 

CDI cases by month, season, and year in a community hospital. 

 Bacteriology reports of patients identified with a CDI from August 2006 to 

February 2011 were collected from a community hospital in southern Ontario, Canada. 

Data collected from reports included a unique patient identifier, the month and year the 

patient was diagnosed with CDI, and the location of the patient when CDI was identified. 

For patients detected with CDI from March 1, 2010 to February 28, 2011, stool 

specimens were also obtained. Clostridium difficile isolates were characterized by 

ribotyping and investigated for the presence of toxin genes by PCR. A multivariable 

multilevel negative binomial regression model was used to identify associations between 

year, season, month and the rate of CDI cases. CDI clusters were investigated using a 

retrospective temporal scan test statistic. Tests were conducted on a monthly scale at the 

hospital, service, and ward levels. Statistically significant clusters were compared to 

known CDI outbreaks within the hospital to determine if C. difficile outbreaks may have 

been overlooked using standard surveillance practices.  

 A total of 86 CDI cases were identified during the study period. Eighteen C. 

difficile specimens were analyzed and nine different ribotypes were identified with 
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ribotype 027 (n=6) being the most prevalent. Results from the multivariable multilevel 

negative binomial model indicated years 2007-2010 (P≤ 0.05) had decreased CDI rates 

compared to 2006 and that the spring season had an increased CDI rate compared to the 

fall (P=0.023). The temporal scan statistic identified statistically significant CDI clusters 

at the hospital (n=5), service (n=6), and ward (n=4) levels (P≤ 0.05). Five clusters were 

classified as unique events. Clusters ranged in length from 2-14 months in duration and 

involved a range of 3-44 patients. Three clusters were concordant with the one C. difficile 

outbreak identified by hospital personnel during the study period. For the remaining 

clusters, two were identified as potential outbreaks, one of which was due to ribotype 

027. 

 Application of the temporal scan statistic identified several clusters, two of which 

were potential outbreaks that were not detected by hospital personnel. The identification 

of particular time periods with decreased or increased CDI rates may have been a result 

of specific hospital events. Understanding the clustering of CDIs can aid in the 

interpretation of surveillance data and lead to the development of better early detection 

systems to reduce the impact of developing outbreaks. 

 

1.0 Introduction 

Clostridium difficile represents a significant burden to public health in terms of 

outbreaks, infection control measures, increased patient morbidity and mortality rates, 

and patient costs (Vonberg et al., 2008). Detection of C. difficile outbreaks in healthcare 

settings may rely on rule-based or threshold criteria; criteria that are prone to error as 

they fail to address changes in population size or random variation (Huang et al., 2010). 

The identification of a spurious disease cluster may result in the waste of hospital 

resources due to investigational procedures and/or interventions (Huang et al., 2010). 

Conversely, a delay in recognizing, or a failure to recognize, a true disease cluster can 

inhibit the application of enhanced infection control measures early in an outbreak, with 

the potential to prolong the outbreak. Understanding the clustering of infectious diseases, 

spatially and/or temporally, can be used to identify risk factors (e.g., Torabi and 

Rosychuk, 2011), facilitate detailed investigations to determine the association between 

exposures and disease interventions (Jennings et al., 2005), and detect outbreaks (e.g., 
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Pearl et al., 2006). A commonly used statistical technique to detect disease clusters, the 

scan statistic has been employed to investigate a wide array of infectious diseases or 

pathogens including Shigella (Stelling et al., 2010), malaria (Coleman et al., 2009), 

meningococcal disease (Elias et al., 2006), Escherichia coli 0157 (Pearl et al., 2006), and 

listeriosis (Sauders et al., 2003). 

There has been limited incorporation of the scan statistic for the detection and 

evaluation of spatial and/or temporal disease clusters for hospital surveillance purposes. 

Furthermore, no studies have been conducted in community hospitals evaluating the 

effectiveness of the temporal scan statistic, compared to traditional surveillance 

techniques for the detection and evaluation of C. difficile clusters. Understanding the 

clustering of C. difficile infections (CDI) can aid in the interpretation of ongoing 

surveillance data, detect outbreaks at an earlier time, and lead to new hypotheses 

regarding the transmission of C. difficile within the hospital setting. 

The objectives of this study were the following: to investigate the utility of the 

temporal scan statistic for detecting CDI clusters in a community hospital and validate 

statistically significant clusters using molecular techniques and hospital records 

concerning known CDI outbreaks; and to determine if there were significant differences 

in the rate of CDI cases by month, season, and year using regression models.  

 

2.0 Materials and Methods 

2.1 Study site 

      A single community hospital in southern Ontario, Canada participated in this 

study. This facility has 345 beds and over 200,000 in- and out-patient visits annually and 

provides a number of services including oncology, pediatrics, intensive care, emergency, 

internal medicine, psychiatry, rehabilitation, and surgery. This study was approved by the 

research ethics boards of the University of Guelph (REB# 09JL017) and the participating 

hospital (THREB # 2009-0411, RC2009-10B).  
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2.2 Case definition 

For this investigation, a case of CDI was defined as the following: 

  A patient with diarrhea and laboratory confirmation of a positive fecal 

toxin assay for C. difficile; and/or 

  Visualization of pseudomembranes on sigmoidoscopy or colonoscopy; 

and/or 

  Histological/pathological diagnosis of pseudomembranous colitis. 

      Diarrhea was characterized as the following: bowel movements that are unusual 

or different for the patient; loose/watery bowel movements that conform to the shape of 

the specimen container; and there is no other recognized etiology for the diarrhea. Cases 

of CDI were classified as HA if the patient‟s diarrhea developed > 48 hours following 

hospital admission.  

 

2.3 Data collection  

For this investigation, a case was included if C. difficile was identified between 

August 1, 2006 and February 28, 2011 and > 48 hours following hospital admission. 

Only one CDI case per patient per admission-discharge period was included in the 

analyses. The admission-discharge period was defined as the interval from when a patient 

was admitted to, and discharged from, the hospital. Transfer to another ward was not 

considered a discharge. For a patient to be admitted ≥ 2 times to the hospital, > 24 hours 

between the discharge and admission dates was required. Data from the first bacteriology 

report per patient per admission-discharge period were obtained. Bacteriology reports 

from CDI patients located in the emergency and hemodialysis departments were excluded 

as these departments specifically support outpatients. 

For CDI cases identified between March 1, 2010 and February 28, 2011, the 

hospital‟s microbiology laboratory collected and submitted stool specimens that were 

positive for C. difficile for molecular typing. In the participating hospital, C. difficile was 

identified by testing for the C. difficile antigen, glutamate dehydrogenase, and toxins A 

and B (C. Diff Quik Chek Complete, TechLab, Blacksburg, Virginia, USA). If a 

specimen was positive for the C. difficile antigen, but toxin negative, a second test was 

conducted to detect toxins A and B (ImmunoCard Toxins A and B, Meridian Bioscience, 
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Inc., Cincinnati, Ohio, USA). This particular testing regimen was adopted by the 

hospital‟s microbiology laboratory, as an additional 10-20% of specimens were identified 

as C. difficile by incorporating the second test (JGV, personal communication). At the 

hospital level, all stool specimens submitted for C. difficile testing were collected at the 

discretion of medical personnel. Only one specimen per patient was collected for 

molecular typing. 

Information collected from the bacteriology report included a unique patient 

identifier, dates pertaining to when the patient was admitted and discharged, when a stool 

specimen was collected for C. difficile testing, and the ward location of the patient when 

the stool specimen was collected. For ward location, bacteriology reports provided both 

service and ward designations. Services were defined as specific departments (e.g., 

internal medicine, surgery) whereas wards were characterized as specific, physically 

distinct units that comprised a service (e.g., S1 and S2 wards comprised the surgery 

department). 

Information regarding the number of patient days per month for each service was 

collected. For wards, data on patient days were obtained only from those wards that were 

operational and provided the same service for the entire study period (i.e., 55 months). 

For descriptive statistics, incidence rates for CDI were expressed as the number of CDI 

cases per 10,000 patient days. 

      Data pertaining to known C. difficile outbreaks that occurred during the study 

period (e.g., start and end date, ward location, and number of patients involved) were 

collected from the hospital‟s Infection Prevention and Control (IPC) department. Culture 

and molecular typing were not performed as a clinical or infection control tool, therefore 

historical typing data were not available. In the participating hospital, outbreak 

notification thresholds for C. difficile are employed and consist of the following (Ministry 

of Health and Long-Term Care, 2009): 

 For units with ≥ 20 beds: 3 cases of CDI identified on one unit within a 7 day 

period or 5 cases within a 4 week period. For units with < 20 beds: 2 cases of CDI 

identified on one unit within a 7 day period or 4 cases within a 4 week period; or 

 A baseline CDI rate for 2 months that is at or above the 80
th

 percentile for 

comparator hospitals; or 
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 A facility rate that is ≥ 2 standard deviations above their baseline. 

 

2.4 Processing of specimens 

 Patient stool specimens were obtained from the hospital‟s microbiology 

laboratory following C. difficile confirmation and forwarded to the laboratory at the 

University of Guelph on a weekly basis. Approximately 1 gm of feces was inoculated 

into 9 ml of brain-heart infusion broth supplemented with 0.1% sodium taurocholate and 

incubated, anaerobically, at 37°C for 5 days. A 2 ml aliquot of broth was alcohol shocked 

by addition of an equal volume of anhydrous alcohol and incubated at room temperature 

for one hour followed by centrifugation at 4,000 rpm for 10 minutes. The resulting pellet 

was then inoculated onto C. difficile moxalactam-norfloxacin agar (Oxoid, Nepean, 

Ontario, Canada) and incubated anaerobically for 24-96 hours at 37°C. Presumptive 

colonies were sub-cultured onto blood agar (Oxoid, Nepean, Ontario, Canada) and 

identified as C. difficile based on characteristic morphology, odour, and production of L-

proline-aminopeptidase (Prodisk, Remel, Lenexa, Kansas, USA). All C. difficile isolates 

were investigated for the presence of genes for toxin A (tcdA) (Kato et al., 1998), toxin B 

(tcdB) (Lemee et al., 2004), and the binary toxin (cdtA) (Stubbs et al., 2000) using PCR. 

Ribotyping (Bidet et al., 1999) was also performed on all C. difficile isolates. When a 

ribotype pattern was known to be an international ribotype based on comparison to 

reference strains, the appropriate numerical designation (e.g., 027) was assigned. 

Otherwise, an internal laboratory designation was assigned.  

2.5 Statistical analysis 

 All bacteriology reports were provided by the hospital in electronic format. The 

temporal scan statistic was performed using SaTScan version 9.0 (Kulldorff, 2010) and 

all descriptive statistics and model building were conducted using Stata 11.0 (StataCorp 

LP, College Station, Texas, USA). For all hypothesis tests, if not stated otherwise, a 5% 

significance level was applied (α≤ 0.05). 

2.5.1 Statistical model 

To evaluate the association between the rate of CDI cases in the hospital and the 

independent variables year, season, and month, a Poisson regression analysis was 
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conducted. For the exposure variable year, 2011 was removed from the analysis as no 

CDI cases were identified during that period. For season, months were categorized in the 

following groupings: winter (January – March), spring (April – June), summer (July – 

September), and fall (October – December). The dependent variable was the number of 

CDI cases and the offset was the natural log of the population at risk (i.e., number of 

patient days), for a particular month. Due to the hierarchical structure of the data, CDI 

cases nested in wards, a multilevel Poisson model including a random intercept for ward 

and a fixed effect for service, was used to adjust for clustering. The variable service was 

categorized as medicine (intensive care, oncology, pediatrics, internal medicine), surgery, 

and other (psychiatry, rehabilitation, hospice, childbirth, nursery). 

The Spearman‟s rank correlation coefficient was used to identify correlations 

between independent variables. Variables with a correlation above 0.8 were investigated 

for collinearity and the biologically more plausible variable was retained in the model 

(Dohoo et al., 2012a). Univariable multilevel Poisson models were fit using marginal 

likelihood estimation via the adaptive quadrature algorithm (as implemented in the 

xtmepoisson procedure in Stata) to screen each independent variable with the dependent 

variable using a liberal significance level (α≤ 0.20). Manual backwards step-wise 

modeling was applied to fit a multivariable multilevel Poisson model to all previously 

identified significant co-variables. To assess the significance of the independent 

variables, the likelihood ratio test was utilized. Confounding was evaluated be examining 

the effect of the removed variables on the coefficients of the remaining variables. A 

variable was considered to be a confounder if it changed the model coefficients by ≥ 20% 

(Dohoo et al., 2012b). Interaction terms were examined for all independent variables, 

with statistically significant main effects retained in the model. Due to concerns 

regarding unexplained overdispersion, the Poisson random effects model was compared 

to a negative binomial random effects model using Akaike‟s Information Criteria (AIC). 

The random effects negative binomial model was used where the overdispersion 

parameter was allowed to vary randomly by cluster based on a beta distribution (using the 

xtnbreg command in Stata) (StataCorp, 2009). The model with the lowest AIC was 

selected. Based on the final multivariable model, contrasts for independent variables with 
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>2 categories were examined to investigate significant differences between any two 

categories. 

2.5.2 Temporal scan statistic 

To identify CDI clusters, the temporal scan statistic employing a Poisson model 

was used. The scan statistic involves a flexible scanning window that gradually moves 

across time. The number of observed and expected observations inside the window is 

compared to outside the window, at each time period, with the greatest excess of 

observed cases noted (Kulldorff, 2010; Kulldorff et al., 2005). Under the null hypothesis, 

the expected number of cases in each time period covered by the scanning window is 

proportional to its population size; whereas under the alternative hypothesis, there is an 

elevated risk within the window as compared to outside the window (Kulldorff, 

2010).The window identified as least likely due to chance is subsequently evaluated by a 

maximum likelihood test with a test decision based on a Monte-Carlo simulated P-value 

(Kulldorff, 2010). For this analysis, Monte Carlo replications were set at 9999. 

To detect CDI clusters, only periods with high rates (i.e., a one-tailed test) were 

scanned. The maximum temporal window size was set to 50% of the study period. In 

addition, an adjustment for more likely clusters was made by conducting an iterative scan 

statistic where the cluster identified from the first iteration is removed from the data set 

and a new analysis is performed using the remaining data (Kulldorff, 2010). Data were 

analyzed on a monthly scale. A cluster was defined as a period where the rate of CDI 

cases was statistically higher than expected inside a window compared to outside a 

window. 

Retrospective monthly scan tests were conducted for the entire study period (i.e., 

August, 2006 to February, 2011) as well as annually (January 1
st
 – December 31

st
) from 

2006 to 2011. For 2006, the time interval was restricted from August 1
st
 – December 31

st
 

and for 2011, the time interval was confined to January 1
st
 – February 28

th
. For each time 

interval, temporal scan tests were conducted to identify CDI clusters at three different 

levels including hospital wide, service, and wards. For this analysis, 10 services were 

identified and included acute care, complex care, hospice, the intensive care unit, internal 
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medicine, oncology, pediatrics, psychiatry, rehabilitation, and surgery. Three wards were 

identified and included M1 (medicine), S1 (surgery), and S2 (surgery).  

Significant (P≤ 0.05) CDI clusters that were identified by the temporal scan 

statistic were compared to outbreaks identified by the IPC department. In addition, CDI 

cases that comprised significant C. difficile clusters were compared based on ribotype. 

Characteristics of significant clusters (e.g., time frame, observed and expected case 

numbers, P-value, and ribotype) are reported. 

 

3.0 Results  

3.1 Descriptive statistics 

      Over the study period, 86 CDI cases were identified. No patient was identified 

with CDI for two or more hospital admission-discharge periods. Forty-six (53.5%) cases 

were male and 40 (46.5%) cases were female. For males, cases ranged in age from 21 to 

95 years (mean=69 years, median=72 years) and for females, cases ranged in age from 25 

to 100 years (mean=71 years, median=76 years). 

      The monthly incidence rate of CDIs fluctuated over the study period and ranged 

from 0 to 5.28 CDI cases/10,000 patient days with an average of 1.14 CDI cases/10,000 

patient days (Figure 4.1). Based on the surveillance data that were available, no CDI 

cases were identified in the first two months of 2011. Summary characteristics of the CDI 

incidence rate according to month, year, season, service, and ward are presented in Table 

4.1. The highest incidence rate for CDI occurred in 2006, followed by 2007 and 2010. 

April and May had the highest incidence rates, 1.66 and 1.59 CDI cases/10,000 patient 

days, respectively. For season, spring was observed with the highest incidence rate for 

CDI and winter was observed with the lowest. Services with the largest CDI incidence 

rates included acute care, the intensive care unit, and internal medicine. No CDI cases 

were reported in the hospice or pediatric wards. 

      From March 1, 2010 to February 28, 2011, 24 CDI cases were identified and 18 

(75%) C. difficile specimens were collected for ribotyping (Table 4.2). Overall, nine 

different ribotypes were identified with ribotype 027 (33.3%) being the most prevalent. 

Nine (50%) of the C. difficile isolates were identified with the gene for the binary toxin. 
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3.2 Statistical model 

      A random effects negative binomial model was chosen over the random effects 

Poisson model based on the AIC value. Results of the univariable multilevel negative 

binomial regression models indicated that year, season, and month were significantly 

associated with the rate of CDI cases (Table 4.3). For the final multivariable multilevel 

negative binomial model, year and season were significant independent variables (Table 

4.4). The final model indicated that the years 2007-2010 were significantly associated 

with a decreased incidence rate of CDI compared to 2006 and that the rate of CDI cases 

was significantly higher in the spring compared to the fall. Results from significant 

model-based contrasts indicated an increase in the incidence rate in CDI cases in the 

spring compared to the winter, and in the years 2007 and 2010 compared to 2008 and 

2009 (Table 4.5). 

 

3.3 Temporal scan statistic 

 Over the study period, the temporal scan statistic identified significant CDI 

clusters at the hospital (n=5), service (n=6), and ward (n=4) levels (Table 4.6). As 

separate scan tests were conducted at various levels, it was observed that several clusters 

overlapped in time and/or location. Of the 15 clusters identified, only five were classified 

as separate events. 

 Overall, clusters ranged in length from 2 to 14 months in duration (mean=6.3 

months, median=5 months) and involved a range of 3 to 44 CDI cases (mean=11.9 cases, 

median=9 cases) per cluster. From August 2006 to February 2011, IPC personnel 

identified only one C. difficile outbreak which occurred during a three-and-a-half week 

period during October and November of 2008. This outbreak was identified by three scan 

tests applied at the hospital, service, and ward levels (Cluster ID 4, 10, 13). However, for 

all three clusters, the starting and end dates spanned from September to October 2008, 

respectively. 

 For the remaining CDI clusters, overall, 7 (58.3%) were considered to be of short 

duration (1–6 months in length) and 5 (41.7%) were classified as long duration (7–14 

months in length). Investigation of the short duration cluster in ward M1 (Cluster ID 14) 

revealed that three of the CDI cases were identified over a two day period and therefore 
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met one of the threshold criteria for a possible C. difficile outbreak in this facility. As this 

cluster was identified using historical data, molecular data were not available for 

validation purposes. 

 Two clusters (Cluster ID 2, 6) were characterized using typing data. For both 

clusters, analysis of C. difficile specimens identified several different ribotypes present in 

the patient population. For the long duration, hospital wide cluster (Cluster ID 2), further 

examination of the six ribotype 027 cases revealed that three of the cases were located in 

the same ward and were identified with CDI over a 20 day period. Furthermore, two of 

the ribotype 027 cases were identified on the same day, therefore meeting one of the 

hospital‟s threshold criteria for a possible C. difficile outbreak. For the remaining cluster 

with corresponding typing data (Cluster ID 6), all four cases were identified with 

dissimilar ribotypes, and these cases were not concordant with any of the hospital‟s 

notification criteria. For all other clusters identified by the temporal scan statistic, none 

met the notification threshold criteria used by the study hospital. 

 

4.0 Discussion  

 In public health, the detection of outbreaks generally depends on non-statistical 

methods, ad hoc analyses, or unvalidated thresholds (Stelling et al., 2010). Furthermore, 

within the hospital setting, rule-based criteria are often applied to ascertain if an outbreak 

has occurred (Huang et al., 2010). Consequently, the above approaches may result in 

false outbreak alarms or outbreaks that are overlooked, and subsequently the misuse of 

hospital resources or a missed opportunity for further case investigation (Huang et al., 

2010) or prompt intervention, prevention, and control. Therefore, studies evaluating the 

incorporation of various statistical methods to complement traditional surveillance 

techniques within the hospital setting are being performed. For C. difficile, research has 

been conducted to assess the effectiveness of different statistical methods, including the 

Knox test (Rexach et al., 2005; Kroker et al., 2001) and computer-assisted algorithms 

using microbiology data (Hacek et al., 2004) to enhance surveillance in healthcare 

facilities. However, the application of the scan statistic to detect C. difficile clusters has 

not been evaluated. The present study is among the first investigations to assess the utility 
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of the temporal scan statistic for detecting C. difficile clusters in a community hospital in 

addition to investigating clusters using molecular techniques. 

 In this investigation, a cluster was defined as a statistically significant high rate of 

CDI cases within a time period. The application of the temporal scan statistic to historical 

hospital data resulted in the identification of 15 significant clusters, five of which were 

separate events. By conducting scan tests at the hospital, service, and ward levels, this 

methodology allowed for the identification of clusters in different departments and wards. 

Subsequently, investigations can be focused at various levels to identify specific factors 

that may be associated with an increase in the rate of CDI cases in addition to developing 

and evaluating intervention and/or prevention measures. 

 Data from the hospital‟s IPC department indicated that during the study period, 

only one C. difficile outbreak was identified by hospital personnel. Although this 

particular outbreak was identified at three different levels (Cluster ID 4, 10, 13) using the 

temporal scan statistic, the starting date for the clusters was reported as September 2008, 

a month earlier than the outbreak noted by IPC personnel. This is an important finding as 

the outbreak may have begun in September and therefore, case investigations and 

institution of infection control measures to prevent transmission events and 

environmental contamination with C. difficile, could have been initiated earlier. 

 Ten clusters were identified between August 2006 and February 2010, the 

retrospective study period; therefore, molecular data were not available to validate these 

events. Further examination of these 10 events revealed four clusters that were 

considered to be of long duration and six clusters considered to be of short duration. For 

the long duration clusters (Cluster ID 1, 8, 11, 12), a significant increase in the rate of 

CDI cases were noted in the hospital overall, which was attributed to increases in the rate 

of CDI cases in two services (e.g., internal medicine and psychiatry) and one ward that 

was located in the internal medicine department. Although the exact biological relevance 

of these long duration clusters is not known, plausible scenarios include extended 

outbreaks, temporal trends, and the representation of systematic changes at the hospital 

level during the surveillance period. Results from the statistical analyses indicated that a 

significant increase in the CDI incidence rate occurred during 2007 as compared to 2008 

and 2009, which was concordant with the temporal scan statistic as all four long duration 
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clusters spanned 2007. The application of standardized reporting procedures for CDI in 

the province of Ontario is a possible explanation for this finding. Commencing 

September 2008, hospitals located in Ontario were required to collect and report monthly 

data on CDI to the Ontario Ministry of Health and Long-term Care for posting on a 

public accessible web site (Ontario Hospital Association, 2009). Daneman and colleagues 

(2012) assessed the change in hospital-specific rates of CDI prior to and following the 

mandatory reporting period. Before September 2008, the overall rates of CDI in Ontario 

increased from 7.01 cases/10,000 patient days in 2002 to 10.79 cases/10,000 patient days 

in 2007. Following September 2008, there was a 26.7% reduction in CDI rates over the 

reporting period. This decrease in the CDI rate may be attributable to hospitals strictly 

adhering to best practices in C. difficile prevention due to the mandatory reporting of 

rates to the public (Daneman et al., 2012). 

 For short duration clusters (Cluster ID 3, 5, 7, 9, 14, 15), a significant hospital 

wide cluster in 2007 (Cluster ID 3) was a result of an increase in the rate of CDI cases in 

two services (e.g., the intensive care unit and internal medicine) and a ward located in the 

internal medicine department. Further examination of this particular cluster revealed a 

potential C. difficile outbreak in this ward that was not identified by IPC personnel. In 

addition, a review of three other CDI cases that comprised this ward cluster revealed that 

these three patients were identified with CDI over a 20 day period. Although 

investigations of the remaining short duration clusters did not reveal additional potential 

outbreaks consistent with the hospital‟s threshold criteria, overall, these clusters should 

not be discounted as potential outbreaks on the basis of not conforming to specific 

criteria. In the study hospital, the threshold criteria used for detecting a CDI outbreak are 

provided by the province‟s Ministry of Health and Long-Term Care (Ministry of Health 

and Long-Term Care, 2009); however, as these thresholds have not been validated, the 

criteria are subjective guidelines. 

 In this investigation, two clusters were investigated using molecular data. For the 

cluster observed in the complex care service (Cluster ID 6), four CDI cases were 

identified over a two month period, with three of the cases specifically identified within a 

16 day period. Molecular typing of the C. difficile isolates established that each case had 

a different ribotype. Based on these results, it is difficult to determine the biological 
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relevance of this particular cluster. Simply, this event may represent a coincidental 

occurrence of CDI cases with different strains; however, this cluster may also represent a 

potential outbreak or possible transmission events. It has been previously reported that 

different ribotypes may be present in a patient population during a C. difficile outbreak 

(Aldeyab et al., 2011). Additionally, transmission of C. difficile due to environmental 

contamination or by unidentified patients, staff, or visitors infected or colonized with C. 

difficile are also possible scenarios. In one study investigating CDIs in healthcare and 

community settings, 45% (428/957) of CDI cases were genetically distinct from previous 

CDI cases indicating that C. difficile was not transmitted from another symptomatic 

patient but may have been acquired from asymptomatic individuals or other reservoirs 

(Eyre et al., 2013). The second cluster that was investigated with molecular data (Cluster 

ID 2) contained 24 CDI cases which were identified hospital wide over a 10 month 

period. Molecular typing of C. difficile specimens from 18 cases identified nine different 

ribotypes in this cluster, including ribotype 027. Further examination of three of the 

ribotype 027 cases identified a potential outbreak in a ward, based on the hospital‟s 

threshold criteria. 

 Results of the statistical analyses indicate that the incidence rate for CDI was 

significantly higher in the spring compared to the fall and winter seasons. The 

identification of increased CDI rates in spring is in contrast to previous studies that 

demonstrated an increase in the incidence rate of CDI cases in the winter months (Gilca 

et al., 2012; Gilca et al., 2010; Archibald et al., 2004). However, in these investigations, 

data pertaining to season (e.g., what months reflected a particular season) were not 

defined or analyses of specific individual seasons (e.g., winter, spring, summer, fall) were 

not performed. The higher incidence rates of CDI in the winter months may be attributed 

to various determinants including the presence of the influenza virus or respiratory 

syncytial virus in the hospital patient population (Gilca et al., 2012), the use of 

antimicrobials (Labbé et al., 2008; McDonald et al., 2005; Climo et al., 1998) especially 

in the winter months due to respiratory viruses (Archibald et al., 2004), and co-

morbidities or severe illness in patients admitted to the hospital during winter months 

(Archibald et al., 2004).  
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 Model-based contrasts for the independent variable year identified 2010 as being 

significantly associated with an increase CDI incidence rate compared to years 2008 and 

2009. This increased CDI rate in the hospital in 2010 may be attributable to the 2009-

2010 H1N1 influenza pandemic. As H1N1 cases were admitted to the participating 

hospital, it is possible that infections due to C. difficile increased soon after as routine 

infection control strategies focused on H1N1 instead C. difficile. 

 In this investigation, nine different ribotypes were identified in the patient 

population, with ribotypes 027 and 001 being the most prevalent. This is not surprising as 

these two ribotypes have been identified as the most prevalent among C. difficile isolates 

from Ontario diagnostic laboratories (Martin et al., 2008). Ribotype 027 has been 

responsible for various outbreaks of CDI with increased severity, high relapse rates, and 

significant mortality in Canada (Loo et al., 2005; Pépin et al., 2005) and internationally 

(Kuijper et al., 2006; Warny et al., 2005). Overall, 50% of C. difficile isolates in this 

study were identified containing the gene for the binary toxin. The role of the binary 

toxin in the pathogenesis of C. difficile is unclear. However, one study has reported that 

patients with CDT positive C. difficile strains had significantly more severe CDI and a 

higher case-fatality rate, compared to patients infected with CDT negative C. difficile 

strains (Barbut et al., 2007).  

 The present study has several limitations. Patient isolates were only collected over 

one year and not all patient specimens were available for typing. Therefore, the true 

molecular composition of clusters was unknown. Furthermore, this investigation was 

conducted in only one community hospital and the results may not be generalizable to 

other medical facilities.  

 Epidemiological data containing a time reference can be used to perform temporal 

analyses for the detection and evaluation of CDI clusters. By understanding the clustering 

of CDIs in time, potential risk factors and/or outbreaks may be identified. Furthermore, 

by incorporating molecular typing data with epidemiological data, CDI clusters can be 

further examined to better identify potential outbreaks, prevent the misclassification of 

cases as outbreak or non-outbreak, and elucidate transmission events. In this 

investigation, the application of the temporal scan statistic identified several significant 

CDI clusters, two of which were potential outbreaks. Furthermore, significant increases 
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in the incidence rate of CDI cases in years 2007 and 2010 were concordant with the 

findings from the temporal scan statistic as approximately 67% of the clusters identified 

spanned 2007 or 2010. At the study hospital, specific threshold criteria are currently 

being used to determine if a C. difficile outbreak is occurring and subsequently, if an 

investigation or response should be initiated. By employing a statistical method for 

hospital surveillance, threshold criteria may be created or re-defined for detecting C. 

difficile outbreaks that are specific to a particular medical facility. Future studies 

examining the utility of the temporal scan statistic for identifying CDI clusters under 

different settings (e.g., hospital type, length of investigation, retrospective and 

prospective analyses) are required. 
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Table 4.1: Summary characteristics of 86 Clostridium difficile infection (CDI) cases, 

from August 1, 2006 to February 28, 2011, in a community hospital in southern Ontario, 

Canada.  

 

CDI Characteristics 
Incidence rate of CDI 

(cases per 10,000 patient days) 

Month
1 

 

   January 0.18 

   February 0.79 

   March 0.90 

   April 1.66 

   May 1.59 

   June 1.50 

   July 1.45 

   August 1.18 

   September 1.49 

   October 0.70 

   November 1.50 

   December 1.11 

Year
2 

 

   2006 (August – December) 2.99 

   2007 (January – December) 1.58 

   2008 (January – December) 0.42 

   2009 (January – December) 0.47 

   2010 (January – December) 1.49 

   2011 (January – February) 0 

Season
1 

 

   Spring (April – June) 1.6 

   Summer (July – September) 1.4 

   Fall (October – December) 1.1 

   Winter (January – March) 0.6 

Service
3 

 

   Acute care 3.4 

   Complex care 0.5 

   Hospice 0 

   Intensive care unit 2.7 

   Internal medicine 2.2 

   Oncology 0.8 

   Pediatrics 0 

   Psychiatry 1.0 
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CDI Characteristics 
Incidence rate of CDI 

(cases per 10,000 patient days) 

   Rehabilitation 0.9 

   Surgery 1.6 

Ward
3 

 

   M1 3.4 

   S1 1.7 

   S2 1.5 

 

1 
Incidence rate presented is based on an average for that specific period 

2 
Incidence rate presented is the total for that specific year 

3 
Incidence rate presented is the total for that service or ward from August 2006 to 

February 2011 
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Table 4.2: Typing data for 18 Clostridium difficile patient isolates, collected between 

March 1, 2010 and February 28, 2011, from a community hospital in southern Ontario, 

Canada. 

 

Ribotype Number of C. difficile isolates (%) Toxin genes 

027 6 (33.3) tcdA, tcdB, cdtA 

001 3 (16.7) tcdA, tcdB 

V 2 (11.1) tcdA, tcdB 

Y 2 (11.1) tcdA, tcdB, cdtA 

AF 1 (5.6) tcdA, tcdB 

T 1 (5.6) tcdA, tcdB 

CMFA 1 (5.6) tcdA, tcdB 

CMFB 1 (5.6) tcdA, tcdB 

CMFC 1 (5.6) tcdA, tcdB, cdtA 

 

tcdA: Toxin A 

tcdB: Toxin B 

cdtA: Binary toxin 
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Table 4.3: Univariable multilevel* negative binomial regression analysis of variables 

associated with the rate of Clostridium difficile infection cases, from August 1, 2006 to 

February 28, 2011, in a community hospital in southern Ontario, Canada. 

 

Variable Description IRR 95% CI P-value 

Year 2006 Referent   

 2007 0.48 0.26 – 0.89 0.019 

 2008 0.13 0.05 – 0.32 < 0.001 

 2009 0.16 0.07 – 0.36 < 0.001 

 2010 0.49 0.27 – 0.90 0.022 

Season Fall Referent   

 Winter 0.54 0.25 – 1.18 0.121 

 Spring 1.33 0.73 – 2.42 0.356 

 Summer 1.15 0.63 – 2.07 0.652 

Month January Referent   

 February 4.19 0.47 – 37.55 0.200 

 March 4.76 0.54 – 41.95 0.160 

 April 7.52 0.89 – 62.97 0.063 

 May 8.70 1.09 – 69.11 0.041 

 June 7.55 0.92 – 61.69 0.059 

 July 6.36 0.75 – 53.59 0.089 

 August 6.19 0.77 – 50.00 0.087 

 September 7.95 1.01 – 62.47 0.049 

 October 5.01 0.59 – 41.95 0.137 

 November 6.90 0.86 – 55.33 0.069 

 December 6.11 0.76 – 49.29 0.089 

Service Medicine
1 

Referent   

 Surgery
 

1.29 0.27 – 6.31 0.747 

 Other
2 

1.02 0.29 – 3.61 0.973 

 

* 
Random intercept for ward 

IRR: Incidence rate ratio 

CI: Confidence interval 

1 
Included the following departments: intensive care (adult and neonatal), oncology, 

pediatrics, and internal medicine 

2 
Included the following departments: psychiatry, rehabilitation, hospice, childbirth, and 

nursery 
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Table 4.4: Multivariable multilevel* negative binomial regression model of variables 

associated with the rate of Clostridium difficile infection cases, from August 1, 2006 to 

February 28, 2011, in a community hospital in southern Ontario, Canada. 

 

Variable Description IRR 95% CI P-value 

Year 2006 Referent   

 2007 0.43 0.22 – 0.83 0.013 

 2008 0.11 0.04 – 0.29 < 0.001 

 2009 0.14 0.06 – 0.32 < 0.001 

 2010 0.43 0.22 – 0.83 0.012 

Season Fall Referent   

 Winter 0.81 0.36 – 1.80 0.606 

 Spring 2.07 1.10 – 3.89 0.023 

 Summer 1.29 0.73 – 2.29 0.379 

Service Medicine
1 

Referent   

 Surgery
 

1.15 0.20 – 6.53 0.871 

 Other
2 

0.74 0.18 – 2.95 0.667 

 

* 
Random intercept for ward 

IRR: Incidence rate ratio 

CI: Confidence interval 

1 
Included the following departments: intensive care (adult and neonatal), oncology, 

pediatrics, and internal medicine 

2 
Included the following departments: psychiatry, rehabilitation, hospice, childbirth, and 

nursery 
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Table 4.5: Based on the final multivariable multilevel negative binomial regression 

model, statistically significant model-based contrasts between the rate of Clostridium 

difficile infection cases, from August 1, 2006 to February 28, 2011, and independent 

variables year and season, in a community hospital in southern Ontario, Canada. 

 

Surfaces IRR  95% CI P-value 

2007 versus 2008 3.82 1.60 – 9.12 0.002 

2007 versus 2009 3.15 1.39 – 7.08 0.006 

2010 versus 2008 3.85 1.61 – 9.21 0.002 

2010 versus 2009 3.17 1.42 – 7.08 0.005 

Spring versus Winter 2.56 1.22 – 5.38 0.013 

 

IRR: Incidence rate ratio 

CI: Confidence interval 
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Table 4.6: Statistically significant temporal clusters of Clostridium difficile infection rates in a community hospital in southern 

Ontario, Canada, between August 1, 2006 and February 28, 2011. 

 

Cluster 

Number 

Cluster 

Description 

Date of cluster 

(year/month/day) 

Number  

of cases 
Observed/Expected P-value Ribotype (n) 

Hospital wide scans 

1
a 

2006-2011
1 

2006/8/1 – 2007/8/31 44 2.22 < 0.001 Not available 

2
b 

2006-2011
1 

2010/3/1 – 2010/12/31 24 2.39 0.001 

027 (6), 001 (3), 

MOH-V (2),  

MOH-Y (2),  

MOH-AF (1),  

MOH-T (1),  

CMFA (1),  

CMFB (1),  

CMFC (1) 

3
c 

2007
2 

2007/4/1 – 2007/8/31 19 1.75 0.025 Not available 

4
d 

2008
3 

2008/9/1 – 2008/10/31 5 4.22 0.041 Not available 

5 2009
2 

2009/5/1 – 2009/9/30 8 2.39 0.006 Not available 

Service scans 

6
b Complex care,  

2006-2011
2,4 2010/4/1 – 2010/5/31 4 10.32 0.04 

CMFA (1), CMFB(1), 

MOH-V (1), 001 (1) 

7
c 

Intensive care 

unit,  

2006-2011
2, 5

 

2007/6/1 – 2007/7/31 4 12.14 0.019 Not available 

8
a 

Internal 

medicine,  

2006-2011
1 

2006/8/1 – 2007/8/31 18 2.82 < 0.001 Not available 
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Cluster 

Number 

Cluster 

Description 

Date of cluster 

(year/month/day) 

Number  

of cases 
Observed/Expected P-value Ribotype (n) 

9
c Internal 

medicine, 2007
2 2007/4/1 – 2007/8/31 10 2.37 0.001 Not available 

10
d Internal 

medicine, 2008
3 2008/9/1 – 2008/10/31 3 5.78 0.026 Not available 

11
a Psychiatry,  

2006-2011
1 2006/8/1 – 2007/9/30 9 4.23 < 0.001 Not available 

Ward scans 

12
a 

M1, 2006-2011
1 

2006/8/1 – 2007/8/31 14 3.41 < 0.001 Not available 

13
d 

M1, 2006-2011
3,6 

2008/9/1 – 2008/10/31 3 15.17 0.017 Not available 

14
c 

M1, 2007
2 

2007/4/1 – 2007/8/31 9 2.37 0.004 Not available 

15
a 

S1, 2006-2011
2 

2006/11/1 – 2006/12/31 4 9.83 0.042 Not available 
 

n: Number of isolates 

1 
Long duration cluster (7–14 months in length)

  

2 
Short duration cluster (1–6 months in length) 

3 
Cluster was part of the C. difficile outbreak identified by Infection Control and Prevention personnel 

4 
Cluster was also identified in the Complex care department for the 2010 annual analysis 

5 
Cluster was also identified in the Intensive care unit for the 2007 annual analysis 

6 
Cluster was also identified in M1 in the 2008 annual analysis 

a-d 
Indicates a cluster identified by  >1 temporal scan  
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Figure 4.1: The incidence rate of Clostridium difficile infection cases per month, from August 1, 2006 to February 28, 2011, in a 

community hospital in southern Ontario, Canada.  
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Chapter 5 

Detection of methicillin-resistant Staphylococcus aureus clusters, using the temporal 

scan statistic, in a community hospital in southern Ontario, Canada, 2006-2011 

 

Abstract  

            Methicillin-resistant Staphylococcus aureus (MRSA) outbreaks in healthcare 

facilities represent a significant burden to public health. Conventional surveillance 

techniques using rule-based guidelines may result in the under-reporting or over-

reporting of MRSA outbreaks, as these guidelines are generally unvalidated. The 

application of statistical methods to surveillance data may enhance the detection of 

MRSA clusters. The objectives of this study were to 1) investigate the utility of the 

temporal scan statistic for detecting MRSA clusters in a community hospital and validate 

clusters using molecular techniques and hospital records, and 2) determine if there were 

significant differences in the rate of MRSA cases by month, season, and year using 

regression models.             

            Patients admitted to a community hospital in southern Ontario, Canada between 

August 2006 and February 2011, and identified with MRSA (infection or colonization)   

> 48 hours following hospital admission were included in this study. Data collected from 

each patient included a unique identifier, the month and year MRSA was identified, and 

the location of the patient when MRSA was identified. Only one MRSA incident per 

patient per admission-discharge period was included. For patients identified with MRSA 

between March 2010 and February 2011, MRSA specimens were obtained for spa typing. 

MRSA clusters were investigated using a retrospective temporal scan statistic. Tests were 

conducted on a monthly scale and significant clusters were compared to MRSA outbreaks 

identified by hospital personnel. Associations between the rate of MRSA cases and the 

independent variables year, month, and season were investigated using a multivariable 

multilevel negative binomial regression model. 

Overall, 735 MRSA cases from 686 patients were identified during the study 

period and 167 MRSA isolates were spa typed. Nine different spa types were identified 

with spa type 2/t002 (88.6%) being the most prevalent. The temporal scan statistic 

identified statistically significant clusters of MRSA (infections and colonization) at the 
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hospital (n=2), service (n=16), and ward (n=10) levels (P≤ 0.05). Fifteen clusters were 

classified as unique events. Seven (77.8%) clusters were concordant with nine MRSA 

outbreaks identified by hospital staff. For the remaining clusters, seven events may have 

been equivalent to true outbreaks based on the number of cases identified during a short 

period of time. An additional six clusters were characterized with molecular data and 

demonstrated possible transmission events. Results from the regression analysis indicated 

that years 2009-2011, compared to 2006, and months March and April, compared to 

January, were associated with an increase in the rate of MRSA cases in the hospital (P≤ 

0.05). 

In a community hospital setting, the application of the temporal scan statistic 

identified several MRSA clusters that were not detected by hospital personnel. However, 

for MRSA clusters with long durations, spa typing did not further elucidate transmission 

events due to the presence of a predominant spa type in the patient population. The 

identification of specific years and months with increased MRSA rates may be 

attributable to several hospital level factors including the presence of other pathogens. 

Within hospitals, the incorporation of the temporal scan statistic to standard surveillance 

techniques is a valuable tool for healthcare workers to evaluate surveillance strategies and 

aid in the identification of MRSA clusters. 

 

1.0 Introduction 

In the healthcare setting, the timely identification of hospital-associated infections 

(HAIs) and the institution of infection control measures are crucial steps for the 

prevention and reduction of transmission events and outbreaks in the patient population. 

However, the detection of transmission events is based on limited evidence (Köser et al., 

2012), and detection of specific pathogen clusters is generally subjective in nature 

(Huang et al., 2010). Furthermore, even well-established infection prevention strategies 

can be often disregarded (Craven and Shapiro, 2006). Overall, these factors may lead to 

the transmission of pathogens within the hospital, a missed opportunity to investigate a 

disease cluster, or false ascertainment of a cluster resulting in the misuse of hospital 

resources for investigational purposes (Huang et al., 2010). Statistical methods, such as 

the scan statistic, may enhance the identification of disease clusters and/or outbreaks in 
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the hospital setting (Huang et al., 2010; Mellmann et al., 2006). The scan statistic 

(Kulldorff, 2010) can be used to detect and evaluate clusters of infectious diseases in 

space, time, and/or space-time (Pearl et al., 2006; Guerin et al., 2005; Sauders et al., 

2003). By understanding the clustering of infectious diseases spatially and/or temporally, 

potential risk factors can be identified (e.g., Torabi and Rosychuk, 2011), detailed 

investigations determining the association between exposures and disease interventions 

can be facilitated (e.g., Jennings et al., 2005), and outbreaks can be detected (e.g., Pearl et 

al., 2006). 

 Methicillin-resistant Staphylococcus aureus (MRSA) outbreaks in healthcare 

facilities represent a significant burden to public health in terms of ward closures, 

infection control measures, increased patient morbidity and mortality rates, and 

healthcare costs (Goetghebeur et al., 2007; Kim et al., 2001). In hospitals, identification 

of outbreaks is routinely based on the examination of microbiological test results and 

patients‟ charts (Mellmann et al., 2006), with the definition of an outbreak generally 

relying on rule-based criteria (Huang et al., 2010). However, these types of criteria are 

prone to error since they fail to address changes in population size or random variation 

(Huang et al., 2010). With the increasing availability of timely surveillance data within 

the hospital setting, the use of analytical methods may lead to the earlier detection of 

disease clusters or outbreaks (Kulldorff et al., 2005). In hospitals, the incorporation of the 

scan statistic for the detection of MRSA disease clusters, spatially and/or temporally, has 

been limited. In one study, a space-time permutation scan statistic was utilized to detect 

clusters throughout the hospital and using similar antibiograms (Huang et al., 2010). 

However, molecular data were not collected to validate MRSA clusters. In another 

investigation, a temporal scan statistic, incorporating molecular data, was employed to 

identify MRSA clusters which were used as a gold standard to evaluate other algorithms 

for cluster detection (Mellmann et al., 2006). For both investigations, the application of a 

scan statistic to hospital data resulted in the identification of several significant MRSA 

clusters that were not identified by hospital personnel. However, as both studies were 

conducted in academic medical centres, further investigation of the scan statistic for 

identifying MRSA clusters under different healthcare settings is required (Huang et al., 

2010; Mellmann et al., 2006). 
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 The objectives of this study were to investigate the utility of the temporal scan 

statistic for detecting MRSA clusters in a community hospital and to validate significant 

clusters using molecular techniques and hospital records concerning known MRSA 

outbreaks; and to determine if there were significant differences in the rate of MRSA 

infection and colonization cases by month, season, and year using regression models.  

 

2.0 Materials and Methods 

2.1 Study site 

Located in southern Ontario, Canada, the participating study hospital has 345 

beds, over 200,000 in- and out-patient visits annually, and provides an array of services 

including internal medicine, surgery, emergency, pediatrics, oncology, rehabilitation, 

intensive care, and psychiatry. Both urban and rural populations are served by this 

facility. This study was approved by the research ethics boards of the University of 

Guelph (REB# 09JL017) and the participating hospital (THREB # 2009-0411, RC2009-

10B). 

 

2.2 Surveillance 

 In the study hospital, targeted surveillance for MRSA is conducted based on 

recommendations provided by a Provincial Infectious Diseases Advisory Committee 

(Public Health Ontario, 2012). Briefly, at the time of hospital admission, patients 

identified as having an increased risk for MRSA acquisition are screened. These risk 

factors include (Public Health Ontario, 2012): 

 Previous colonization or infection with MRSA; 

 Time spent in any healthcare facility in the previous twelve months (time defined 

as > 12 continuous hours); 

 Recent exposure to a unit/ward/area of a healthcare facility identified with an 

MRSA outbreak; or 

 Individuals receiving home healthcare or treatment with an indwelling medical 

device. 

 For MRSA detection, specimens are obtained from the anterior nares and the 

perineal area (surveillance sample); and from any skin lesions, wounds, incisions, ulcers, 
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and exit sites of indwelling devices (clinical sample) (Public Health Ontario, 2012). For 

patients identified as having an increased risk for MRSA colonization at admission, 

surveillance cultures are obtained and the patient is placed under contact precautions until 

laboratory testing is completed. If admission samples (surveillance and/or clinical) are 

MRSA positive, the patient is placed in contact isolation and MRSA surveillance cultures 

are performed weekly. Contact isolation protocols are discontinued when the patient has 

three negative surveillance cultures, taken at weekly intervals. 

During an outbreak or for patients located on high risk units (e.g., intensive care 

unit), universal admission screening is conducted. For patients hospitalized for an 

extended period of time, weekly MRSA surveillance cultures are performed. In addition, 

for patients identified with indwelling medical devices or wounds, these sites are 

monitored by weekly culture. During hospitalization, if patients are identified with 

MRSA through routine point prevalence surveillance cultures, they are placed on contact 

precautions in a private room or cohorted with another MRSA patient. If a patient is 

identified as an MRSA contact (i.e., roommate of a patient who is found to be MRSA 

positive), the MRSA contact will have two sets of surveillance cultures taken with at least 

one set taken seven days following their last exposure to the MRSA patient (Public 

Health Ontario, 2012). In the participating hospital, MRSA cases were classified as 

hospital-associated (HA) if the patient was identified with MRSA (infection or 

colonization) >48 hours following hospital admission.  

 

2.3 Data collection 

For a case to be included in this investigation, MRSA was identified between 

August 1, 2006 and February 28, 2011 and > 48 hours following hospital admission. 

Patients that were identified as being either infected or colonized with MRSA were 

included. Only one MRSA isolation event per patient per admission-discharge period was 

included in the analyses. The admission-discharge period was defined as the time interval 

from when a patient was admitted to, and discharged from, the hospital. Transfer to 

another ward within the hospital was not considered a discharge. For a patient to be 

admitted ≥ 2 times to the hospital, > 24 hours between the discharge and admission dates 

was required. Data from the first bacteriology report per patient per admission-discharge 
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period were obtained. Bacteriology reports from MRSA cases located in the emergency 

and hemodialysis wards were excluded as these departments specifically support 

outpatients.  

For MRSA cases identified between March 1, 2010 and February 28, 2011, the 

hospital‟s microbiology laboratory collected and submitted patient MRSA isolates for 

molecular typing. In the participating facility, MRSA was confirmed from surveillance 

samples using chromogenic agar (BBL CHROMagar, MRSA, Becton, Dickinson and 

Company, Sparks, Maryland, USA), the penicillin-binding protein 2a latex agglutination 

test (MRSA latex agglutination test, Oxoid Ltd., Hants, UK), and Vitek
®
 2 (bioMérieux, 

Marcy-l‟Étolie, France) according to the manufacturers‟ instructions. For clinical 

samples, S. aureus was confirmed using the gram stain and the tube coagulase test and 

MRSA was confirmed using Vitek
®
 2. For surveillance and clinical MRSA isolates, a 

standard panel of antimicrobials was used for susceptibility testing and included rifampin, 

clindamycin, trimethoprim and sulfamethoxazole, and vancomycin. Testing was 

performed using Vitek
®
 2 and results were based on the standards set by the Clinical and 

Laboratory Standards Institute (CLSI) (CLSI, 2009). At the hospital level, all specimens 

submitted for MRSA testing were collected at the discretion of medical personnel. Only 

one MRSA isolate per patient was collected for molecular typing. 

Data collected from the bacteriology report included a unique patient identifier, 

dates pertaining to patient admission, discharge, and when a specimen was collected for 

MRSA testing, the ward location of the patient when the specimen was obtained, and the 

antimicrobial susceptibility profile of the MRSA isolate. For ward location, bacteriology 

reports provided both service and ward designations. Services were defined as specific 

departments (e.g., internal medicine, surgery) whereas wards were characterized as 

specific, physically distinct units that comprised a service (e.g., wards S1 and S2 

constituted the surgery service).  

Information pertaining to the number of patient days per month for each service 

was obtained. For wards, data on patient days were collected only from those wards that 

were operational and provided the same service for the complete study period (i.e., 55 

months). For descriptive statistics, incidence rates for MRSA were expressed as the 

number of MRSA cases per 10,000 patient days. 
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 Data pertaining to known MRSA outbreaks that occurred during the study period 

(e.g., start and end date, ward location, and number of patients involved) were collected 

from the hospital‟s Infection Prevention and Control (IPC) department. The molecular 

identity of MRSA strains involved in previous outbreaks was not available as this 

healthcare facility does not routinely analyze MRSA strains at the molecular level. In the 

study hospital, standardized rule-based criteria to identify MRSA outbreaks are not 

employed. Due to the lack of a formal definition, MRSA outbreaks were identified by 

hospital personnel based on an increase in the baseline MRSA rate over a rapid time 

period. 

 

2.4 Processing of specimens 

 Patient isolates were obtained from the hospital‟s microbiology laboratory 

following MRSA confirmation. Isolates were collected from culture plates using a sterile 

culture swab with Stuart‟s media and forwarded to the laboratory at the University of 

Guelph. Upon arrival, culture swabs were streaked onto blood agar (Oxoid, Nepean, 

Ontario, Canada) and incubated at 35°C, aerobically, for 24 hours. Colonies were 

identified as S. aureus by Gram stain, catalase test, tube coagulase test, and the S. aureus 

latex agglutination assay (Pastorex Staph-plus, Bio-Rad Laboratories Ltd., Mississauga, 

Ontario, Canada). The presence of methicillin-resistance was confirmed by the penicillin-

binding protein 2a latex agglutination test (MRSA latex agglutination test, Oxoid Ltd., 

Hants, UK). 

  

2.5 Molecular typing 

Molecular typing of MRSA was conducted using sequence analysis of the X 

region of the staphylococcal protein A gene (spa typing) (Shopsin et al., 1999). 

Sequences were then analyzed using two different methodologies; eGenomics software 

(www.tools.egenomics.com) and the Ridom system (www.spaserver.ridom.de). Based on 

eGenomics, spa types are reported using a numerical system (e.g., spa type 2) whereas 

Ridom spa types are reported using a numerical system preceded by a „t‟ (e.g., t002). The 

spa types were compared to epidemic MRSA strains that are frequently found in Canada 

(Golding et al., 2008). In addition, all MRSA isolates were investigated for the lukF-PV 
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gene encoding the Panton-Valentine leukocidin (PVL) toxin by real-time PCR (Rankin et 

al., 2005). 

 To determine the clustering of spa types, all spa typing data were imported into 

BioNumerics (version 6.6; Applied Maths, Ghent, Belgium) and were analyzed using the 

spa typing plug-in tool. A minimum spanning tree (MST) was constructed using the 

default distance bin size of 100%. Only spa types that differed by ≤ 2 repeats were 

considered to be closely related (Tenover et al., 2012). 

 

2.6 Statistical analysis 

 All bacteriology reports were provided by the hospital in electronic format. The 

temporal scan statistic was performed using SaTScan version 9.0 (Kulldorff, 2010) and 

all descriptive statistics and model building were conducted using Stata 11.0 (StataCorp, 

College Station, Texas, USA). For all hypothesis tests, a 5% significance level was 

applied (α≤ 0.05), if not stated otherwise. 

 

2.6.1 Statistical model 

To evaluate the association between the rate of MRSA cases in the hospital and 

the independent variables year, month, and season, a Poisson regression analysis was 

conducted. For the independent variable season, months were categorized in the 

following groupings: winter (January – March), spring (April – June), summer (July – 

September), and fall (October – December).The dependent variable and offset were the 

number of MRSA cases and the natural log of the population at risk (i.e., patient days), 

respectively, for a particular month. Due to the hierarchical structure of the data, MRSA 

cases nested in wards, a multilevel Poisson model including a random intercept for ward 

and a fixed effect for service, was used to adjust for clustering. Specifically, the variable 

service was categorized as medicine (intensive care, oncology, pediatrics, internal 

medicine), surgery, and other (psychiatry, rehabilitation, hospice, childbirth, nursery). 

The Spearman‟s rank correlation coefficient was used to identify correlations 

between all independent variables. Variables with a correlation above 0.8 were 

investigated for collinearity and the biologically more plausible variable was retained in 

the model (Dohoo et al., 2012a). Univariable multilevel Poisson models were fit using 
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marginal likelihood estimation via the adaptive quadrature algorithm (as implemented in 

the xtmepoisson procedure in Stata) to screen each independent variable with the 

dependent variable using a liberal significance level (α≤ 0.20). Manual backwards step-

wise modeling was applied to fit a multivariable multilevel Poisson model to all 

previously identified significant co-variables. To assess the significance of the 

independent variables, the likelihood ratio test was utilized. Confounding was evaluated 

by examining the effect of the removed variables on the coefficients of the remaining 

variables. A variable was considered to be a confounder if it changed the model 

coefficients by ≥ 20% (Dohoo et al., 2012b). Interaction terms were examined for all 

independent variables. Due to concerns regarding unexplained overdispersion, the 

Poisson random effects model was compared to a negative binomial random effects 

model using Akaike‟s Information Criteria (AIC). The random effects negative binomial 

model allowed the overdispersion parameter to vary randomly by cluster based on a beta 

distribution (using the xtnbreg command in Stata) (StataCorp, 2009). The model with the 

lowest AIC was selected. Based on the final multivariable model, contrasts for 

independent variables with >2 categories were examined to investigate significant 

differences between any two categories. 

 

2.6.2 Temporal scan statistic 

To identify MRSA clusters, the temporal scan statistic employing a Poisson 

model was used. The scan statistic involves a flexible scanning window that gradually 

moves across time. The number of observed and expected observations inside the 

window is compared to outside the window, at each time period, with the greatest excess 

of observed cases noted (Kulldorff, 2010; Kulldorff et al., 2005). Under the null 

hypothesis, the expected number of cases in each time period covered by the scanning 

window is proportional to its population size; whereas under the alternative hypothesis, 

there is an elevated risk within the window as compared to outside the window 

(Kulldorff, 2010).The window identified as least likely due to chance, is subsequently 

evaluated by a maximum likelihood test with a test decision based on a Monte-Carlo 

simulated P-value (Kulldorff, 2010). Monte Carlo replications were set at 9999 for this 

analysis. 
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To detect MRSA clusters, only periods with high rates (i.e., a one-tailed test) were 

scanned. The maximum temporal window size was set to 50% of the study period. In 

addition, the scan test was adjusted for more likely clusters via an iterative test procedure 

with the identified clusters from previous iterations removed from the data set and a new 

analysis performed using the remaining data (Kulldorff, 2010). Data were analyzed on a 

monthly scale. A cluster was defined as a period where the rate of MRSA cases was 

statistically higher than expected inside a window compared to outside a window. 

Retrospective monthly scan tests were conducted for the entire study period (i.e., 

August, 2006 to February, 2011) as well as annually (January 1
st
 – December 31

st
) from 

2006 to 2011. For 2006, the time interval was restricted to August 1
st
 – December 31

st
 

and for 2011, the time interval was limited to January 1
st
 – February 28

th
. For each time 

interval, temporal scan tests were conducted to identify MRSA clusters at three different 

levels including hospital wide, services, and wards. For this analysis, 10 services were 

identified and included acute care, complex care, hospice, the intensive care unit, internal 

medicine, oncology, pediatrics, psychiatry, rehabilitation, and surgery. Five wards were 

identified and included M1 (internal medicine), S1 (surgery), S2 (surgery), C1 (complex 

care), and C2 (complex care).  

Significant (P≤ 0.05) clusters that were identified by the temporal scan statistic 

were compared to outbreaks identified by the IPC department. For clusters that were 

characterized with molecular data, MRSA cases that comprised significant clusters were 

evaluated based on spa type. Characteristics of significant clusters (e.g., time frame, 

observed and expected case numbers, P-value, and spa type) are reported. 

 

3.0 Results  

3.1 Descriptive statistics 

      Data on 735 MRSA cases, from 686 patients, were obtained during the study 

period. A total of 642 (93.6%) patients were identified with MRSA during one hospital 

admission-discharge period and 44 (6.4%) patients were identified with MRSA during 

two or more hospital admission-discharge periods. For the 686 patients, 51.6% (n=354) 

were male and 48.4% (n=332) were female. For male patients, ages ranged from 21 
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months to 97 years (mean=72.6 years, median=76 years) and for female patients, ages 

ranged from 7 to 100 years (mean=73.8 years, median=78 years). 

      The monthly incidence rate of MRSA fluctuated over the study period (Figure 

5.1) ranging from 2.10 to 24.22 MRSA cases (colonization and infection)/10,000 patient 

days with a mean of 9.59 MRSA cases/10,000 patient days. Summary characteristics of 

the MRSA incidence rate per month, year, season, service, and ward are presented in 

Table 5.1. Overall, the highest incidence rates of MRSA occurred during 2010 and in 

2011 (during the first two months in which surveillance data were available). On average, 

March, April, and May reported the highest MRSA rates on a monthly basis. At the 

service level, the highest MRSA rates occurred in the surgery, internal medicine, and 

hospice departments, whereas, the pediatric department reported the lowest MRSA 

incidence rate in the hospital.  

      From March 1, 2010 to February 28, 2011, 267 MRSA cases were identified and 

167 (62.5%) patient isolates were obtained for spa typing (Table 5.2). Overall, nine 

different spa types were identified with spa type 2/t002 (88.6%) being the most 

prevalent. When spa types were categorized according to the epidemic CMRSA type, the 

majority (97.6%) of spa types were classified as CMRSA-2 (Table 5.2). Only one spa 

type, 93/t026, was classified as CMRSA-1. All isolates were negative for the PVL toxin 

gene. 

      Based on the MST that was constructed for clustering spa types (Figure 5.2), one 

major group was observed with seven different spa types reported as being closely 

related (i.e., difference is ≤ 2 repeats) to spa type 2/t002. These closely related spa types 

all corresponded to CMRSA-2. Examination of data pertaining to spa types and 

collection dates revealed that spa type 2/t002 was observed throughout the entire 

collection period (Figure 5.3). Excluding spa type 93/t026, all other spa types were 

identified between August 2010 and February 2011.  

      For two or more MRSA isolates found with identical spa types, antimicrobial 

susceptibility profiles of spa types were examined to determine if the molecular findings 

could be further characterized (Table 5.3). For spa types 23/t548, 93/t026, 268/t067, and 

387/t653, the antimicrobial susceptibility profiles were identical between spa types. For 

spa type 2/t002, three different antimicrobial susceptibility profiles were identified.  
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3.2 Statistical model 

A random effects negative binomial model was chosen over the random effects 

Poisson model based on the AIC value. Results from the univariable multilevel negative 

binomial models indicated that year and month were all significantly associated with the 

rate of MRSA cases in the hospital (Table 5.4). The final multivariable multilevel 

negative binomial model indicated that year and month were significantly associated with 

the rate of MRSA cases (Table 5.5). Interactions between the variables year and month 

could not be assessed due to the number of categories for each independent variable and 

the resulting small number of observations per interaction term. For the independent 

variable year, years 2009-2011 had MRSA rates that were significantly higher than the 

MRSA rates in 2006. Results from model-based contrasts indicate that years 2009-2011 

also had significantly higher MRSA rates than years 2007 and 2008 (Table 5.6). In the 

final model, the rates of MRSA were also significantly higher in months March and April 

compared to January. Results from model-based contrasts demonstrated that significant 

increased MRSA rates were also noted in March and April compared to June, and for 

April compared to February. 

 

3.3 Temporal scan statistic 

      Over the study period, the temporal scan statistic identified statistically significant 

MRSA clusters at the hospital (n=2), service (n=16), and ward (n=10) levels (Table 5.7). 

As separate scan tests were performed at various levels, it was observed that several 

clusters overlapped in time and location (i.e., service and wards). Of the 26 clusters 

identified at the service and ward levels, 15 were classified as unique events. 

      Overall, clusters ranged in duration from 1 to 25 months (mean=9.1 months, 

median=5.5 months) and involved 6 to 376 patients (mean=43.3, median=17.5) per 

cluster. Using routine surveillance, IPC personnel identified nine MRSA outbreaks 

during the study period. These outbreaks occurred in five wards (equivalent to three 

services), ranged from 2 weeks to 14 months in duration, and involved 4 to 68 patients 

(mean=14, median=6.5) per outbreak. Seven (77.8%) of these previously known 

outbreaks were identified as significant clusters (Cluster ID 6, 19, 20, 22-25) based on the 

temporal scan statistic. Of the seven events that were identified by both IPC personnel 
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and the temporal scan statistic, three clusters (Cluster ID 19, 20, 24) were further 

characterized using molecular data. For all three clusters, more than one spa type was 

identified; however, spa type 2/t002 was the most prevalent MRSA strain in all three 

events. For the cluster identified in ward S1 from July 2007 to February 2011, further 

investigation revealed that spa type 387/t653 was identified in two different patients in 

November, 2010. 

      For the remaining MRSA clusters, 11 (52.4%) events were considered to be of 

short duration (i.e., 1-6 months in length) and 10 (47.6%) events were considered to be of 

long duration (i.e., 7-25 months in length). Examination of short duration clusters 

revealed that seven of the events (Cluster ID 2, 5, 11, 15, 17, 18, 27) may have been 

potential outbreaks as there were considerably large numbers of MRSA cases detected 

during a short time span. For two of these clusters, typing data indicated that spa type 

2/t002 was the prevalent MRSA strain identified in the patient population.  

      For 10 long duration clusters, seven (Cluster ID 1, 4, 7, 8, 12, 13, 26) were further 

characterized with molecular data. For six of these events (Cluster ID 1, 4, 7, 12, 13, 26), 

several spa types were identified circulating in the patient population. However, like the 

short duration clusters, spa type 2/t002 was the predominant MRSA strain in all seven 

events. Further analysis of the long duration clusters revealed potential transmission of 

non-spa type 2 MRSA strains. For the complex care cluster (Cluster ID 4), spa type 

23/t548 was identified in two different patients, both admitted to the same ward, in 

December 2010. In the internal medicine cluster (Cluster ID 7), two patients were 

identified with spa type 93/t026, seven weeks apart. For the surgery cluster (Cluster ID 

13), two patients, located in the same ward, were identified with spa type 387/t653 in 

November 2010. 

 

4.0 Discussion  

 In the present investigation, a cluster was defined as a statistically significant high 

rate of MRSA cases within a time period. Using the temporal scan statistic, several 

significant MRSA clusters were identified, during the 2006-2011 surveillance period, in a 

community hospital. During the same time period, nine MRSA outbreaks were identified 

by IPC personnel using standardized surveillance techniques. However, only seven of 
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these outbreaks were identified by the temporal scan statistic as significant clusters. This 

was not surprising, as others have reported similar results regarding the discordance 

between events identified by hospital staff and the identification of clusters employing a 

scan statistic (Huang et al., 2010; Mellmann et al., 2006).  

Investigation of the seven outbreaks identified by both hospital staff and the 

temporal scan statistic indicated that five (Cluster ID 19, 20, 23-25) were identified by 

the scan test with a starting and/or end date that were different from the dates provided by 

IPC personnel. Specifically, clusters identified by the temporal scan statistic were one to 

seven months longer in duration; consequently, a greater number of MRSA cases per 

cluster were identified. For four of the clusters (Cluster ID 19, 23-25), the temporal scan 

statistic indicated that these events occurred prior to dates reported by IPC personnel.  

This is an important finding as these events demonstrate that there may have been a delay 

in the institution of infection control strategies. Furthermore, two of the clusters (Cluster 

ID 20, 24) were identified as being longer in duration by the temporal scan statistic; 

therefore, premature discontinuation of infection control measures by IPC personnel may 

have occurred. 

For the two MRSA outbreaks identified by IPC staff only, one outbreak was 

located in the intensive care unit (n=6 patients, 1 month in duration) and the other 

outbreak was located in a ward in the internal medicine department (n=11 patients, 6 

weeks duration). The outbreak in the intensive care unit was identified by the temporal 

scan statistic; however, the cluster was not significant. For the outbreak identified in the 

ward of the internal medicine department, this particular ward was only operational for 

27 of the 55 months that the study was conducted, and therefore, did not meet the 

inclusion criteria for a temporal scan test to be conducted at the ward level. However, 

temporal scan tests conducted at the hospital and service (e.g., internal medicine) levels 

did not result in the identification of a cluster that corresponded in time to the MRSA 

outbreak. In the participating healthcare facility, specific rule-based criteria (e.g., ≥ 3 

HA-MRSA cases in a 2 week period) are not used to establish MRSA outbreaks. Rather, 

data pertaining to the number of MRSA cases and the time period (i.e., number of days) 

are used to ascertain if an outbreak exists in the patient population and if an investigation 
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should be initiated. This type of surveillance is subjective in nature and may be prone to 

under-reporting or over-reporting of MRSA outbreaks.  

Of the 11 short duration (e.g., 1-6 months) clusters that were identified during this 

investigation, seven events were labelled by the investigators as potential outbreaks due 

to the large number of MRSA cases identified over a short time period. However, only 

two of these events could be analyzed at the molecular level, with spa type 2/t002 as the 

predominant MRSA strain in each cluster. These molecular findings indicate that 

transmission events may have occurred and that these clusters may have been equivalent 

to true outbreaks.  

The biological relevance of the 10 long duration (e.g., 7-25 months) clusters is 

more difficult to discern. These clusters may represent extended outbreaks, temporal 

trends, changes in pathogen characteristics, or the representation of systematic changes 

(e.g., surveillance techniques, cleaning policies) at the hospital level during the 

surveillance period. 

For many of the long duration clusters, several non-spa type 2/t002 MRSA strains 

were identified in the patient population. These particular MRSA strains may indicate 

unique transmission events between patients or be part of an outbreak, as researchers 

have documented the existence of more than one MRSA strain during an outbreak 

investigation (Hall et al., 2008; Cuny et al., 1993). Alternatively, these non-spa type 

2/t002 strains may represent genetic changes within the spa gene, such as deletions or 

duplications of repeats and point mutations (Kuhn et al., 2007), resulting in different spa 

types. Based on the MST that was constructed (Figure 5.3), six of the spa complexes 

were closely related to spa type 2/t002 by a difference in one repeat. For MRSA and S. 

aureus, research exploring the time required for a genetic event to occur has been 

conducted; however, results of these investigations are based on specific strains and 

specific locations of the genetic event. Single-nucleotide polymorphisms (SNPs) of the 

core genome of MRSA occurred approximately every six weeks for sequence type (ST) 

239 (Harris et al., 2010) and every 15 weeks for ST22 (Harris et al., 2013). Kahl and 

colleagues (2005) determined that in the polymorphic region of the spa gene of S. aureus 

isolates from patients with cystic fibrosis, a genetic event occurred nearly every 70 

months which resulted in half of the patients being identified with a different spa type on 
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consecutive isolates. Interestingly, in the present investigation, spa type 2/t002 was 

identified during the entire period in which patient specimens were collected. Excluding 

spa type 93/t0260, all other spa types, which were classified as CMRSA-2, were 

identified during the latter half of the collection period (Figure 5.2). Based on the above 

information, it is possible that for some of the long duration statistical clusters, changes in 

the genetic structure of spa type 2/t002 resulted in the identification of a different spa 

type during the latter aspect of the surveillance period. Other plausible explanations for 

observing diverse spa types in these clusters include the introduction of spa types into the 

hospital during the second half of the collection period via staff, visitors, and patients 

which resulted in transmission events, and healthcare workers and patients that may have 

been colonized with variant MRSA strains. 

For spa types identified with ≥ 2 MRSA isolates, antimicrobial susceptibility 

profiles were examined to determine if differences in antibiograms could provide further 

characterization of clusters. For spa type 2/t002, nine MRSA isolates were identified as 

being susceptible to clindamycin whereas all other spa type 2/t002 isolates were resistant. 

Further investigation of these nine MRSA isolates revealed that three isolates were 

identified in the same internal medicine cluster (Cluster ID 7; n=2 in May, 2010; n=1 in 

December, 2010) and three isolates were identified in the same surgery cluster (Cluster 

ID 13; n=1 in July, 2010; n=1 in August, 2010; n=1 in September, 2010). The 

identification of identical spa types and antibiograms in two long duration clusters, 

suggests that transmission events among patients, hospital staff, or possibly even the 

contaminated environment, may have occurred. For spa types 23/t548, 93/t026, 268/t067, 

and 387/t653, it was noted that these particular spa types had indistinguishable 

antimicrobial profiles. This demonstrates that for the identification of transmission events 

and the determination of cases as outbreak or non-outbreak, relying on antibiogram data 

may result in inaccurate findings and the misclassification of cases as MRSA strains that 

differ genotypically may display identical antimicrobial susceptibility profiles. 

In the study hospital, molecular typing of MRSA isolates is not routinely 

performed. This was a major limitation of this study, as there was no prior knowledge of 

the endemic MRSA strains in this facility. Furthermore, not all MRSA isolates were 

collected from the hospital‟s microbiology laboratory for spa typing. Consequently, the 
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true molecular composition for some clusters is not known, and it could not be 

determined if all cases within clusters were a result of unique transmission events or part 

of a true outbreak. 

For both short and long duration clusters that contained molecular data, the 

identification of a predominant spa type, spa type 2/t002, may indicate the circulation of 

an MRSA strain in the patient population equivalent to an outbreak or distinct 

transmission events resulting from environmental contamination or colonization of 

hospital staff, visitors, and patients. Therefore, in the case of a predominant or endemic 

MRSA strain, spa typing provided very little information in this investigation and the 

application of a different typing technique or additional supplementary information may 

be warranted to decipher transmission events and clusters. 

Although it was not conducted in this study, the incorporation of whole-genome 

sequencing may be a viable tool for further elucidating possible transmission events and 

identify potential/true outbreaks in the hospital setting. Whole-genome sequencing 

provides an inventory of the microevolutionary changes of a bacterium and can be used 

to map genome-wide SNPs, insertions, and deletions to a reference sequence (Harris et 

al., 2010). Furthermore, this typing technique provides the best discrimination between 

closely related bacterial isolates in a timely manner (Harris et al., 2013; Köser et al., 

2012). This particular typing technique was used to investigate an MRSA outbreak in a 

neonatal ward in the United Kingdom (Köser et al., 2012). By utilizing whole-genome 

sequencing, the investigators were able to identify a greater number of MRSA outbreak 

cases in addition to demonstrating MRSA transmission in the hospital and community 

settings (Harris et al., 2013). Specifically, this molecular technique helped to expand the 

findings from IPC personnel who used conventional epidemiological data and 

antibiogram profiles to conduct their MRSA outbreak investigation (Harris et al., 2013) 

During the study period, the incidence rate of MRSA fluctuated considerably, 

with significant increases noted in years 2009-2011. Starting in December 2008, Ontario 

hospitals were required to report the number of newly acquired HA-MRSA bacteremias 

on a quarterly basis, to be posted on a web site that is accessible to the public (Health 

Quality Ontario, 2013). Although the figures are affiliated with bacteremias only, the 

public reporting of MRSA did not result in a dramatic decrease in the overall incidence of 
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MRSA in this facility, which is in contrast to C. difficile. In September 2008, monthly 

data on C. difficile infections (CDIs) from Ontario hospitals were also posted on a 

publicly accessed web site (Ontario Hospital Association, 2009). At the participating 

hospital, a separate analysis of CDIs demonstrated that in 2006 and 2007, there were 

significantly more cases of CDI, compared to 2008 and 2009 (Chapter 4). It is theorized 

that the decrease in C. difficile case rates may be attributable to hospitals adhering to best 

practices in C. difficile prevention due to the mandatory public reporting of rates 

(Daneman et al., 2012). It was anticipated that this would also apply to MRSA; however, 

this was not observed.  

The significant increases in the incidence rate of MRSA cases in years 2009-

2011, based on the final multivariable model and model-based contrasts, are concordant 

with the findings from the temporal scan statistic as approximately 60% of the clusters 

identified spanned 2009-2011. The increase in the MRSA case rate during this time 

period may have been due to the presence of respiratory viruses (e.g., influenza) within 

the hospital. Reports of increased hospital MRSA rates during outbreaks of respiratory 

pathogens have been published (Chai et al., 2005; Yap et al., 2004). In the northern 

hemisphere, influenza season occurs from October to March (CDC, 2013). For 2009-

2010, in addition to the regular influenza season, the H1N1 influenza pandemic was 

identified in Canada (Wilkinson et al., 2012) and H1N1 patients were admitted to the 

participating facility. An increase in the MRSA case rate may have occurred as infection 

control activities and surveillance were focused on influenza and away from MRSA 

(Chai et al., 2005), reduced staffing as a result of illness, antimicrobial prescribing 

practices (Yap et al., 2004) especially with fluoroquinolones which may have led to an 

increase in the risk for acquiring MRSA (Weber et al., 2003), and environmental 

contamination of MRSA which may have resulted in transmission events among staff and 

patients.  

The independent variable season was not found to be significantly associated with 

the number of MRSA cases in this hospital. Seasonal variation in MRSA is debatable 

with some studies documenting spring (Monnet et al., 2004) or summer (Van de Griend 

et al., 2009; Wiersma et al., 2009) with increased MRSA rates. However, in these studies, 
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specific aspects of MRSA infections (e.g., community-acquired, hospital-acquired, severe 

only) were investigated.  

A significant increase in the rate of MRSA cases was observed specifically in the 

months of March and April. As previously discussed, an increase in the number of 

MRSA cases in March may have been a result of the presence of influenza in the 

hospital.  

In summary, the application of a temporal scan statistic to historical data from a 

community hospital resulted in the identification of several significant MRSA clusters. 

Further examination of these clusters revealed several events that may be equivalent to 

MRSA outbreaks or transmission events that were not recognized by hospital personnel. 

By adopting a comprehensive approach for MRSA surveillance, clusters were identified 

at the hospital, service, and ward levels. Infection control efforts can be focused at one or 

more levels to identify risk factors for MRSA acquisition and transmission, establish 

interventions, and evaluate control measures. The identification of specific time periods 

that corresponded to significant increases in the rate of MRSA cases in the patient 

population may have been correlated with other determinants at the hospital level, 

including the presence of other pathogens. However, with the identification of a 

predominant spa type circulating in the patient population, the application of spa typing 

provided very little benefit for elucidating transmission events or recognizing potential 

outbreaks, especially for long duration clusters. Future research utilizing the temporal 

scan statistic, prospectively, with the application of molecular typing, especially whole-

genome sequencing, to identify MRSA clusters in real-time and elucidate transmission 

events in the hospital setting, is warranted. 
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Table 5.1: Summary characteristics of 735 cases of methicillin-resistant Staphylococcus 

aureus (MRSA) cases, from August 1, 2006 to February 28, 2011, in a community 

hospital in southern Ontario, Canada. 

 

MRSA Characteristics 
Incidence rate of MRSA 

(cases per 10,000 patient days) 

Month
1 

 

   January 7.99 

   February 8.66 

   March 11.87 

   April 13.29 

   May 10.58 

   June 6.90 

   July 9.79 

   August 9.65 

   September 9.24 

   October 9.17 

   November 9.34 

   December 9.49 

Year
2 

 

   2006 (August – December) 6.14 

   2007 (January – December) 7.28 

   2008 (January – December) 5.97 

   2009 (January – December) 9.98 

   2010 (January – December) 16.42 

   2011 (January – February) 10.49 

Season
1 

 

   Spring (April – June) 10.26 

   Summer (July – September) 9.56 

   Fall (October – December) 9.33 

   Winter (January – March) 9.50 

Service
3 

 

   Acute care 10.12 

   Complex care 9.09 

   Hospice 14.11 

   Intensive care unit 9.00 

   Internal medicine 15.11 

   Oncology 3.90 

   Pediatrics 0.22 

   Psychiatry 6.08 
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MRSA Characteristics 
Incidence rate of MRSA 

(cases per 10,000 patient days) 

   Rehabilitation 8.57 

   Surgery 17.41 

Ward
3 

 

   S1 (Surgery) 19.39 

   S2 (Surgery) 15.14 

   M1 (Internal medicine)  23.14 

   C1 (Complex continuing care) 9.15 

   C2 (Complex continuing care) 8.78 

 

1 
Incidence rate presented is based on an average for that specific period 

2 
Incidence rate presented is the total for that specific year 

3
 Incidence rate presented is the total for that service or ward from August 2006 to 

February 2011 
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Table 5.2: Typing data for 167 methicillin-resistant Staphylococcus aureus (MRSA) patient isolates, collected between March 1, 2010 

and February 28, 2011, from a community hospital in southern Ontario, Canada. 

 

eGenomics spa 

type
1
 

Number of MRSA isolates (%) Ridom spa type
2 

PVL gene CMRSA 

2 148 (88.6) t002 No 2 

23 3 (1.8) t548 No 2 

26 1 (0.6) t539 No 2 

93 4 (2.4) t026 No 1 

228 1 (0.6) t5518 No 2 

230 1 (0.6) t010 No 2 

268 4 (2.4) t067 No 2 

387 4 (2.4) t653 No 2 

1178 1 (0.6) t5607 No 2 

 

PVL: Panton-Valentine leukocidin 

CMRSA: Canadian epidemic methicillin-resistant Staphylococcus aureus 

1 
spa types classified according to eGenomics (http://tools.egenomics.com) 

2
 spa types classified according to the Ridom system (http://www.spaserver.ridom.de) 
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Table 5.3: Antimicrobial susceptibility profiles, based on spa type, from 149* methicillin-resistant Staphylococcus aureus (MRSA) 

patient isolates, collected between March 1, 2010 and February 28, 2011, from a community hospital in southern Ontario, Canada. 

 

spa type 
Number of 

MRSA isolates 
Rifampin Clindamycin 

Trimethoprim 

and 

sulfamethoxazole 

Vancomycin 

2 124 Susceptible Resistant Susceptible Susceptible 

2 1 Susceptible Resistant Resistant Susceptible 

2 9 Susceptible Susceptible Susceptible Susceptible 

23 3 Susceptible Resistant Susceptible Susceptible 

93 4 Susceptible Resistant Susceptible Susceptible 

268 4 Susceptible Resistant Susceptible Susceptible 

387 4 Susceptible Resistant Susceptible Susceptible 

 

* Antimicrobial susceptibility profiles are only presented for spa types in which ≥ 2 MRSA isolates were identified
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Table 5.4: Univariable multilevel* negative binomial regression analyses of variables 

associated with the rate of methicillin-resistant Staphylococcus aureus cases, from 

August 1, 2006 to February 28, 2011, in a community hospital in southern Ontario, 

Canada. 

 

Variable Description IRR 95% CI P-value 

Year 2006 Referent   

 2007 1.10 0.72 – 1.68 0.651 

 2008 0.85 0.55 – 1.32 0.470 

 2009 1.52 1.01 – 2.28 0.043 

 2010 2.45 1.65 – 3.62 < 0.001 

 2011 1.59 0.89 – 2.81 0.115 

Season Fall Referent   

 Winter 1.01 0.77 – 1.33 0.933 

 Spring 1.05 0.79 – 1.39 0.729 

 Summer 1.02 0.78 – 1.35 0.868 

Month January Referent   

 February 1.14 0.69 – 1.86 0.612 

 March 1.62 1.01 – 2.61 0.045 

 April 1.78 1.12 – 2.84 0.015 

 May 1.19 0.71 – 1.99 0.520 

 June 0.87 0.50 – 1.52 0.628 

 July 1.29 0.79 – 2.14 0.305 

 August 1.17 0.72 – 1.91 0.524 

 September 1.23 0.76 – 1.99 0.392 

 October 1.16 0.71 – 1.89 0.558 

 November 1.18 0.73 – 1.92 0.497 

 December 1.27 0.79 – 2.03 0.328 

Service Medicine
1 

Referent   

 Surgery
 

0.86 0.40 – 1.86 0.706 

 Other
2 

0.92 0.44 – 1.93 0.825 
 

* 
Random intercept for ward 

IRR: Incidence rate ratio 

CI: Confidence interval 
1 

Included the following departments: intensive care (adult and neonatal), oncology,   

pediatrics, and internal medicine 
2 

Included the following departments: psychiatry, rehabilitation, hospice, childbirth, and 

nursery 
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Table 5.5: Multivariable multilevel* negative binomial regression model of variables 

associated with the rate of methicillin-resistant Staphylococcus aureus cases, from 

August 1, 2006 to February 28, 2011, in a community hospital in southern Ontario, 

Canada. 

 

Variable Description IRR 95% CI P-value 

Year 2006 Referent   

 2007 1.12 0.73 – 1.72 0.607 

 2008 0.89 0.57 – 1.39 0.611 

 2009 1.63 1.08 – 2.46 0.021 

 2010 2.62 1.76 – 3.89 < 0.001 

 2011 2.14 1.13 – 4.06 0.020 

Month January Referent   

 February 1.09 0.70 – 1.71 0.689 

 March 1.63 1.04 – 2.57 0.035 

 April 1.88 1.22 – 2.91 0.005 

 May 1.33 0.83 – 2.15 0.234 

 June 0.89 0.53 – 1.51 0.664 

 July 1.27 0.79 – 1.06 0.320 

 August 1.44 0.92 – 2.26 0.111 

 September 1.37 0.87 – 2.17 0.177 

 October 1.33 0.84 – 2.10 0.221 

 November 1.34 0.85 – 2.12 0.207 

 December 1.42 0.91 – 2.23 0.122 

Service Medicine
1 

Referent   

 Surgery
 

0.95 0.30 – 2.96 0.924 

 Other
2 

0.42 0.17 – 1.05 0.064 

 

* 
Random intercept for ward 

IRR: Incidence rate ratio 

CI: Confidence interval 

1 
Included the following departments: intensive care (adult and neonatal), oncology, 

pediatrics, and internal medicine 

2 
Included the following departments: psychiatry, rehabilitation, hospice, childbirth, and 

nursery 
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Table 5.6: Based on the final multivariable multilevel negative binomial regression 

model, statistically significant model-based contrasts between the rate of methicillin-

resistant Staphylococcus aureus cases, from August 1, 2006 to February 28, 2011, and 

independent variables year and month, in a community hospital in southern Ontario, 

Canada. 

 

Surfaces IRR  95% CI P-value 

2009 versus 2007 1.45 1.09 – 1.94 0.011 

2009 versus 2008 1.83 1.34 – 2.48 < 0.001 

2010 versus 2007 2.34 1.79 – 3.06 < 0.001 

2010 versus 2008 2.94 2.20 – 3.92 < 0.001 

2010 versus 2009 1.61 1.28 – 2.03 < 0.001 

2011 versus 2007 1.91 1.10 – 3.31 0.021 

2011 versus 2008 2.39 1.38 – 4.18 0.002 

March versus June 1.83 1.12 – 3.00 0.016 

April versus February 1.72 1.11 – 2.66 0.015 

April versus June 2.11 1.31 – 3.42 0.002 

 

IRR: Incidence rate ratio 

CI: Confidence interval 
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Table 5.7: Statistically significant temporal clusters of methicillin-resistant Staphylococcus aureus (MRSA) infection and colonization 

rates in a community hospital in southern Ontario, Canada, between August 1, 2006 and February 28, 2011. 

 

Cluster 

Number 
Cluster Description 

Date of cluster 

(year/month/day) 

Number of  

MRSA 

cases 

Observed/Expected 
P-

value 
spa type (n) 

Hospital wide scans  

1
 

2006-2011
1 

2009/9/1 – 2011/2/28 376 1.55 < 0.001 

2(148), 23(3), 

26(1), 93(4), 

228 (1), 230 

(1), 268(4), 

387(4), 

1178(1) 

2
 

2006-2011
2,3 

2009/3/1 – 2009/4/30 37 1.84 0.038 Not applicable 

Service scans  

3
 Acute care,  

2006-2011
3 2010/3/1 – 2010/6/30 6 7.44 0.007 2(1) 

4
a Complex care,  

2006-2011
1 2009/2/1 – 2011/1/31 130 1.5 < 0.001 

2(43), 23(2), 

228(1), 268(1) 

5 
Intensive care unit,  

2006-2011
2,3

 
2010/6/1 – 2010/11/30 13 3.06 0.022 2(7), 268(1) 

6 
Intensive care unit,  

2006-2011
4
 

2007/10/1 – 2008/1/31 8 4.1 0.038 Not applicable 

7
b Internal medicine,  

2006-2011
1 2009/10/1 - 2010/12/31 95 2.0 < 0.001 

2(37), 93(2), 

387(1) 

8 Oncology, 2006-2011
1 

2009/12/1 – 2010/12/31 11 3.42 0.002 2(5) 

9
c 

Psychiatry, 2006-2011
1
 2006/9/1 – 2008/5/31 47 2.36 < 0.001 Not applicable 
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Cluster 

Number 
Cluster Description 

Date of cluster 

(year/month/day) 

Number of  

MRSA 

cases 

Observed/Expected 
P-

value 
spa type (n) 

10
c 

Psychiatry, 2008
3 

2008/1/1 – 2008/5/31 9 2.16 0.025 Not applicable 

11 
Rehabilitation,  

2006-2011
2,3,5 2008/7/1 – 2008/7/31 6 6.68 0.035 Not applicable 

12 
Rehabilitation,  

2006-2011
1 2009/2/1 – 2011/2/28 32 1.57 0.038 

2(9), 26(1), 

93(1), 268(1) 

13
d 

Surgery, 2006-2011
1,4 

2009/9/1 – 2011/2/28 106 1.74 < 0.001 

2(40), 23(1), 

93(1), 230(1), 

268(1), 387(2) 

14
e 

Surgery, 2006-2011
1,4 

2008/9/1 – 2009/3/31 31 2.08 0.003 Not applicable 

15 Surgery, 2007
2,3 

2007/3/1 – 2007/4/30 9 2.83 0.026 Not applicable 

16 Surgery, 2007
3 

2007/8/1 – 2007/10/31 8 3.19 0.002 Not applicable 

17
f 

Surgery, 2008
2,3,4 

2008/9/1 – 2008/11/30 18 2.25 0.003 Not applicable 

18
g 

Surgery, 2008
2,3,4 

2008/3/1 – 2008/5/31 12 2.32 0.004 Not applicable 

Ward scans  

19
b 

M1 

 (Internal medicine),  

2006-2011
4
 

2010/1/1 – 2010/5/31 26 2.29 0.009 2(6), 93(1) 

20
d S1 (Surgery),  

2006-2011
4 2009/7/1 – 2011/2/28 70 1.74 < 0.001 

2(23), 23(1), 

93(1), 268(1), 

387(2) 

21
e S1 (Surgery),  

2006-2011
1 2008/4/1 – 2009/3/31 29 1.96 0.001 Not applicable 

22
f 

S1 (Surgery), 2008
4 

2008/10/1 – 2008/10/31 8 3.91 0.010 Not applicable 

23
g 

S1 (Surgery), 2008
4 

2008/4/1 – 2008/5/31 10 3.16 0.003 Not applicable 

24
d 

S2 (Surgery), 2006-2011
4
 2009/2/1 – 2011/2/28 52 1.56 0.002 2(17), 230(1) 
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Cluster 

Number 
Cluster Description 

Date of cluster 

(year/month/day) 

Number of  

MRSA 

cases 

Observed/Expected 
P-

value 
spa type (n) 

25
e 

S2 (Surgery), 2008
4 

2008/9/1 – 2008/11/30 7 3.25 0.024 Not applicable 

26
a C2 (Complex care),  

2006-2011
1
 

2010/4/1 – 2011/2/28 27 3.09 < 0.001 
2(19), 268(1), 

1178(1) 

27
a 

C2 (Complex care), 2010
2,3 

2010/8/1 – 2010/11/30 17 2.04 0.009 2(14), 268(1) 

28
a 

C1 (Complex care), 2009
3 

2009/4/1 – 2009/9/30 11 1.84 0.031 Not applicable 
 

n: Number of isolates 

1 
Long duration cluster (7–25 months in length) 

2 
Clusters are potential outbreaks 

3 
Short duration cluster (1-6 months in length) 

4 
Cluster was identified as part of a MRSA outbreak identified by Infection Prevention and Control personnel 

5 
Cluster was also identified in the Rehabilitation department for the 2008 annual analysis 

a-g
 Indicates a cluster identified by >1 temporal scan at the service and ward levels 
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Figure 5.1: The incidence rate of methicillin-resistant Staphylococcus aureus infections and colonization per month, from August 1, 

2006 to February 28, 2011, in a community hospital in southern Ontario, Canada. 
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Figure 5.2: Minimum spanning tree analysis of 167 methicillin-resistant Staphylococcus aureus (MRSA) patient isolates, classified 

according to spa type. The size of each circle is proportional to the number of isolates. Ridom spa types are presented in each circle. 

Numbers intersecting the black lines indicate the difference in the number of repeats between connecting circles. Colours refer to the 

number of MRSA isolates: red > 20, dark blue ≤ 5, light blue ≤ 2. 
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Figure 5.3: Monthly distribution of spa types from 167 methicillin-resistant Staphylococcus aureus patient isolates, collected between 

March 1, 2010 and February 28, 2011, from a community hospital in southern Ontario, Canada.
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Chapter 6 

Summary and Discussion 

 

1.0 Research Objectives 

Data pertaining to the surveillance of hospital-associated (HA) pathogens in 

community hospitals are limited. In Canada, the majority of data on methicillin-resistant 

Staphylococcus aureus (MRSA) and Clostridium difficile are obtained from sentinel 

tertiary-care teaching hospitals located in metropolitan areas that may not be 

representative of other healthcare facilities, such as community hospitals. Results and 

recommendations based on research conducted at these large medical institutions may not 

be wholly applicable to smaller facilities. This thesis describes the investigation of 

MRSA and C. difficile in community hospitals in southern Ontario, Canada. The overall 

objectives of this research were: 1) to determine the prevalence of MRSA and C. difficile 

contamination in the hospital environment; 2) to identify risk factors associated with 

MRSA and C. difficile contamination; 3) to compare MRSA and C. difficile strains 

between patients and the environment; 4) to examine the utility of the temporal scan 

statistic to detect MRSA and C. difficile clusters and further validate these clusters using 

molecular typing and hospital records in relation to known outbreaks; and 5) using 

statistical models, determine if there are significant differences in the rates of MRSA and 

C. difficile cases by month, season, and year.  

 

2.0 Contamination of the Hospital Environment 

 Research focusing on environmental contamination in the hospital setting has 

predominantly concentrated on surfaces located in patient rooms as evidence suggests 

that contamination of high-touch surfaces in patient rooms increases the risk of acquiring 

antimicrobial-resistant organisms (Shaughnessy et al., 2011; Carling and Bartley, 2010; 

Dancer, 2009); however, information pertaining to contaminated surfaces outside patient 

rooms has received little attention. Results from two longitudinal studies conducted in 

four community hospitals (Chapters 2 and 3) identified MRSA and C. difficile 
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contamination throughout the general ward environment. Although these pathogens were 

identified on diverse environmental surfaces, specific risk factors for these surfaces (e.g., 

location, material type) were not significantly associated with MRSA or C. difficile 

contamination. Despite the lack of a statistical association, these findings are important. 

The identification of particular types of objects contaminated with these pathogens may 

assist hospitals in establishing specific protocols to appropriately clean and disinfect 

these objects or even prevent these objects being placed in the hospital environment. In 

addition, the identification of contaminated surfaces in specific locations (e.g., visiting 

room), help to define what surfaces and what areas outside a patient room should be 

cleaned and disinfected with more diligence. Although the precise role of environmental 

contamination in hospital-associated infections (HAIs) remains unclear (Dancer, 1999), 

the contamination of the hospital environment with various pathogens is a major concern 

because of the potential impact on the health of patients, staff, and visitors. Future studies 

examining possible associations between contaminated surfaces in the general ward 

environment and the risk for colonization or infection among patients and hospital staff 

are warranted.  

            In both environmental investigations (Chapters 2 and 3), several surfaces were 

identified as being contaminated with both MRSA and C. difficile on the same visit or 

during the study period. However, there was no statistical association between MRSA 

and C. difficile at the sample level (Chapter 3). It was hypothesized that if there was an 

association between these two pathogens at the sample level, it could be assumed that if 

the surface was contaminated with MRSA then it was also likely contaminated with C. 

difficile. This association would have benefited hospitals as environmental audits for only 

MRSA could be conducted as facilities generally lack the necessary laboratory equipment 

to culture C. difficile. This was not the case, and based on the results, identification of 

MRSA status (something that is easily performed by all diagnostic laboratories) cannot 

be used to infer the likelihood of contamination with C. difficile. With the identification 

of more than one hospital pathogen contaminating environmental surfaces, other 

significant HA pathogens (e.g., vancomycin-resistant Enterococcus, carbapenem-resistant 
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Enterobacteriaceae) may also be present in the general ward environment. Studies 

examining the contamination of the hospital environment with these pathogens and 

potential associations among pathogens are justified but relationships between these 

pathogens should not be assumed. 

            Surfaces that were identified as contaminated on repeated sampling may represent 

insufficient or absent cleaning and disinfection. This could be a result of inadequate 

attention to standard (and potentially effective) cleaning and disinfection practices,  

surfaces that are not designated for routine cleaning and disinfection, and surfaces that 

are difficult to properly disinfect (e.g., porous material). Interestingly, following 

completion of both investigations, discussion with various hospital personnel (e.g., 

infection control, housekeeping, nursing staff) identified areas of confusion and 

miscommunication between housekeeping and nursing staff with respect to which 

personnel were responsible for cleaning specific surfaces. Furthermore, it was determined 

that for some surfaces (e.g., chair backs, cork boards), cleaning was never performed.  

            In three hospitals (Chapter 3), several surfaces were identified with having 

increased odds of being contaminated with MRSA, including chair backs, hand rails, 

isolation carts, and sofas. However, it should be noted that some of these surfaces (e.g., 

isolation carts, hand rails, sofas) constituted only a small number of surfaces in the entire 

investigation. In both studies (Chapters 2 and 3), not all surfaces were followed for the 

entire study period due to being cleaned immediately prior to sampling, being used by 

hospital personnel or patients at the time of sampling, or the particular surface (e.g., 

chair) had been removed. Consequently, the prevalence of contamination and/or the 

identification of variables as potential risk factors for contamination may have been 

biased. Additionally, the smaller sample size due to some surfaces not being available at 

sampling events may have resulted in a loss of power. Lastly, due to the small number of 

surfaces positive for C. difficile, statistical models could not be constructed to examine 

potential risk factors for contamination in the general ward environment, even when 

exact methods were utilized.  
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 The identification of MRSA and C. difficile contaminating the general ward 

environment naturally leads to the topic of possible sources of these pathogens, with the 

obvious suspects being infected/colonized patients and hospital staff. Hospital personnel 

have frequent interactions with patients and contaminated surfaces within patient rooms 

and therefore, can act as potential vehicles for MRSA and C. difficile transmission 

throughout the ward, regardless of their own colonization status. Although hospital staff 

are required to perform hand hygiene and wear personal protective equipment (PPE) 

when working with patients in isolation, compliance with these infection control 

precautions is generally suboptimal (Gammon et al., 2008). In both investigations 

(Chapters 2 and 3), discordance between MRSA and C. difficile strains identified in the 

patient population and the hospital environment was reported. Possible reasons for this 

disconnect include contamination from unscreened patients, hospital staff, and visitors, or 

differences in the epidemiology of these pathogens in patients and the environment, as 

could be the case if there are differences in the relative ability of certain strains to cause 

clinical infection after exposure. As visitors are not trained to use PPE (WAC, personal 

communication) and compliance with hand hygiene may be poor, this population may 

also act as potential vehicles for HA pathogen transmission within the hospital setting. 

Studies exploring contact rates among hospital surfaces, types of surface material, and the 

populations using these surfaces are warranted. Lastly, it is important to recognize that 

the contamination of hospital surfaces with HA pathogens may result in staff, patients, 

and visitors becoming contaminated and potentially transmitting these pathogens in the 

community setting. 

 

2.1 Molecular data 

            If environmental contamination was solely related to contamination by colonized 

patients or patients with clinical infections, close correlation between patient and 

environmental sample types would be expected; yet that was not evident in the work 

reported here. A number of MRSA and C. difficile strains identified in the ward 

environment were not recognized in the patient population (Chapters 2 and 3). These 
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included the Canadian epidemic MRSA (CMRSA) 5 strain, spa type 539/t034, and C. 

difficile ribotype 078, strains that are more often found in the community. For CMRSA-5 

and spa type 539/t034, these MRSA strains are commonly identified in people who have 

contact with horses (Anderson et al., 2008) and pigs (van Belkum et al., 2008), 

respectively. For ribotype 078, this particular C. difficile strain has been identified in food 

animals (Costa et al., 2012) and as an increasingly common cause of community-

associated disease in some regions (Mulvey et al., 2010; Goorhuis et al., 2008). As all 

four hospitals serve rural communities, this may increase the likelihood for exposure to 

these particular strains in the community, with subsequent transmission into the hospital. 

Given the lack of surveillance data of these strains in the hospital environment, additional 

information is required regarding the epidemiology of these potentially emerging strains 

and the potential role of patients, visitors, and staff in the contamination of the hospital 

environment.  

As demonstrated here (Chapters 2 and 3), research regarding the diversity and 

persistence of MRSA and C. difficile strains in  patient populations and the hospital 

environment requires further consideration. Clearly, the hospital environment only 

provides a loose reflection of the situation in the patient population and vice versa. 

 

3.0 Hospital Surveillance using the Temporal Scan Statistic 

      Two studies (Chapters 4 and 5) described in this thesis are among the first 

investigations to apply the temporal scan statistic to historical data obtained from a 

community hospital. Overall, hospital personnel could employ the temporal scan statistic 

as a tool to monitor their own infection control practices and policies for detecting 

outbreaks and clusters of HAIs. In Chapter 4, specific threshold criteria were employed 

by the hospital to determine if a C. difficile outbreak was occurring and subsequently, if 

an investigation or response should be initiated. These criteria, developed by a provincial 

advisory committee, have not been validated and therefore, are only subjective 

guidelines. For MRSA, the situation is more concerning as no specific guidelines for 

detecting outbreaks have been established. By employing a statistical method for hospital 
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surveillance, threshold criteria may be created or even re-defined for detecting MRSA 

and C. difficile outbreaks that are specific to a particular medical institution. In addition, 

the identification of MRSA and C. difficile clusters during particular time periods or in 

specific wards, will allow personnel to focus investigations or identify specific events 

within the hospital that may be associated with an increase in these pathogens in the 

patient population. For hospital surveillance, the next logical step would be the 

application of the temporal scan statistic, prospectively, to identify clusters in real-time 

and provide alerts to infection prevention and control personnel. This would allow 

hospital staff to investigate clusters in a timely manner and initiate intervention strategies 

to prevent transmission events among staff, patients, and visitors, in addition to limiting 

environmental contamination. Furthermore, the utilization of the temporal scan statistic to 

detect clusters of other significant HA pathogens should also be explored. 

 

3.1 Statistical clusters  

            The application of the temporal scan statistic to historical hospital data (Chapters 

4 and 5) identified several MRSA and C. difficile clusters. Many of these clusters were 

concordant with outbreaks identified by hospital personnel. Further examination of a 

number of events revealed potential outbreaks that were not recognized by hospital staff 

in addition to unique transmission events among patients. However, for the remaining 

clusters, challenges were encountered interpreting their epidemiological significance. For 

short duration clusters (e.g., ≤ 6 months), these events may represent outbreaks, issues 

related to seasonality, or a change in the population density of patients leading to an 

increase in the number of MRSA and C. difficile cases. With the identification of 

prolonged clusters (e.g., > 6 months), it was difficult to determine if the length of the 

cluster was representative or associated with a specific health factor or event. Although 

the exact biological relevance of the long duration  clusters is not known, plausible 

scenarios include extended outbreaks, temporal trends, changes in the pathogen (e.g., 

epidemiology, microbiology, molecular), and the representation of systematic changes at 

the hospital level during the surveillance period (e.g., surveillance methods, 
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microbiological processing of samples, cleaning policies). Systematic changes at the 

hospital level are always a concern when working with historical data. However, after 

consultation with hospital personnel, surveillance techniques and laboratory and 

surveillance protocols were stable throughout the data collection period during the 

investigations.  

Long duration clusters could also represent potential outbreaks due to ongoing 

transmission events among patients, hospital personnel, and contaminated environmental 

surfaces. For C. difficile (Chapter 4), only one long duration cluster was investigated 

using molecular data with nine different ribotypes identified. For MRSA (Chapter 5), 

many of the prolonged events were investigated using molecular data but several 

different spa types were present within these clusters with one particular spa type 

(2/t002) being the most prevalent. In the study hospital, it is possible that an MRSA or C. 

difficile outbreak may have occurred with transmission of different strains, as not all 

outbreaks are clonal (Aldeyab et al., 2011; Hall et al., 2009; Cuny et al., 1993). Another 

plausible scenario is that diverse spa types and ribotypes may have been introduced into 

the facility via patients, staff, and visitors. 

            For MRSA, the identification of a small number of unique spa types in long 

duration clusters may also represent genetic changes in the spa gene. Based on the 

minimum spanning tree that was constructed in Chapter 5, six spa complexes were 

closely related to spa type 2/t002 by a difference in one repeat. Furthermore, several of 

the less prevalent spa types were identified during the tail end aspect of these prolonged 

clusters. Therefore, it is possible that these different spa types may represent real-time 

genetic changes that occurred during the surveillance period. However, the highly clonal 

nature of MRSA both nationally and in particular in this community hospital, hampers 

such assessments. 

Interestingly, long duration clusters may also represent other biological factors 

associated with an increase in the rate of MRSA or C. difficile cases. For example, 

specific temporal periods were associated with increased MRSA or C. difficile rates in the 

participating hospital. Consultation with hospital staff regarding these particular time 
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periods identified significant events (e.g., reporting of rates, influenza pandemic) that 

may have played a part in a larger number of MRSA and C. difficile patients being 

present in the hospital. However, it should be noted that the occurrence of these events 

and subsequently, the increased MRSA and C. difficile rates, are just theories. Research 

exploring these potential associations is required. In the participating hospital, two 

noteworthy events occurred and included the public reporting of MRSA and C. difficile 

rates and the presence of respiratory viruses, specifically influenza, in the patient 

population. A decrease in the number of C. difficile infection (CDI) cases in the hospital 

was observed following the post- reporting period which may have been due to hospital 

staff adhering to best practices in C. difficile prevention (Daneman et al., 2012). Although 

public reporting for both CDI and MRSA were initiated at approximately the same time, 

MRSA rates did not decrease but significantly increased in the participating hospital 

following the launch of this public health program. However, it should be noted that 

provincially reported figures are affiliated with cases of MRSA bacteremia only whereas 

the investigation conducted in Chapter 5 included cases of both MRSA infections (all 

types) and colonization. It was theorized that, like CDI, an increase in hospital staff 

adhering to best practices in MRSA prevention would lead to a decrease in the overall 

MRSA rate. Based on these findings, it is possible that hospital staff may have followed 

best practice methodologies designed to decrease the risk of patients developing MRSA 

bacteremia but other procedures focused on reducing MRSA infections/colonization or 

limiting transmission may have been minimized. On the other hand, the observed 

increase in the MRSA rate may have been a result of hospital staff improving MRSA 

surveillance due to increased awareness and subsequently identified more MRSA cases in 

the patient population.  

            It has been reported that the presence of respiratory viruses in the patient 

population can be associated with higher CDI (Gilca et al., 2012) and MRSA rates (Chai 

et al., 2005) in the hospital setting. Possible reasons for this include increased usage and 

type of antimicrobials (Labbé et al., 2008; McDonald et al., 2005), reduced staffing due 

to illness, and the shunting of infection control activities and resources away from MRSA 
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and C. difficile and towards respiratory pathogens (Chai et al., 2005). This scenario 

highlights the importance of continuous surveillance for MRSA and C. difficile, 

especially during outbreaks or even epidemics of respiratory pathogens; however, it is 

reasonable to extend these fundamental surveillance concepts when dealing with 

outbreaks or epidemics of other pathogens (e.g., viral gastroenteritis) as similar issues 

may be present. 

      There are several limitations of this research. As only one year of surveillance 

was supplemented with molecular data, many clusters and several potential outbreaks 

could not be validated. Furthermore, not all patient isolates or specimens were available 

for typing therefore the true molecular composition of several clusters was unknown. 

Lastly, as these investigations were conducted in only one community hospital, the 

results may not be generalizable to other medical institutions. Further study and 

assessment of the usefulness of the temporal scan statistic is required in other community 

hospitals. 

 

3.2 Molecular data 

            For both MRSA and C. difficile, only a limited number of clusters could be 

investigated using molecular data (Chapters 4 and 5). For many of these events, further 

examination of clusters identified potential outbreaks and transmission events that may 

not have been recognized if molecular data had not been available. However, future 

studies over longer surveillance periods would permit the collection and analysis of a 

greater number of isolates and clusters, thus providing a better understanding of events. 

 Due to the identification of a prevalent spa type (e.g., 2/t002) in several MRSA 

clusters, the application of molecular data to investigate these events was insufficient to 

accurately support the presence of outbreaks and transmission events among patients. The 

implication of this finding is that in the presence of a predominant MRSA strain in the 

patient population, spa typing provided very little discriminatory power to identify 

transmission events and classify cases as part of an outbreak. Therefore, a more 

discriminatory typing method is required, such as whole-genome sequencing. This typing 
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technique provides an inventory of the microevolutionary changes of a bacterium and can 

map genome wide single-nucleotide polymorphisms, insertions, and deletions (Harris et 

al., 2010). As whole-genome sequencing provides the best discrimination between 

closely related bacterial isolates (Harris et al., 2013), this typing technique could also be 

used to investigate the transmission of infrequent strains for infection control purposes. 

For example, in Chapter 5 two patients were identified with spa type 93/t026, seven 

weeks apart in the internal medicine department. Examination of these two MRSA strains 

using whole-genome sequencing could help determine if these MRSA strains were 

identical and assist in understanding the transmission of MRSA within the department. 

Furthermore, for the MRSA study (Chapter 5), it would be an interesting exercise to 

repeat the molecular typing for all isolates using whole-genome sequencing to determine 

if additional outbreaks and transmission events could be established. 

 At the present time, whole-genome sequencing may not be practical in all hospital 

settings. For a medical facility that experiences only one or two outbreaks a year, and 

comprises only a small number of patients, the application and cost of whole-genome 

sequencing may not be justified. In addition, the ability to analyze sequence data may 

also be a limiting factor. However, for facilities that experience multiple outbreaks, 

annually, and/or outbreaks that are prolonged in duration, whole-genome sequencing can 

play a crucial role in identifying cases and clarifying transmission events. As sequencers 

are available as bench top machines, provide a rapid turnaround time, and the costs 

associated with these machines are decreasing as more sequencers enter the market place 

(Köser et al., 2012), the application of whole-genome sequencing in the hospital setting 

will be a vital tool in the surveillance of HA pathogens. Future research incorporating 

whole-genome sequencing to elucidate outbreaks and transmission events are warranted. 
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