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1. Introduction

1.1 Overview

Staphylococcus aureus is a major nosocomial pathogen that can cause severe infections in humans, especially in immunocompramized individuals. Surveillance studies have indicated that the rate of S. aureus colonization in the general population ranges from 20 to 55% (Hu, 1995; Paul, 1982). The colonization does not mean an individual is infected, just that they are carrying the bacteria on their skin.  When an individual’s skin or mucous membranes are altered through trauma (cuts, bug bites, etc.) or surgery, S. aureus can enter into the underlying tissue or bloodstream.  This can lead to mild skin infections, serious infection of the blood (bacterimia), infection in the heart (endocarditis), or infection the lung (pneumonia). In the early 1960s, after the antibiotic methicillin was introduced to treat penicillin resistant strains of S. aureus, a methicillin-resistant S. aureus (MRSA) strain arose that was resistant to all beta-lactam and cephalosporin antibiotics (Rolinson, 1960).  MRSA has since spread in our hospitals and has been reported in every continent.  In addition, MRSA has acquired other resistance genes leaving very few treatment options available to the clinician to treat a severely infected individual.  Although MRSA has remained primarily a nosocomial pathogen over the last 40 years, new strains are emerging and spreading in the communities rather than the hospitals. 

The first report of a highly virulent community-acquired MRSA (CA-MRSA) occurred in 1993 in Australia but since then strains causing skin and serious infections have been reported in many European countries, many states in the USA, and in western Canada (Udo, 1993).  CA-MRSA strains are considerably different genetically and epidemiologically from their hospital counterparts remaining susceptible to a number of antimicrobials such as aminoglycosides, tetracyclines and erythromycin, also common nosocomial risk factors, such as previous hospital admission or antimicrobial use, do not apply to CA-MRSA (Fergie, 2001; Hussain, 2001).  In addition, CA-MRSA tends to cause infections in children and adolescents whereas hospital MRSA primarily causes infections in individuals older than 60 years.  In addition, nosocomial MRSA strains are rarely reported as being highly virulent whereas reports have documented CA-MRSA of having caused serious, and sometimes fatal, disease especially in otherwise healthy children (Gwynne-Jones, 1999; Naimi, 2001).  Recently, investigators examined an outbreak of CA-MRSA in France in which two patients died of necrotizing pneumonia (Gillet, 2002).  All strains in this community outbreak harbored the Panton-Valentine leukocidin toxin, a gene which helps the bacteria cause skin infections and sometimes more serious respiratory infections.  There is a growing concern that the CA-MRSA strains are beginning to replace the susceptible S. aureus strains in the human flora.   For example, in a study examining Aboriginals in rural USA, the CA-MRSA strains have become more prevalent than fully susceptible S. aureus (Groom, 2001).  The only positive aspect of CA-MRSA is that strains are generally susceptible to many antibiotics allowing the clinician a number of treatment choices.  However, a major concern is that these strains may eventually become resistant or that the toxin gene may move into a more resistant hospital strain.

1.2  Statement of Need
To date there has been only a few studies published dealing with risk factors for CA-MRSA infections and these included intravenous drug use, prior antibiotic use, and the presence of underlying disease such as diabetes mellitus, malignancy, and chronic skin disease as potential risk factors (Moreno, 1995, Bukharie, 2001).   One disturbing trend is the emergence of CA-MRSA infections, which have been reported in healthy individuals without these risk factors, raising the possibility that other factors may be involved in the dissemination of certain strains of MRSA in the community.  

Until recently, MRSA was not a notifiable disease in Saskatchewan.  However beginning in 2001, efforts were made to encourage laboratory-based reporting of MRSA to public health units.  As such, no complete MRSA registry exists.  With this said, prior to 1999 MRSA was rarely isolated in Northern Saskatchewan.  In April 1999, a resident of a long-term care facility in Nipawin, SK who had recently been hospitalized in Saskatoon, SK tested positive for MRSA.  By 2002, three First Nations reservations and a predominately Métis community in the area were reporting MRSA infections, the majority of which were considered to be community-acquired although no systematic collection of  risk factors had been undertaken. CA-MRSA is now reported in the communities of Nipawin, the Northern Village of Cumberland House, and the Cumberland House, Red Earth and Shoal Lake (also known as Pakwaw Lake) First Nation communities, all of which comprise the Kelsey Trail Health Region. One hundred and eighty-two cases of MRSA were reported from January 1, 1999 to March 31, 2002.  While the Red Earth and Shoal Lake reserves experienced cases in 1999, the increase in cases of MRSA in Cumberland House did not occur until 2000.  The yearly rates of MRSA in Cumberland House increased from zero in 1999 to 43/1,000 persons in 2001. Similarly, Red Earth has experienced an increase in the rate of MRSA infections over time from 1/1,000 persons in 1998 to 21/1,000 persons in 2001. Based on data compiled from the first 3 months of 2002, projected rates indicate a continuing problem in these communities. It should be noted that these increases were not due to increased swabbing in response to initial identification of MRSA cases.  As expected with CA-MRSA, reports of infections in children less than 10 years of age were high, with Cumberland House and Red Earth/Shoal Lake reporting 37% and 58% of cases, respectively.

These findings have prompted us to successfully apply for funding from the Canadian Institutes of Health Research to identify potential risk factors for community acquired MRSA.  It is hoped that our findings will be used to develop educational programs to limit the spread of these organisms in the community.

1.3  Objective/Hypothesis
Objective:

To determine risk factors associated with CA-MRSA infection involved in the Kelsey Trail Health Region (KTHR).

Hypothesis:

The risk factors associated with CA-MRSA in the KTHR will most likely be linked to close contact between individuals with mild skin abrasions or insect bites.  

2. Methods

2.1  Surveillance Population and the Definition of a CA-MRSA Case

One problem associated with determining the incidence and prevalence of CA-MRSA is the lack of a standardized definition for “community-acquired”.  This results in gray areas, which make it difficult to compare studies.  For example, when one considers MRSA, Cookson defined community acquired MRSA in the following categories: discharged hospital patients with MRSA, nursing home residence with MRSA, MRSA transmitted to non-hospitalized patients, and MRSA arising de novo in the community (Cookson, 2000).  However, other groups have considered some of these criteria as healthcare associated rather than community acquired. The definition of community-acquired will be based on what the Center for Disease Control and Prevention and Minnesota State Public Health are currently using (Kathleen LeDell, Minnesota Department of Health, personal communication) which include: non-hospitalization > 48 hours before the positive MRSA culture; no dialysis, surgery, residency in a long-term care facility, or hospitalization in the past year; and no percutaneous device or indwelling catheter.  
A study case will be triggered from the identification of a laboratory confirmed MRSA infection in an individual which appears to be from a CA-MRSA.  A follow-up interview will be conducted with the individual in question and a chart review will take place.  For each laboratory confirmed case of CA-MRSA infection, two matched controls would be identified. The first set of controls will be identified by the Nipawin Hospital Laboratory who will match the CA-MRSA case to an individual with an infection due to methicillin-susceptible S. aureus (MSSA).  Every attempt will be made to match cases of infection at similar body site, age category, sex, and location.  However, it is understood that due to the reasonably small population size it may be difficult to match cases by similar body site. The second set of controls will be identified through a retrospective chart review as healthy individuals who have been identified as neither having a MRSA or MSSA infection.  A subset of cases will be followed to determine the length of illness and effectiveness of the treatment. Specimens will be sent to the Saskatchewan Provincial Public Health Laboratory and the National Microbiology Laboratory for isolation, identification and characterization.

2.2
Laboratory Methods
Isolates will be identified as S. aureus using standard microbiologic methodologies at the Nipawin Hospital Laboratory.  MRSA will be defined as isolates of S. aureus showing growth on oxacillin agar screen plates (Mueller-Hinton agar supplemented with 4% NaCl and oxacillin, 6 g/ml) incubated at 35C for 24 hours.  All isolates identified as phenotypically potential MRSA will be sent to the Saskatchewan Provincial Public Health Laboratory (SPHL) for confirmation by detecting the presence of the mecA and nuc genes using polymerase chain reaction (PCR). Isolates confirmed as MRSA will be submitted to the National Microbilogy Laboratory for additional studies, which will include molecular typing using multilocus-sequence typing (MLST), pulsed-field gel electrophoresis (PFGE), and antibiograms using a standard broth microdilution panel.  All of these tests have been standardized to allow direct comparisons to hospital-acquired MRSA strains collected by the Canadian Nosocomial Surveillance Program which include over 6000 strains collected over 7 years. 

2.3
Study Design

This study will be a prospective cohort of all CA-MRSA identified as causing infections within the Kelsey Trail Health Region.  At least 150 cases and controls will be examined over a period of at least one year.  Both of these criteria must be met, that is the study should cover an entire year to identify potential seasonal variations and at least 150 cases and controls will be examined to ensure a statistically significant sample size. CA-MRSA cases will be matched to CA-MSSA controls by age category, source of the isolate (specimen type) and regional area (community where the case was identified).  A matched MSSA should be identified within a two month window (+/- 2 months) through the examination of laboratory records.  A second uninfected control group will be matched to community MRSA cases by age category and regional area (community where the case was identified).

	Case definition: A Nipawin laboratory confirmed MRSA infection of a patient who was from the Kelsey Trail Health Region with a community acquired infection (non-hospitalization > 48 hours before the positive MRSA culture, no dialysis, surgery, residency in a long-term care, or hospitalization in the past year, and no percutaneous device or indwelling catheter).  


	Control definition: 

Category A

A Nipawin laboratory confirmed MSSA infection of a patient who was from the Kelsey Trail Health Region with a community acquired infection (non-hospitalization > 48 hours before the positive MRSA culture, no dialysis, surgery, residency in a long-term care, or hospitalization in the past year, and no percutaneous device or indwelling catheter).  

Category B

A healthy individual visiting the clinic for any medical concern and not a routine check-up from the Kelsey Trail Health Region who has not been hospitalized in the last year, no dialysis, surgery, residency in a long-term care, or hospitalization in the last year, and no percutaneous device or indwelling catheter.  


2.4
Matching Criteria
The Nipawin laboratory will be responsible for identifying infections caused by MRSA and MSSA.  The laboratory will initially determine if this is a potential community acquired case by examining the requisition and determining if the patient has been admitted to the hospital or resides in a long-term care facility.  Once a potential CA-MRSA case has been identified on the laboratory investigation form, a potential control participant will be selected using the criteria described above and as per the categories specified below:

Category 1 (MSSA controls)
(3) Match Asite of MRSA isolate@ with patient with Asite of MSSA isolate@;

(3) Match by age category for children (< 1 year, 1 to 4 years, 5 to 10 years, 11 to 15 years, 16 to 19 years) and starting at age 20 match by +/- 5 years;
(3) Match by residence using the Nearest Town/City field.  
Category 2 (Healthy controls)
1) 
Individuals will be selected using a retrospective chart audit to identify the first person to visit the clinic (after the MRSA case’s visit) that is willing to participate in the research study 
2)
Match by age category for children (< 1 year, 1 to 4 years, 5 to 10 years, 11 to 15 years, 16 to 19 years) and starting at age 20 match by +/- 5 years;
3) 
Match by residence using the Nearest Town/City field. 

3. Data Collection
3.1   Study questionnaires
Patients will be identified as a case or control through the Nipawin laboratory (see Appendix 5.1) who will then forward the information (see Appendix 5.4) to Ms. Amanda Graessli, through the Provincial Public Health Laboratory, for data analysis.  Ms. Graessli will then coordinate the collection of additional case/control information with the Community Health Workers in the KTHR.    Data will be collected using a study questionnaire (see Appendix 5.5).  Data collected will include demographic characteristics, underlying diseases, prior antibiotic therapy, ect. 
3.2  Patient Confidentiality and Ethics

For individuals who are identified as having CA-MRSA, CA-MSSA, or Non-Infected, the Community Health Worker will contact them directly to determine their interest in participation in this study.  If the subject expresses interest, the study staff will then personally meet them for an interview.  The staff will go over the consent form (see Appendix 5.2) and answer any potential questions that may arise.  The participant will then be asked to sign the form and once completed the interview can take place.  Once the interview is complete, the participant will be given the opportunity to review and revise the form, and will be asked to sign a Transcript Release Form (see Appendix 5.3).
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