
 

i 
 

 

 

The use of antibiotics in the treatment of skin and soft tissue 

infections in selected Canadian First Nations communities 

 

 

Dahn Jeong 

 

 

 

 

Thesis submitted to the Faculty of Graduate and Postdoctoral Studies in partial 

fulfilment of the requirements for the M.Sc. degree in Epidemiology 

 

Epidemiology and Community Medicine 

Faculty of Medicine 

University of Ottawa 

 

© Dahn Jeong, Ottawa, Canada, 2015 



 

ii 

 

Acknowledgements 

 

Firstly, I would like to thank my supervisor Dr. Mark Tyndall for the opportunity to work on 

such highly interesting and instructive research. I am very grateful for his supervision and 

guidance throughout the entire project. 

I would like to express my sincere gratitude to Dr. Yoko Schreiber for her tremendous help and 

support during this research. Dr. Schreiber was available in every step of this project, and I am 

truly thankful for all her feedback and guidance. 

I would also like to thank Ms. Ha Nguyen and colleagues at the First Nations and Inuit Health 

Branch (FNIHB) at Health Canada. Ms. Nguyen provided support during all phases of data 

collection and analysis, by coordinating the travels for data collection, by helping with the data 

entry and much more.  

This research was a part of the bigger-scope project at Health Canada to review all antibiotic use 

in First Nations communities. I would like to thank all members of the FNIHB who contributed 

to make this project possible. I am sincerely thankful to all the nurses, healthcare professionals 

and community members in the different communities with whom I have met during data 

collection. Without their help it would have not been possible for me to travel to these remote 

communities, review the charts and to record the data. 

Last but not least, I cannot be more thankful to my family and friends for their support and 

encouragement.    

  



 

iii 

 

Table of Contents 

Abstract .......................................................................................................................................... 1 

Background ................................................................................................................................... 3 

Literature review .......................................................................................................................... 9 

Clinical impacts of CA-MRSA: Skin and Soft-Tissue Infections ....................................................... 9 

Treatment of SSTIs .............................................................................................................................. 10 

Community-associated MRSA infections in First Nations communities in Canada ...................... 11 

The antibiotic resistance ....................................................................................................................... 13 

Ethics ............................................................................................................................................ 18 

Article Manuscript ...................................................................................................................... 20 

Abstract .................................................................................................................................................. 21 

Introduction ........................................................................................................................................... 22 

Methods .................................................................................................................................................. 29 

Population ........................................................................................................................................... 29 

Selection criteria for chart review ...................................................................................................... 29 

Inclusion criteria: ............................................................................................................................ 29 

Sample size .......................................................................................................................................... 30 

Data collection .................................................................................................................................... 31 

Data collection tool ......................................................................................................................... 32 

Analysis ............................................................................................................................................... 33 

Results .................................................................................................................................................... 36 

Description of study population .......................................................................................................... 36 

Chart selection and case rate ........................................................................................................... 36 

Patient demographics ...................................................................................................................... 38 

Skin and soft tissue infections ............................................................................................................. 40 

Prevalence of SSTIs ........................................................................................................................ 40 

Prevalence of S. aureus ....................................................................................................................... 40 

MRSA susceptibility and profiles ................................................................................................... 42 

Characteristics of SSTIs .................................................................................................................. 42 

Diagnostic testing, treatment procedures and outcomes in SSTIs .................................................. 43 

Distribution of SSTIs by region ...................................................................................................... 47 

Antibiotic utilization for Skin and Soft Tissue Infections .................................................................... 48 

Antibiotics prescribed for SSTIs ..................................................................................................... 48 



 

iv 

 

Route, duration and frequency ........................................................................................................ 49 

Appropriateness of treatment for SSTIs .......................................................................................... 50 

Discussion .............................................................................................................................................. 56 

Conclusion ............................................................................................................................................. 63 

Final Conclusion.......................................................................................................................... 64 

Summary ...................................................................................................................................... 66 

Bibliography ................................................................................................................................ 68 

Appendices ................................................................................................................................... 81 

Appendix A. Summary of IDSA clinical practice guidelines (FOR ADULTS) and FNIHB Clinical 

Practice Guidelines (FOR ADULTS) .................................................................................................. 81 

Appendix B. IDSA and SHEA guidelines for antimicrobial stewardship ........................................ 84 

Appendix C. Antibiotic Tracking Case Report Form ........................................................................ 85 



 

1 
 

Abstract 

Methicillin-resistant Staphylococcus aureus (MRSA) is a growing concern in Canada 

especially in Aboriginal communities in remote regions. The northern and remote communities 

possess some or many of the risk factors that are identified in previous research to be associated 

with Community-Associated Methicillin-resistant Staphylococcus aureus (CA-MRSA) infections 

such as overcrowding, challenges in maintaining personal hygiene and limited access to 

healthcare. CA-MRSA spreads rapidly in the communities. It is known to be associated with 

high morbidity and mortality rates. Furthermore, antibiotic resistance in CA-MRSA is increasing 

in Canada. It is known that inappropriate and greater use of antibiotics is associated with 

increased antibiotic resistance. To reduce and to control the antibiotic resistance, monitoring the 

prevalence of CA-MRSA and the changing antibiotic susceptibility profiles at the population 

level, especially in highly affected communities, is crucial. To our knowledge, there was no 

community-based study that examined the epidemiology of CA-MRSA skin and soft-tissue 

infections (SSTIs) in First Nations communities in Canada at large scale, and the knowledge on 

the risk factors, outcomes and antibiotic susceptibility profiles is still very limited. 

This study aimed to describe the local epidemiology of SSTIs at the community level in selected 

First Nations communities as well as to describe the antibiotic use to treat SSTIs and the 

antibiotic susceptibility patterns of CA-MRSA. A retrospective chart review was conducted in 12 

nursing stations in the First Nations communities across 5 provinces in Canada. The charts of 

individuals over 18 years of age who had received service at the nursing station in the previous 

12 months, were reviewed in this study. Each antibiotic prescription that was noted in the chart 

in this period prior to chart review was recorded in the antibiotic tracking case report form. Data 

collected included demographics, indication for antibiotic use, antibiotic prescription parameters 
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and patient outcomes. In total, of 372 patient charts reviewed, 224 patient charts contained at 

least one case (an encounter that resulted in an antibiotic prescription during the study period). 

Of those 224 charts, 459 cases were recorded and, of those, 137 cases had a diagnosis of an 

SSTI. The prevalence of SSTI among the selected First Nations communities in 2012-2013 was 

estimated at almost 37%. In the 137 SSTI cases, 55 cases were identified as MRSA infections 

either by laboratory test such as wound culture or by history of colonization documented in the 

chart. The overall prevalence of MRSA in all SSTI cases was estimated at 40.1% (55 confirmed 

MRSA positive cases / 137 cases of SSTIs). The majority of SSTIs were purulent infections and 

wounds. We also found that a wound culture and susceptibility test were performed only in 29% 

of all SSTI cases. An orally administered antibiotic was most frequently used (in 71.5% of 

treatments). The majority of MRSA isolates in this study were susceptible to clindamycin and 

co-trimoxazole (90.5% and 95.2%), but only 29% were susceptible to erythromycin. In general, 

higher rates of SSTIs were seen in communities where overcrowding and poor access to running 

water are more prevalent. In this study, we found that the diagnostic tests such as wound culture 

and sensitivity test was not ordered very often and there was also lack of follow-up or lack of 

documentation of the follow-up. More research is needed to better understand the challenges and 

risk factors associated with CA-MRSA infections in remote communities. Developing a national-

level surveillance system that can help with monitoring the epidemiology of SSTIs and the 

antibiotic susceptibility test results of CA-MRSA at community level would be essential for 

better prevention, control, and management. Furthermore, adopting other initiatives such as 

antibiotic stewardship programs at community and healthcare settings as well as addressing the 

socio-environmental factors such as housing and access to water would be all very important in 

the steps to curb antibiotic resistance.  
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Background 

 

Staphylococcus aureus (S. aureus) is a gram-positive bacteria which is the leading 

pathogen responsible for causing skin and soft tissue infections (SSTI) (1–5). It is frequently 

found in the human respiratory tract and on the skin and can be part of the normal human flora 

(6–8). The colonization is very common in healthy people. It is thought that generally one out of 

every three people would be colonized (9,10). S. aureus is transmitted by direct skin-to-skin 

contact between people or indirectly by touching a contaminated object or surface (11,12). 

Moreover, S. aureus has a great ability to adapt to the antibiotics used against it. Over the past 60 

years, epidemics and pandemics of antibiotic-resistant S. aureus were seen globally (13). S. 

aureus gained resistance against penicillin shortly after its introduction as a treatment, and 

penicillin-resistant S. aureus became pandemic throughout the 1950s and 1960s (13). The next 

choice of antibiotic treatment for infections caused by penicillin-resistant S. aureus was semi-

synthetic penicillin (methicillin, oxacillin and cloxacillin) (14). Within two years following the 

introduction of these semi-synthetic penicillins as treatment, strains of S. aureus resistant to 

methicillin were found (13,14). Methicillin-resistant S. aureus (MRSA) then spread across the 

world over the last several decades and by the late 1960s, more than 80% of the S. aureus 

isolates found in hospitals were resistant to methicillin (15). These strains were named 

methicillin-resistant Staphylococcus aureus (MRSA). For many years, MRSA was seen almost 

exclusively as a nosocomial pathogen (11). However, since the 1990s, MRSA has also emerged 

in communities, causing SSTIs, necrotizing pneumonia, necrotizing fasciitis and sepsis (14). 

These MRSA strains found in the community were named Community-Associated MRSA (CA-

MRSA) (16). The standardized case definition of CA-MRSA, created by the US Centers for 
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Disease Control and Prevention (CDC), specifies that CA-MRSA is a MRSA infection caused in 

a person who has none of the risk factors related to healthcare settings (risk factors of 

Healthcare-Associated MRSA (HA-MRSA)) (16): 

 A positive culture of MRSA after 48 hours of admission to a hospital; 

 History of hospitalization, surgery or residency in a long-term care facility in the past 

year; 

 Presence of an indwelling percutaneous devices or catheters; or 

 Prior isolation of MRSA. 

This standardized case definition has some limitations, as HA-MRSA and CA-MRSA 

strains co-circulate in communities and in healthcare facilities (15,17,18). Because HA-MRSA 

and CA-MRSA strains are different from one another genotypically (19–21), molecular markers 

can be used to define MRSA isolates as “CA” or “HA”. When genotyping testing is not 

available/not practiced in local laboratories, the distinction between HA- and CA- MRSA 

infection is done based on the place of acquisition of infection (not always the same as the 

pathogen’s place of acquisition) (22). CA- and HA- MRSA not only differ genetically, but they 

also put different populations at risk (23) and have different risk factors (3,24,25). Although it is 

not yet clearly established, some known risk factors for CA-MRSA are low socioeconomic 

status, existing skin conditions (cuts, abrasions or wounds), scratches and insect bites, previous 

antibiotic use, poor hygiene, sharing of personal items and overcrowding (26–36). Also, some 

specific population groups are at higher risk of having CA-MRSA infections, such as people who 

inject drugs, men who have sex with men, military personnel, inmates of correctional facilities 

and Native or Aboriginal Canadians (14,37). Additionally, the Alberta Health and Wellness 
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department has proposed the “five C’s” of CA-MRSA transmission: lack of Cleanliness, 

Crowding, close Contact, sharing Contaminated personal items and Compromised skin (38). 

Certain groups of the population, such as Aboriginal Canadians, are particularly vulnerable to 

CA-MRSA because they share some or many of these risk factors. 

CA-MRSA is now a global concern, not only because CA-MRSA infections have been 

reported around the world, (8) but also because it mainly affects a young and previously healthy 

population who have no predisposing nosocomial infections, (39) and it is associated with more 

severe disease (40–42). In Canada, there is an increasing concern about CA-MRSA because the 

rates of MRSA found in the communities have been rising dramatically over the past decade 

(10,43–45).  The Canadian Nosocomial Infection Surveillance Program (CNISP) is a program 

which supports monitoring of healthcare-acquired infections at 52 sentinel sites of the Canadian 

Hospital Epidemiology Committee (CHEC). The CNISP reported that from 1995 to 2007 the 

proportion of CA-MRSA strains (from the MRSA infected cases counted in CNISP hospitals) 

increased from 6% to 23% (46). The results of CNISP reports show that the MRSA strains that 

are known to be community-associated have been increasing (Figure 1). It is clear that the 

number of MRSA isolates that are community-associated is rising in Canada. Although this is 

probably an underestimated number because the CNISP program only surveys inpatients at the 

sentinel sites, usually in large urban centres. The rates in northern and remote communities are 

expected to be higher because of the risk factors such as overcrowding, poor housing and limited 

access to healthcare. It has been identified that broader population-level surveillance is a priority 

in order to update and increase the knowledge and understanding of CA-MRSA in Canada (14).  
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Figure 1: Distribution of MRSA strains from infected cases, CNISP 1995-2007 (47).  

This increasing concern about CA-MRSA in Canada is further amplified by a 

combination of multiple issues. CA-MRSA is particularly well adapted to survive and transmit 

rapidly in community settings. Some of the known specific characteristics that contribute to this 

are the Panton-Valentine Leukocidin (PVL) genes which have cytolytic pore-forming activity 

that damages human immune cells, the smaller size of SCCmec IV element giving the CA-

MRSA strains better fitness to survive as well as bacteriocin (a type of toxin) and ACME 

(Arginine Catabolic Mobile Element), which contributes to the CA-MRSA’s enhanced growth 

and survival within its host (3,13,14,48,49). Furthermore, CA-MRSA has a higher attack rate in 

outbreak settings and infections occur in the general population, including healthy and young 

individuals (14). In addition, CA-MRSA infections put a greater burden on the health of the 

general population as well as increasing economic cost. Studies have found that resistant-Skin 

and Soft-Tissue Infections (SSTIs) (presumably caused by CA-MRSA) result in increased 

morbidity and mortality as well as in increased healthcare costs due to longer hospitalization and 
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higher hospital charges (1,50,51). In a study conducted by Salgado et al., the colonization period 

of community-associated strains of MRSA was about 700 times longer than that of the 

healthcare-associated strains: 36.9 billion annual person-days of MRSA colonization in the 

communities compared to 50.4 million annual person-days of colonization in the hospital (29). 

Moreover, studies have shown that HA-MRSA and CA-MRSA strains now co-circulate in 

communities and in healthcare facilities (15,17,18). The community-associated strains have now 

entered healthcare facilities and there are mathematical models predicting that CA- strains will 

eventually displace the HA- strains in healthcare settings (52,53). The barrier between 

communities and healthcare settings has become permeable. With this co-circulation of CA- and 

HA-MRSA strains in healthcare and community settings, infection control activities need to be 

coordinated between the two settings. Finally, there is also an increased concern about the multi-

resistance to antibiotics and some studies have suggested that control at the community level will 

have a direct effect on the control in the hospitals. Successful control of nosocomial antibiotic 

resistance depends on the absence of the introduction of new community strains into healthcare 

settings (54). As MRSA is rapidly evolving and becoming more and more common in both 

community and healthcare settings, it is essential to monitor its changing prevalence, distribution 

as well as its antibiotic susceptibility patterns (55,56).  

To date in Canada, the prevalence of CA-MRSA and the antibiotic susceptibility patterns 

have not been formally studied by a community-based study at the national level. Data on CA-

MRSA is available from the CNISP where the proportion of CA-MRSA strains (from the MRSA 

isolates obtained from the inpatients of CNISP hospitals) is assessed (57). Many studies 

recommend different strategies to better prevent, control and treat the infections caused by CA-

MRSA: infection prevention strategies (58), developing a surveillance program (14), infection 
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control practices in healthcare facilities (59) and adopting an antimicrobial stewardship program 

(49,60). Assessing the prevalence in the community and identifying and understanding some of 

the risk factors involved in high risk population, such as in northern and remote communities, are 

crucial to the success of all of these strategies to prevent and control infections caused by 

MRSA. 

This study aims to describe the local epidemiology of skin and soft tissue infections 

presumably caused by MRSA in selected First Nations communities across five provinces and to 

describe the patterns of prescription and use of antibiotics in the treatment of skin and soft tissue 

infections in the selected communities. The patient outcomes and the antibiotic susceptibility 

patterns were to be assessed where possible. Finally, the results of this study were to serve as the 

information source to update and develop some specific recommendations for the healthcare 

facilities in remote communities concerning the use of antibiotics for the treatment of patients 

presenting with skin and soft tissue infections in these communities.  
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Literature review 

 

Clinical impacts of CA-MRSA: Skin and Soft-Tissue Infections 

The most common clinical manifestation of Community-Associated Methicillin-resistant 

Staphylococcus aureus (CA-MRSA) is skin and soft tissue infections (SSTIs). About 90% of the 

cases of infections caused by CA-MRSA are SSTIs, and about 90% of them are abscesses or 

cellulitis with purulent drainage (4,5,10,61). Methicillin-resistant Staphylococcus aureus 

(MRSA) SSTIs can vary from mild, self-resolving infections to severe and life-threatening 

infections (62). The majority of these infections caused by CA-MRSA are mild to moderate 

purulent SSTIs such as furuncles, carbuncles, abscesses or purulent cellulitis (4,63,64). However, 

it has been reported that in some cases CA-MRSA can cause very severe and invasive infections 

such as severe sepsis, necrotizing pneumonia, necrotizing fasciitis, toxic shock syndrome, 

empyema and septic thrombophlebitis of large veins (13,14,25,65–68). Some of these more 

severe conditions are associated with a high mortality rates: necrotizing fasciitis and necrotizing 

pneumonia have been associated with 20% and 75% of mortality rates, respectively (25,65,69). 

Prior to the emergence of MRSA in communities, reports of these invasive and fatal diseases 

caused in healthy individuals were very rare; there are now many cases of outbreaks that have 

shown high morbidity and hospitalization associated with CA-MRSA. In the 1990s, a French 

study on community-acquired S. aureus pneumonia showed a mortality rate of 63% (37), and in 

the United States, there was an MRSA outbreak that caused the deaths of four children in the 

Midwest (55). The University of California at Los Angeles (UCLA) also reported that 4 of 14 

adults diagnosed with necrotizing fasciitis caused by MRSA had no preexisting medical 
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condition (37). Moreover, the CDC reports that in 2005 about 94,000 persons developed their 

first invasive MRSA infection, and the mortality rate was about 20% (70). They also found that 

of those infections, about 14% were community-associated (70). In 2007, CA-MRSA caused the 

deaths of six previously healthy adults and children because of necrotizing pneumonia (71). 

These invasive infections caused by CA-MRSA have a high mortality rate, even when treated 

with the best adequate therapeutics (37). 

 

Treatment of SSTIs  

Once a patient visits a healthcare professional with a SSTI, the treatment can vary 

depending on the severity of the infection and the characteristics of the infected individual (e.g. 

young infants or immune-compromised people). The use of antimicrobial agents and surgical 

incision and drainage (I&D) procedure are the basis of treatment (72). Minor SSTIs 

(uncomplicated and superficial) may be treated just by incision and drainage without 

antimicrobial therapy or with topical antimicrobial agents (e.g. topical mupirocin or bacitracin, 

or topical antiseptics) (14,72), whereas more complicated SSTIs may be treated with systemic 

antibiotics (e.g. parenteral vancomycin) (58,72).  

The I&D procedure is recommended for treatment of SSTIs based on the principle of 

source control and/or physical removal of infectious foci (64,73,74). It has been associated with 

high rates of cure or improved health outcomes (62). The IDSA practice guidelines recommend 

the incision and drainage procedure to treat abscesses, carbuncles large furuncles, and cellulitis 

(73,74), and since the majority of MRSA SSTIs are purulent, the I&D procedure is often 
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indicated for treatment (64). Some studies have shown the effectiveness of I&D only treatment 

(without antibiotics) of uncomplicated abscesses (62,75–77). 

 In Canada, the primary health care in First Nations communities is either provided by the 

federal government, provincial government or sometimes regulated by the bands. The majority 

of Aboriginal reserves are served by nursing stations under the First Nations and Inuit Health 

Branch (FNIHB) from the federal government. FNIHB provides clinical practice guidelines 

(CPG) to the nursing stations in the reserves (78). The current standard of treatment of SSTIs at 

the FNIHB nursing stations in northern communities is based on the FNIHB CPG. A summary of 

recommended treatment for SSTIs (in adults) by the FNIHB CPG as well as the IDSA clinical 

guidelines is available in Appendix A.  

 

Community-associated MRSA infections in First Nations communities in Canada  

Historically, in Canada, the first cases of outbreaks of CA-MRSA were seen in the late 

1990s in the Aboriginal communities of Alberta, Manitoba and Nunavut (79–84). In a 

retrospective survey conducted in five hospitals in central Canada, Embil and colleagues have 

found that 62% of the patients who were MRSA-positive at admission were First Nations 

patients (82). Dalloo et al. found in their study, conducted in 2006-2007 which investigated the 

initial MRSA outbreak in a northern Inuit community in Nunavut, that 83% of MRSA isolates 

met the case definition of CA-MRSA (79). In that Inuit community, the incidence of MRSA was 

about 60% higher than the nosocomial CNISP incidence (7.4 cases per 1,000 patient 

admissions), but comparable to the numbers reported in other remote communities in northern 

Saskatchewan and Manitoba (39,79,80,85). Furthermore, the incidence of CMRSA7 (one of the 
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predominant strains of CA-MRSA) increased in the Aboriginal communities in Manitoba (80), 

Saskatchewan (84) and in Nunavut (79). For example, in Manitoba, the crude rates increased 

from 1 infection per 10,000 in 2003 to 13 infections per 10,000 in 2006 (80). Many studies in the 

past have shown that the rates of CA-MRSA have been high in the Aboriginal population in 

remote, northern communities (26,83,84,86–90). In a recent report on the rates of CA-MRSA in 

Northwestern Ontario, Muileboom et al. found that there was an 80% increase of CA-MRSA 

strains in S. aureus isolates between 2008 and 2012; it is also noticeable that 25% of the 

infections were reinfections (91). The authors identified that the risk factors in the remote 

communities such as overcrowding, inadequate housing and poor sanitation may be contributing 

to the high reinfection rates (91). 

Traditional risk factors of nosocomial MRSA infection are known to be recent 

hospitalization, dialysis and the presence of an indwelling device (37). The risk factors of CA-

MRSA differ from the risk factors of HA-MRSA. The important increases in incidences and 

spread of CA-MRSA in Canadian Aboriginal communities might be associated with some of 

these particular risk factors of CA-MRSA: overcrowding, frequent skin-to-skin contact, existing 

skin conditions, household exposure to someone with a skin condition, scratches/insect bites, 

participation in activities that result in damaged skin, sharing potentially contaminated objects, 

challenges in maintaining personal hygiene, limited access to healthcare and lower socio-

economic status (26,31,33,34,83,85). Aboriginal people in Canada experience many of the CA-

MRSA risk factors (e.g. overcrowding – about 10 times more frequent among First Nations, low 

socioeconomic status, limited access to healthcare) or environments or conditions that are 

associated with the risk factors (e.g. markers for poorer health status – lower life expectancy, 

higher infant mortality rate, higher hospitalization rates) (58,79,92,93). In fact, Canadian 
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Aboriginals were six times more likely to have had CA-MRSA isolated than were non-

Aboriginals (83). It’s clear that CA-MRSA infections are a growing concern in First Nations 

communities, but there is a lack of adequate surveillance data on rates and impact of MRSA in 

the communities: many reports have suggested more research is needed to reduce and prevent 

CA-MRSA infections in aboriginal communities and to make better recommendations and 

guidelines for adequate treatment (58,83,93,94). 

 

The antibiotic resistance 

Another alarming issue associated with MRSA infections is the growing antimicrobial 

resistance worldwide and in Canada. Antimicrobial resistance (AMR) is the resistance of a 

microorganism to an antibiotic to which it was previously susceptible (95). The resistant 

organisms are able to withstand the standard antibiotic treatments and consequently infections 

persist and may spread to others (95). The World Health Organization (WHO) recognizes AMR 

as a  global concern because it results in prolonged illness and greater risk of death, in increased 

healthcare costs as more expensive therapies must be used and it also threatens a return to pre-

antibiotic era where many infectious diseases risk becoming uncontrollable (95,96). The WHO 

identifies some of the factors that contribute to increase the AMR as following (95):  

 Lack of a comprehensive and coordinated response; 

 Weak or absent antimicrobial resistance surveillance and monitoring systems; 

 Inadequate systems to ensure quality and uninterrupted supply of medicines; 

 Inappropriate use of antimicrobial medicine; 
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 Poor infection prevention and control practices; 

 Insufficient diagnostic, prevention and therapeutic tools.  

In a recently published report on antimicrobial resistance by the World Health Organization, they 

identify the antimicrobial resistance as a global public health threat that requires action; 

coordinated surveillance systems across nations were recommended to reduce the gaps that exist 

presently (8).  

In Canada, virtually all S. aureus are resistant to penicillin and ampicillin, but not to 

methicillin and cephalosporins; the S. aureus resistant to methicillin and cephalosporins are 

MRSA (37,49). CA-MRSA strains are susceptible to a wider range of antibiotics than HA-

MRSA strains, for example, trimethoprim-sulfamethoxazole, clindamycin and doxycyline 

(14,97). For example, 79% of HA-MRSA isolates are resistant to clindamycin, but CA-MRSA 

has a low baseline resistance to clindamycin in comparison to HA-MRSA (3,14) (Figure 2). 

According to the 2012 national antimicrobial testing results by the Canadian Antimicrobial 

Resistance Alliance (CANWARD), 85.4% of CA-MRSA was susceptible to clindamycin (98).
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Figure 2: Antimicrobial susceptibilities for CA- and HA- MRSA (3) 

 

Furthermore, not only is the antimicrobial resistance in CA-MRSA growing in Canada, 

but there has been some cases of clinical failures in CA-MRSA infections treated with 

clindamycin (99,100). There is a general consensus that the inappropriate and greater use of 

antibiotics are both associated with increased antibiotic resistance (101,102). Resistant SSTIs are 

difficult to treat; they result in increased morbidity and mortality, as well as increased healthcare 

costs (longer hospitalization, higher hospital charges) (1,50,51). In a recent study by Muileboom, 

the researchers have identified that the empiric treatment for cellulitis in Northwestern Ontario 

used to be cephalexin but the options for empiric treatment now have to be reconsidered because 

of the changing antibiotic resistance profiles of CA-MRSA (97).  

To reduce and minimize antibiotic resistance, various initiatives were suggested: 

infection prevention strategies (58), developing a surveillance program (14), infection control 

practices in healthcare facilities (59) and adopting an antimicrobial stewardship (49,60).  
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A surveillance system is defined by the CDC as an ongoing systematic collection, 

analysis and interpretation of health data essential to the planning, implementation, and 

evaluation of public health practice as well as the timely dissemination to those who need to 

know (57). The general objectives of such system are to:  

1) Monitor the number of cases for unusual changes and trends (risk, manifestation, 

affected population and geographic area);  

2) Monitor occurrence with/without intervention, planning, and further study;  

3) Identify abnormal events.  

Currently in Canada, the CNISP and the CANWARD both monitor the antimicrobial 

resistance in CA-MRSA at the national level, although their data is based only on isolates 

obtained from sentinel sites or tertiary care centers, therefore it may not be completely 

representative of smaller northern remote communities (103,104).  

 

The antimicrobial stewardship is a set of coordinated interventions which promote the 

appropriate use of antimicrobial agents (right choice of agent, right dose, route of administration 

and duration of therapy) for the right bacterial infection at the right time (49,60,105). This type 

of program is designed to optimize antimicrobial use in treating infections to achieve better 

health outcomes, to minimize adverse events and to reduce selective pressure on bacteria to 

reduce antimicrobial resistance. The Infectious Diseases Society of America (IDSA) and the 

Society for Healthcare Epidemiology of America (SHEA) presented guidelines for developing 

institutional programs to promote antimicrobial stewardship (105). They also identify two goals 

of the antimicrobial stewardship:  
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1) Optimize clinical outcomes and minimize adverse consequences of antimicrobial use;  

2) Reduce costs related to healthcare system without impacting the quality of care (105). 

Brief summary of the guidelines are presented in Appendix B.  
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Ethics 

 

This study was reviewed by the Health Canada Research and Ethics Board (REB) and the 

Ottawa Health Science Network Research Ethics Board (OHSN-REB). The project was 

determined to be a quality assurance or quality improvement project with established standards 

of care for the use of antibiotics in nursing stations by the Health Canada REB. The purpose of 

the project was to contribute in establishing better practices in nursing stations, i.e. by ensuring 

adherence to available guidelines, and update these guidelines to better reflect local 

epidemiology.  

 

Health Directors in the communities where data collection took place were contacted by 

the project coordinator. Furthermore, the consent from the Regional Nurse Officers (RNOs) was 

sought. The RNOs signed a concurrence form to approve that nursing stations in the region will 

participate in the project on a voluntary basis. This concurrence form was to replace the 

individual consent forms from each nursing station. The RNOs have also assisted in the selection 

of participating communities, which was done on a voluntary basis. Finally, the Nurse in Charge 

(NIC) and staff of nursing stations were informed of the project and were given the time frame 

for data collection. NICs in all participating communities have supported the project by 

accommodating the visiting investigators and coordinating the data collection processes. 

 

In addition, the regions and the selected nursing stations were assigned specific codes, to 

protect the identity of the community and no information to identify a specific prescriber or 
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client were recorded during the data collection process. Only the project coordinator has the 

master list of the facility codes. This process ensured that the communities, prescribers and 

clients are not identifiable in the project.  
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Abstract 

Background: The rate of MRSA infection has been rising in Canada with First Nations (FN) 

populations at higher-risk. To date, the prevalence of MRSA and the antibiotic susceptibility 

patterns have not been assessed by a community-based study at the national level. This study 

aimed to describe the local epidemiology of skin and soft tissue infections (SSTIs) in FN 

communities and also to describe antibiotic use. 

Methods: This study was a retrospective chart review at 12 nursing stations in FN communities 

across 5 provinces. People over 18 who visited the nursing station in the previous 12 months 

were included. Each encounter that resulted in an antibiotic prescription during the study period 

was captured as a “case”. Demographic information, indication for therapy, details of antibiotic 

use, microbiological data and treatment appropriateness were assessed.  

Results: In total, 372 charts were reviewed, 459 cases were recorded and 137 of these 

represented SSTI. The prevalence of SSTI among the FN communities in 2012-2013 was 

estimated at 37%. The prevalence of MRSA in SSTI was 40.1%. Most MRSA isolates in this 

study were susceptible to clindamycin and co-trimoxazole (90.5% and 95.2%), with only 29% 

susceptible to erythromycin. The majority of SSTIs were purulent infections and wounds. 

Wound cultures were performed in only 29%. Thirty percent of antibiotic prescriptions were 

judged to be inappropriate. 72% of infections were treated orally. Higher rates of SSTIs were 

seen in communities where overcrowding and poor access to running water are more prevalent. 

Conclusions: SSTIs, specifically due to MRSA, are common in FN communities in Canada. 

Appropriate prevention and treatment of SSTIs in these communities require a better 

understanding of the unique challenges faced by these communities as well as establishment of 

surveillance systems and antimicrobial monitoring programs.  
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Introduction 

In Canada, there is increasing concern about Community-Associated Methicillin-

Resistant Staphylococcus aureus (CA-MRSA) because the rates of MRSA found in communities 

have been rising dramatically over the past decade (10,43–45).  The Canadian Nosocomial 

Infection Surveillance Program (CNISP) is a program which supports the monitoring of 

healthcare-acquired infections at 52 sentinel sites of the Canadian Hospital Epidemiology 

Committee (CHEC). The CNISP reported that from 1995 to 2007 the proportion of CA-MRSA 

strains, from the MRSA infected cases counted in CNISP hospitals, increased from 6% to 23% 

(46). It is clear that the number of MRSA isolates that are community-associated is rising in 

Canada, although this is probably an underestimated number, because the CNISP program only 

surveys inpatients of the sentinel sites, usually in large urban centres. The rates in northern and 

remote communities are expected to be higher because of the risk factors such as overcrowding, 

poor housing and limited access to healthcare. It has been identified that broader population-level 

surveillance is a priority to update and increase the knowledge and understanding of CA-MRSA 

in Canada (14).  

This increasing concern about CA-MRSA in Canada is further amplified by a 

combination of multiple issues. CA-MRSA is particularly well adapted to survive and transmit 

rapidly in community settings (3,13,14,48,49). Furthermore, CA-MRSA has higher attack rate in 

outbreak settings and infections occur in the general population including healthy and young 

individuals (14). In addition, CA-MRSA infections put a greater burden on the health of the 

general population and create higher economic costs. Studies have found that resistant Skin and 

Soft-Tissue Infections (SSTIs), presumably caused by CA-MRSA, result in increased morbidity 

and mortality as well as in increased healthcare costs due to longer hospitalization and higher 
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hospital charges (1,50,51). In a study conducted by Salgado et al., the colonization period of 

community-associated strains of MRSA was about 700 times longer than that of the healthcare-

associated strains: 36.9 billion annual person-days of MRSA colonization in the communities 

compared to 50.4 million annual person-days of colonization in the hospital (29). Moreover, 

studies have shown that HA-MRSA and CA-MRSA strains now co-circulate in communities and 

in healthcare facilities (15,17,18). The community-associated strains have now entered 

healthcare facilities, and there are mathematical models predicting that CA- strains will 

eventually displace the HA- strains in healthcare settings (52,53). The barrier between 

communities and healthcare settings has become permeable, and with this co-circulation of CA- 

and HA-MRSA strains in the healthcare and community settings, the infection control needs to 

be coordinated between the two settings. Finally, there is also an increased concern about the 

multi-resistance to antibiotics, and some studies have suggested that control at the community 

level will have a direct effect on the control in the hospital – successful control of nosocomial 

antibiotic resistance depends on the absence of the introduction of the new community strains 

into the healthcare settings (54). As MRSA is rapidly evolving and becoming more and more 

common in both community and healthcare settings, it is essential to monitor its changing 

prevalence, distribution as well as its antibiotic susceptibility patterns (55,56).  

The prevalence of CA-MRSA and the antibiotic susceptibility patterns have not been 

formally studied by a community-based study at the national level in Canada. Data on CA-

MRSA is available from the Canadian Nosocomial Infections Surveillance Program where the 

proportion of CA-MRSA strains (from the MRSA isolates obtained from the inpatients of CNISP 

hospitals) is assessed (57). Assessing the prevalence in the community and identifying and 
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understanding some of the risk factors involved in the high risk population, such as in northern 

remote communities, are crucial to better prevent and control infections caused by MRSA. 

Staphylococcus aureus (S. aureus) is a gram-positive bacteria which is the pathogen most 

responsible for SSTIs (1–5). S. aureus is transmitted by direct skin-to-skin contact between 

people or indirectly by touching a contaminated object or surface (11,12). Moreover, S. aureus 

has a great ability to adapt to the antibiotics used against them; over the past 60 years infections 

caused by resistant S. aureus were considered to be exclusively healthcare- or hospital- 

associated (HA-) (14). However, since the 1990s, MRSA has also emerged in the communities, 

especially in North America (14). These MRSA strains found in the community were named 

Community-Associated MRSA (CA-MRSA) (16). According to the CDC case definition, CA-

MRSA is an MRSA infection in a person who has none of the risk factors for HA-MRSA: a 

positive culture of MRSA after 48 hours of admission to a hospital; history of hospitalization, 

surgery or residency in a long-term care facility in the past year; presence of an indwelling 

percutaneous devices or catheters; or prior isolation of MRSA (16). This standardized case 

definition has some limitations, as HA-MRSA and CA-MRSA strains co-circulate in  the 

communities and in healthcare facilities (15,17,18). Furthermore, CA- and HA- MRSA not only 

differ genetically, but they also put different populations at risk (23) and have different risk 

factors (3,24,25). Although it is not yet clearly established, some risk factors for CA-MRSA are: 

low socioeconomic status, existing skin conditions (cuts, abrasions or wounds), scratches and 

insect bites, previous antibiotic use, poor hygiene, sharing of personal items and overcrowding 

(26–36). Also, some specific population groups are at higher risk of having CA-MRSA 

infections such as injection drug users, men who have sex with men, military personnel, inmates 

of correctional facilities and Native or Aboriginal Canadians (14,37). 
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The most common clinical manifestation of CA-MRSA is skin and soft tissue infections 

(SSTIs): about 90% of the cases of infections caused by CA-MRSA are SSTIs, and about 90% of 

them are abscesses or cellulitis with purulent drainage (4,5,10,61). Although the majority of 

these infections caused by CA-MRSA are mild, it has been reported that in some cases CA-

MRSA can cause very severe and invasive infections such as severe sepsis, necrotizing 

pneumonia, necrotizing fasciitis, toxic shock syndrome, empyema, endocarditis and septic 

thrombophlebitis of large veins (13,14,25,65–68). Prior to the emergence of MRSA in 

communities, reports of these invasive and fatal diseases caused in healthy individuals were very 

rare. The University of California at Los Angeles (UCLA) also reported that 4 of 14 adults 

diagnosed with necrotizing fasciitis caused by MRSA had no preexisting medical condition (37). 

In addition, some of these conditions are associated with a high mortality rates: necrotizing 

fasciitis and necrotizing pneumonia have been associated with 20% and 75% of mortality rates, 

respectively (25,65,69). These invasive infections caused by CA-MRSA have a high mortality 

rate, even when treated with the best available therapeutics (37).  

Once a patient visits a healthcare professional with a SSTI, the treatment can vary 

depending on the severity of the infection and the characteristics of the infected individual (e.g. 

young infants or immune-compromised individuals). The use of antimicrobial agents and 

surgical incision and drainage (I&D) are the basis of treatment (72). Minor SSTIs that are 

uncomplicated and superficial may be treated by I&D without the antimicrobial therapy or with 

topical antimicrobial agents (e.g. topical mupirocin or bacitracin or topical antiseptics) (14,72), 

whereas more complicated SSTIs may be treated with systemic antibiotics (e.g. parenteral 

vancomycin) (58,72).  
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The antibiotic resistance of CA-MRSA is growing in Canada, and there have been some 

cases of clinical failures in CA-MRSA infection treated with clindamycin (99,100). There is a 

general consensus that inappropriate and greater use of antibiotics are both associated with 

increased antibiotic resistance (101,102). Resistant SSTIs are difficult to treat; they result in 

increased morbidity and mortality as well as in increased healthcare costs due to longer 

hospitalization and higher hospital charges (1,50,51). To reduce and minimize antibiotic 

resistance, various initiatives were suggested such as infection prevention strategies (58), 

developing a surveillance program (14), infection control practices in healthcare facilities (59) 

and adopting an antimicrobial stewardship program (49,60).  

The antimicrobial stewardship program is a set of coordinated interventions which 

promote the appropriate use of antimicrobial agents (right choice of agent, right dose, route of 

administration and duration of therapy) for the right bacterial infection at the right time 

(49,60,105). The Infectious Diseases Society of America (IDSA) and the Society for Healthcare 

Epidemiology of America (SHEA) presented guidelines for developing institutional programs to 

promote antimicrobial stewardship (105). They also identify two goals of the antimicrobial 

stewardship: 1) optimize clinical outcomes and minimize adverse consequences of antimicrobial 

use; 2) reduce costs related to healthcare system without impacting the quality of care (105).   

Historically in Canada, the first cases of outbreaks of CA-MRSA were seen in Aboriginal 

communities (79–84). In a retrospective survey conducted in five hospitals in central Canada, 

Embil and colleagues have found that 62% of the patients who were MRSA positive at 

admission were First Nations patients (82). Furthermore, the incidence of CMRSA7 (one of the 

predominant strains of CA-MRSA) increased in the Aboriginal communities in Manitoba (80), 

Saskatchewan (84), and in Nunavut (79): for example, in Manitoba, the crude rates increased 
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from 1 infection per 10,000 in 2003 to 13 infections per 10,000 in 2006 (80). These important 

increases in incidence and spread of CA-MRSA in Canadian Aboriginal communities might be 

associated with some of the common risk factors of CA-MRSA which were identified in 

previous research (31,106,107): overcrowding, frequent skin-to-skin contact, participation in 

activities that result in damaged skin, sharing potentially contaminated objects, challenges in 

maintaining personal hygiene, limited access to healthcare and lower socio-economic status 

(31,33,34,83,85). Aboriginal people in Canada experience many of these risk factors of CA-

MRSA (e.g. overcrowding – about 10 times more frequent among First Nations, low 

socioeconomic status, limited access to healthcare). In addition, environments or conditions that 

are associated with the risk factors (e.g. lower life expectancy, higher infant mortality rate, 

higher hospitalization rates) are more common (58,79,92,93). In fact, Canadian Aboriginals were 

six times more likely to have had CA-MRSA isolated than were non-Aboriginals (83). It’s clear 

that CA-MRSA infections are a growing concern in First Nations communities. As CA-MRSA 

can spread rapidly in the communities and can cause severe and fatal diseases in otherwise 

healthy individuals, research to identify risk factors associated with CA-MRSA infections in 

these communities are necessary for effective treatment and prevention strategies. The 

knowledge of local MRSA infection and antibiotic resistance rates are especially needed for the 

adequate management of SSTIs (66). In Canada, the primary health care in First Nations 

communities is either provided by the federal government, provincial government or sometimes 

regulated by the bands. A band is defined by the Aboriginal Affairs and Northern Development 

Canada (AANDC) as: “A body of Indians for whose collective use and benefit lands have been 

set apart or money is held by the Crown, or declared to be a band for the purposes of the Indian 

Act. Each band has its own governing band council, usually consisting of one chief and several 
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councillors. Community members choose the chief and councillors by election, or sometimes 

through custom (…)” (108). The majority of the Aboriginal reserves are served by the nursing 

stations under the First Nations and Inuit Health Branch (FNIHB) from the federal government. 

FNIHB provides a clinical practice guidelines (CPG) to the nursing stations in these reserves 

(78). The current standard of treatment of SSTIs at the FNIHB nursing stations in the northern 

communities is based on the FNIHB CPG. 

This study will add to the knowledge of the prevalence of MRSA infections in some of 

the First Nations communities, which are part of the at-risk populations for outbreaks of MRSA 

infections (37,79,80,82,109). The authors of a cross-sectional study looking at the prevalence of 

MRSA in Ottawa shelters identified in their work that more prevalence studies in high-risk 

populations in Canada are needed to detect the changing epidemiology of MRSA and to guide 

empirical treatment of suspected MRSA infections in those populations (94). The 

epidemiological data on SSTIs and the data on antibiotic utilization in these communities could 

be used to monitor the changing prevalence and susceptibility profiles of CA-MRSA in Canada. 

Developing the recommendations for an antimicrobial stewardship program will also 

contribute to optimizing antibiotic utilization in local healthcare facilities, which will reduce and 

prevent the antibiotic resistance, control the spread of CA-MRSA, decrease healthcare costs 

related to SSTIs as well as improve health outcomes. Many studies have already suggested that 

evidence-based guidelines on antimicrobial utilization in healthcare facilities should be 

implemented (15,26,49,93). This study will be able guide the development of evidence-based 

empirical treatment strategies specific to the selected First Nations communities in Canada. 
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Methods 

 

Population 

This study consisted of a retrospective chart review at selected nursing stations in the 

First Nations communities across five provinces in Canada (AB, SK, MB, ON and QC). Twelve 

nursing stations in total were selected to be included in this study based on the sample size 

calculation. The participation of communities was on a voluntary basis. The Health Canada 

Regional Nursing Officers (RNOs) assisted in the selection of participating communities. During 

the recruitment phase, the regional and community representatives at Health Canada nursing 

stations received an information letter containing the summary of the study and were asked to 

communicate with the study coordinator at the FNIHB Headquarters if they were interested in 

participating. After all 12 nursing stations were selected to participate in the study, they were 

sent details about the data collection such as the number of charts to be reviewed at the selected 

nursing station and the chart selection procedure including clearly defined selection criteria.  

 

Selection criteria for chart review 

Inclusion criteria:  

1. Client 18 years of age or older; 

2. Any client who has received a service at the nursing station over the past 12 months, 

starting retrospectively from the date of data collection. 
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Sample size 

The sample size was calculated by using a two-stage cluster sample with stratification. At 

stage 1, the number of nursing stations needed was determined: as each nursing station 

represents a cluster and each province containing nursing stations represents a stratum, it was 

calculated that selecting 12 nursing stations across six provinces1 would give estimates of ± 12% 

with 95% confidence. The allocation of nursing stations is done by a √N-proportional allocation, 

where N represents the stratum population sizes. To ensure that at least one nursing station is 

sampled in each stratum, the number of nursing stations sampled in each stratum are: 1, 2, 3, 2, 

2, 2. At stage 2, the number of patients’ charts to review at each nursing station was calculated. 

In order to estimate the proportion of correct antibiotic treatment within a margin of error of 

10%, the minimum number of infections required to sample is n=100. This n is then multiplied 

by a factor of 4, because it is known from an audit (conducted in 2011 at Health Canada) that 1 

in 4 patient charts, antibiotics were prescribed for treatment. Then, it was determined that 400 

charts (n=100*4=400) across 12 sampled nursing stations were needed to be reviewed. About 20 

charts were selected per 1000 population. Although the sample size was calculated based on the 

assumption that one in four charts would have a case of antibiotic use, in the actual data 

collection, approximately one in two charts had a case of antibiotic use. Hence the sample size of 

372 charts was adequate to proceed with the analysis.  

 

 

                                                           
1 Originally, six provinces were to participate in this project, but only five provinces were actually included in the 
project. The sample size is still statistically valid because the total number of charts reviewed is adequate. 
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Data collection 

This study was a cross-sectional survey, using clients’ charts at the nursing station for 

review. A simple random sample of patient charts was employed to select the charts to be 

reviewed from each of the selected nursing stations. The auditor chose a random starting point 

and selected the number of charts in an evenly-spaced manner. The inclusion criteria was used to 

select the charts to be reviewed. If a chart was pulled and it did not meet the inclusion/exclusion 

criteria, the next chart meeting the criteria was selected. One or two days prior to the date of 

arrival of the investigator at the nursing station for data collection, the Nurse In Charge (NIC) 

designated support staff at the nursing station to randomly select the specified number of charts 

for the project.  

Charts were reviewed retrospectively covering a one year period, starting from the date 

the investigator arrived at the nursing station for data collection. Any time an antibiotic was 

prescribed during this one year period, it was captured in the Antibiotic Tracking Case Report 

Form (CRF) for analysis. The charts were reviewed for data on patient encounters that resulted in 

an antibiotic prescription(s).  

Each time a client received a service at the nursing station which resulted in a 

prescription of at least one type of antibiotic within the previous year, it was defined as one case. 

So as the charts were reviewed, each antibiotic treatment for an infection during the study period 

was captured as a “case”. Each case was captured in the Antibiotic Tracking Case Report Form 

(CRF) (see Appendix C) for analysis.  
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Data collection tool 

During the data collection phase, the Antibiotic Tracking CRF was used to collect pertinent 

information from the patients’ charts. Patients’ names and unique identifier numbers (e.g. health 

card or Band number) were not captured on the Antibiotic Tracking CRF. Each chart was 

assigned a number in ascending order. The collected data from the each patient’s chart included:   

 Coded location 

 Patient’s assigned number for the study 

 Prescriber type: RN, NP, MD, dentist 

 Date of antibiotic prescription 

 Demographic information about the patient: gender, age, weight, creatinine or creatinine 

clearance, allergy status 

 Other relevant medical conditions of the patient: diabetes, COPD, cardiac disease, 

pregnancy, immunocompromised, alcoholism, asplenia, liver disease, renal disease, other 

 Presence of medical devices: urinary catheter, central line, other 

 Indication for use of antibiotic: fever, urinary tract infection symptoms, respiratory 

infections symptoms (upper, lower, ear), diarrhea, skin/wound infection, sexually 

transmitted infection, eye infection, dental infection, other 

 Diagnostic tests: blood culture, urine culture, urinalysis, sputum test, throat culture, stool 

culture, chest x-ray, CBC, wound culture, vaginal swab, other 
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 Presence of a resistant organism and laboratory test results (including the antibiotic 

susceptibility if available) 

 Outcomes: clinical outcomes, adverse events, disposition 

 Presence of other treatment procedures: adjunctive therapy, incision and drainage 

procedure, wound care 

 Information on antibiotic use: the prescribed antibiotic, dose, route, frequency, duration, 

presence of combination therapy.  

 

Analysis 

Primary outcomes measures such as demographic information of the patients, the 

diagnosis (the reason for visit of the primary health care facility), the antibiotic utilization 

patterns and the clinical outcomes were collected from the medical charts. Information was 

gathered from the nursing notes and the doctor’s notes. When available, antibiotic susceptibility 

profiles from laboratory reports linked to the existing patient medical chart were also recorded. 

Secondary outcome measures such as antibiotic appropriateness was assessed by looking at the 

antibiotic utilization patterns (antibiotic used, dose, route and frequency of administration and 

duration of treatment) and the appropriateness was assessed in seven different categories: 

appropriate agent, appropriate dose, appropriate route of administration, appropriate frequency of 

administration, appropriate duration of treatment, appropriate combination therapy and overall 

appropriateness of treatment. 
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The appropriateness of the antibiotic prescribed was determined by using the FNIHB 

Clinical Practice Guidelines (CPG) (78) and by using the Infectious Diseases Society of 

America’s (IDSA) Clinical Practice Guidelines (110) (Appendix A), based on the client’s pre-

existing medical conditions, the clinical symptoms and availability of the diagnostic test results 

including culture and susceptibility when available. In cases where an antibiotic was used in 

combination with another antibiotic, the appropriateness of this combination therapy was 

determined. Finally, the overall appropriateness of each antibiotic use was determined. The 

overall appropriateness of each antibiotic treatment was evaluated as:  

 Inappropriate use but not resulting in ineffective therapy;  

 Appropriate use; 

 Inappropriate use and resulting in ineffective therapy; 

 Unable to assess (the appropriateness).  

Inappropriate use but not resulting in ineffective therapy was defined as an antibiotic 

prescription in higher doses or longer duration than necessary, or choice of a second-line agent 

when a first-line agent was available, or unnecessary broad spectrum agent used. Inappropriate 

use and resulting in ineffective therapy was defined as duration shorter than the recommended 

duration, prescription dose lower than the recommended dose, use of narrow-spectrum agent 

when broad spectrum agent or combination therapy indicated, or mismatch between antibiotic 

and available culture results. 

Data was analyzed using SAS statistical software (version 9.3, ©2002-2010 SAS Institute 

Inc., Cary, NC, USA) for analysis.  
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Patient demographics and other variables of primary outcome measures (including 

predisposing health conditions and patient outcomes) were analyzed by using descriptive 

statistics. The patient’s clinical outcome was considered as “treatment failure” when it was noted 

in the charts that patients returned to the nursing stations for treatment as they were clinically not 

improving on the prescribed antibiotic, they were experiencing adverse reactions or side effects 

to the prescribed antibiotic, or they admitted being non-adherent to taking the antibiotic. 

The proportion of SSTIs that are caused by MRSA was calculated as below to describe local 

epidemiology of SSTI in the selected communities:  

Prevalence of MRSA =
𝑀𝑅𝑆𝐴 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑆𝑇𝐼 𝑐𝑎𝑠𝑒𝑠⁄  

The prevalence of SSTIs, proportions of different antibiotics used, proportions of 

resistance to antibiotics, as well as the overall clinical outcomes and the antibiotic utilization 

patterns (antibiotic used, route of administration, mean duration of treatment, and antibiotic 

appropriateness) were analyzed. 

The prevalence of SSTIs in the patient population was calculated as below: 

Prevalence of SSTIs =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑆𝑇𝐼 𝑐𝑎𝑠𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐ℎ𝑎𝑟𝑡𝑠 𝑟𝑒𝑣𝑖𝑒𝑤𝑒𝑑⁄  
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Results 

Description of study population 

Chart selection and case rate 

Figure 3 presents a diagram of the process of chart selection for the retrospective chart 

review at the nursing stations in selected First Nations communities. Of the 372 charts randomly 

selected across 12 nursing stations in five provinces, 224 charts contained at least one case, 

defined as a charted encounter where an antibiotic prescription was provided in the past 12 

months. From those charts, 459 cases of antibiotic prescriptions were recorded on the case report 

forms and were analyzed (i.e. some charts contained more than one case). There were 137 cases 

with the diagnosis of a Skin and Soft-Tissue Infection (SSTI) in total, from 65 patient charts. 

Separate analyses for SSTIs were performed with this data. In total, 569 antibiotic prescriptions 

were written at the nursing stations.   
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65 charts with 
a diagnosis of 

SSTI

137 cases with 
a diagnosis of 

SSTI 
                                                                                                                                       

Figure 3. Diagram of patient charts, number of cases and antibiotic prescriptions. 

 

Table 1 presents the total number of charts reviewed in each province and the respective 

number of cases recorded from those provinces. The case rate was calculated based on the 

number of cases recorded in each province divided by the number of charts reviewed in each 

province. 

Table 1: Number of charts reviewed and number of cases recorded in the five provinces 

Province Number of charts 

reviewed 

Number of cases 

recorded 

Case rate 

Ontario 100 126 1.26 

Alberta 60 77 1.28 

Manitoba 120 170 1.42 

Saskatchewan 70 63 0.9 

Quebec 22 23 1.05 

Total 372 459 1.23 

 

372 patient 
charts 

224 charts 
containing at 
least one case

459 cases
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Patient demographics 

The patient characteristics were analyzed from the 224 patients whose charts contained at 

least one case from the total of 372 charts that were reviewed; 65 patients whose charts contained 

at least one case of SSTI were analyzed separately. Table 2 shows characteristics of the study 

sample. Most of the demographic characteristics are similar between all patients and SSTI 

patients. The only noticeable difference was in gender distribution: there were more cases 

involving females than males (60% vs. 40%, respectively). For SSTI patients, the distribution is 

more equal between females and males (48% vs. 52%, respectively). More than 80% of the study 

population (83% and 89% for all patients and SSTI patients, respectively) was under the age of 

50, and persons under the age of 30 represented the largest group for which antibiotics were 

prescribed. Demographic information (gender and age distribution) from the communities was 

not available for comparison. In both all patients and SSTI patients, the prevalence of impaired 

renal function was low (less than 5%). Diabetes was present in at least one fifth of the population 

in both groups. Cardiac disease was present in more than 15% of all patients (almost 19% for all 

patients and 15% in SSTI patients) and reported alcohol misuse was present in one fifth of the 

population in all patients and in 30% of SSTI patients, respectively. “Other disease” is present in 

40% of the SSTI patients: this included depression, schizophrenia, asthma, hypertension, 

osteoarthritis, etc. Presence of indwelling devices such as urinary catheters or permanent 

intravenous access devices, which increase the risk of infection, was rare in both all patients and 

SSTI patients. The “other device (n=1)” in SSTI patients was a cochlear implant.  
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Table 2: Study population characteristics  

 All patients (N total=224) SSTI patients (N total=65) p-value 

 N (%) N (%)  

Gender    

Male 91 (40.6 %) 34 (52.3 %) 
0.0942a 

Female 133 (59.4 %) 31 (47.7 %) 

Age (years)    

18 to 30 95 (42.4 %) 32 (49.2 %) 

0.3247a 

31 to 40 51 (22.8 %) 11 (16.9 %) 

41 to 50 40 (17.9 %) 15 (23.1 %) 

51 to 60 20 (8.9 %) 6 (9.2 %) 

61 to 70 12 (5.4 %) 0 

70+ 6 (2.7 %) 1 (1.5 %) 

Creatinine Clearance 

(GFR) 
 

 
 

<60mL/min 10 (4.5 %) 3 (4.6 %) 

1.000b >60mL/min 197 (88.0 %) 57 (87.7 %) 

Missing 17 (7.6 %) 5 (7.7 %) 

Pre-existing medical 

conditions 
 

 
 

COPD 6 (2.7 %) 2 (3.1 %) 1.000b 

Diabetes 48 (21.4 %) 13 (20.0 %) 0.8038a 

Pregnancy 12 (5.4 %) 0 0.0746b 

Cardiac disease 42 (18.8 %) 10 (15.4 %) 0.5340a 

Immunocompromised 3 (1.3 %) 1 (1.5 %) 1.000b 

Alcoholism 40 (17.9 %) 20 (30.8 %) 0.0238a 

Asplenia 0 0 - 

Liver disease 10 (4.5 %) 3 (4.6 %) 1.000b 

Renal disease 13 (5.8 %) 3 (4.6 %) 1.000b 
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Other disease 103 (46.0 %) 26 (40.0 %) 0.3930a 

Presence of medical 

device 
 

 
 

Urinary catheter 1 (0.5 %) 0 

1.000b Central line 0 0 

Other device 5 (2.2 %) 1 (1.5 %) 

aP-value calculated from Chi-Square Test of Independence  

bP-value calculated from Monte Carlo estimate for the Fisher’s Exact Test 

 

Skin and soft tissue infections 

Prevalence of SSTIs 

There were 137 of cases of SSTIs in the 372 charts reviewed. This means that the 

proportion of SSTIs in total population (reviewed charts) was: 137 SSTI cases / 372 charts 

reviewed across 12 nursing stations in the First Nations reserves. At least one case of SSTI, for 

which an antibiotic prescription was made, was found in 36.8% of the patient charts. This cross-

sectional proportion of SSTIs in the total population can be used to estimate the prevalence of 

SSTIs among selected First Nations communities at almost 37%.  

 

Prevalence of S. aureus 

The proportions of SSTIs caused by S. aureus were estimated for 137 cases of SSTIs. 

Table 3 shows the proportions of SSTIs caused by S. aureus. 
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Table 3: Staphylococcus aureus in SSTIs 

 N % 

MSSA 5 3.65 

MRSA 55 40.15 

Other organism 8 5.84 

Unknown organism 69 50.36 

N total=137 cases of SSTI 

 

The proportions of SSTI cases that were caused by Methicillin-resistant Staphylococcus 

aureus (MRSA) were determined by confirmed wound cultures or presumed by history of 

colonization as documented in the chart. In the 55 cases that were MRSA positive, 27 cases were 

confirmed by a wound culture during the current infection. For the remainder of cases, MRSA-

positive status was known from previous wound culture results or as indicated in the patient’s 

chart; meaning that the patient was colonized with MRSA. The proportion of MRSA positive 

cases in the total number of SSTIs that were treated with antibiotics can be used to estimate the 

prevalence of MRSA in all SSTI cases. Overall, the prevalence of MRSA in all SSTI cases was 

estimated at 40.1%. It is important to note that the etiologic agent remained unknown in more 

than 50% of the SSTI cases.  

Other organisms isolated from wound cultures included Group A streptococcus (n=6), 

Viridans group streptococcus (n=1), Enterobacter cloacae (n=2), and Serratia marcescens (n=1). 

 



 

42 

 

MRSA susceptibility and profiles 

The susceptibility of MRSA to different antibiotics was analyzed from culture and 

susceptibility results, when available in patient charts. It’s important to note that the panels of 

antibiotics tested differ across regions and not all isolates are tested against every antibiotic 

listed. Only 29% of MRSA isolates in this study were susceptible to erythromycin, but most 

were susceptible to clindamycin and co-trimoxazole (90.5% and 95.2% respectively). 

Antibiogram for MRSA and MSSA is presented in table 4. 

Table 4: Antibiogram for S. aureus/MRSA 

Antibiotic 

susceptibility 
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 Percentage of isolates that are susceptible 

Staphylococcus 

aureus 
4 50 50 - 100 100 100 100 - 100 0 

MRSA 21 28.6 90.5 100 95.2 100 0 100 100 0 0 

 

 

Characteristics of SSTIs 

Characteristics of SSTIs were collected when data was available in the charts. It was 

possible to categorize the 137 cases of SSTIs in four groups: purulent infections, non-purulent 

infections, skin-breakdowns and wounds. Purulent infections included abscesses, boils, 

                                                           
2 Not all isolates tested against every antibiotic listed. 
“-“ :The isolate was not tested against this antibiotic 
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folliculitis, impetigo and open wounds or sores with pus or purulent discharge. Non-purulent 

infections included cellulitis and any infections with swelling or redness, but no pus or discharge. 

Skin breakdowns included lacerations, rashes, scabs, warts and abrasions. Only the cases where 

it was described in the chart as having a purulent discharge was categorized as purulent 

infections. Open sores, ulcers, bite wounds and surgical site infections were grouped into 

“wounds”. Different proportions are shown in Table 5. Approximately 27% of SSTI cases could 

not be classified due to lack of information available in the charts. Purulent infections and 

wounds were most common; each representing almost one quarter of all cases.   

Table 5: Characteristics of SSTIs 

 N % 

Purulent 34 24.82 

Non-purulent 15 10.95 

Skin breakdown 17 12.41 

Wounds 34 24.82 

Unknown 37 27.01 

N total=137 cases of SSTI 

  

Diagnostic testing, treatment procedures and outcomes in SSTIs 

Diagnostic testing was performed in 44% of all cases (n=459). In the 137 cases of SSTIs, 

around 39% of them had at least one diagnostic test performed. Table 6 presents the frequency of 

diagnostic testing in the 137 cases of SSTIs. Wound culture and susceptibility test was done in 

only 29% of SSTI cases. However, some SSTI may have been non-purulent such as cellulitis or 

erysipelas. 40% of cases presenting with SSTI were previously known or confirmed to be MRSA 

positive. When we assessed frequency of wound culture and susceptibility test by different SSTI 
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categories, the group with the highest frequency of wound culture is the “unknown” SSTIs, with 

almost 49% of the cases. Since all the cases that did not have any information on the chart 

indicating the characteristics of the infection were grouped into this “unknown” SSTIs group, we 

can only speculate that some of these were purulent infections requiring a wound culture. For 

some patients no wound culture was obtained, as they were treated empirically based on their 

previous test results indicating positive MRSA status.  

Table 6: Frequency of diagnostic testing in SSTIs 

 N % 

Performance of diagnostic tests   

Blood culture 2 1.46 

CBC 4 2.92 

Wound culture 40 29.20 

Purulent  9 26.473 

Non-purulent 3 20.004 

Skin breakdown 1 5.885 

Wounds  9 26.476 

Unknown  18 48.657 

Diagnostic test summary   

No test performed 84 61.31 

Test with positive result 38 27.74 

Test with negative result 8 5.84 

Test result missing 7 5.11 

N total=137 

 

                                                           
3 26.47% of all purulent infections (n=34) had wound culture performed 
4 20% of all non-purulent infections (n=15) had wound culture performed 
5 5.88% of all skin breakdowns (n=17) had wound culture performed 
6 26.47% of all wounds (n=34) had wound culture performed 
7 48.65% of all “unknown” SSTIs (n=37) had wound culture performed 
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In addition to antibiotic treatment, use of adjunctive treatment measures were also noted from 

the patient charts. These include incision and drainage (I&D) procedure and wound care. Around 

49% of the patients received wound care at the clinics and about 9% of all SSTI cases received 

incision and drainage procedure. However, when we assess use of adjunctive measures by SSTI 

category, the group “purulent infections” had the highest proportion where I&D procedure was 

performed. 8 out of 12 incision & drainage procedures were performed for purulent SSTI cases. 

Wound care usually involved wound cleansing and a change of dressing and debridement in 

some situations. The proportion of combined-antibiotic treatment (i.e. two or more antibiotic 

agents were prescribed for the same infection) as well as the proportion of cases which were 

treated with topical antibiotics were documented. Combination therapy was most commonly 

prescribed using cephalexin and co-trimoxazole, particularly in one community. 26% of SSTIs 

were treated with topical antibiotics: 18% of SSTIs were treated with topical antibiotics only and 

9% of SSTIs were treated with a dual treatment consisting of both topical and oral antibiotics. 

Clinical outcomes were also noted from the charts. Table 7 shows the frequency of other 

treatment procedures and the clinical outcomes for SSTI cases. For the majority of cases, the 

clinical outcome is unknown. There are some possible explanations for the unknown outcomes:  

 Clients usually do not return to the nursing station after their initial visit 

 Follow-up appointments are not documented in the charts 

 The population is somewhat transient8 making the process of follow-up difficult. 

 

                                                           
8 There were a few cases of patients who are “visiting” the communities and presented themselves to the nursing 
station. I was also seen in some of the patient charts that the patient doesn’t visit the nursing station often and 
sometimes there was no documentation for years. 
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Table 7: Outcomes, adjunctive therapy and combination therapy for SSTIs 

 N % 

Clinical outcomes   

Cure 16 11.68 

Failure 19 13.87 

Unknown 84 61.31 

Improvement 17 12.41 

Adjunctive therapy   

Yes 68 49.64 

No 69 50.36 

Incision & drainage   

Yes 12 8.76 

Purulent 8 23.539 

Non-purulent 1 6.6710 

Skin breakdown 0 0 

Wounds  0 0 

Unknown 3 8.1111 

No 125 91.24 

Wound care   

Yes 67 48.91 

No 70 51.09 

Combination therapy   

Yes 41 29.93 

No 96 70.07 

Treatment with topical antibiotics 36 26.28 

                                                           
9 23.53% of all purulent infections (n=34) had incision & drainage performed 
10 6.67% of all non-purulent infections (n=15) had incision & drainage performed 
11 8.11% of “unknown” SSTIs (n=37) had incision & drainage performed 
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In combination with oral antibiotics 12 8.76 

Topical antibiotic treatment alone 24 17.52 

N total=137 

 

Distribution of SSTIs by region 

Table 8 shows the distribution of SSTIs across provinces. The rates of SSTIs were 

calculated based on the number of SSTI cases found in the communities for each province 

divided by the total number of charts reviewed in the provinces. Although the rate of SSTIs per 

community is not shown to ensure confidentiality, analysis for SSTI rate per community was 

performed. In general, higher rates of SSTIs12 were seen in the communities where patients are 

known to experience overcrowding and less access to running water (residents in the three 

communities with the highest rate of SSTI did not have access to running water). 

Table 8: Distribution of SSTIs by province  

 N of cases N of charts Rate of SSTI per 

chart 

Province    

Ontario 34 100 0.34 

Alberta 8 60 0.13 

Manitoba 60 120 0.5 

Saskatchewan 21 70 0.3 

Quebec 14 22 0.64* 

 N total=137 

*Note: The rate of SSTI per chart in QC is high. However it is representative of one community 

that mainly uses topical antibiotic for minor skin infections. 

 

                                                           
12 Top 3 highest rates of SSTI per chart by community are: 0.725, 0.7 and 0.5 
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Antibiotic utilization for Skin and Soft Tissue Infections 

Antibiotics prescribed for SSTIs 

Table 9 presents all the antibiotics prescribed for the 137 cases of SSTIs in this study. 

The top seven most prescribed antibiotics for skin and soft tissue infections were (from highest 

to lowest): cephalexin (n=45), co-trimoxazole DS (n=26), Polysporin ointment (n=9), ceftriaxone 

(n=7), azithromycin (n=5), cloxacillin (n=5), and ciprofloxacin (n=5). Clindamycin was rarely 

used in the treatment of SSTI. Combination treatments using cephalexin and co-trimoxazole 

were prevalent in some communities. 

Table 9: Antibiotic utilization for SSTIs 

Antibiotic prescribed N % 

Cephalexin 45 32.85 

Co-trimoxazole DS 26 18.98 

Polysporin ointment 9 6.57 

Ceftriaxone 7 5.11 

Azithromycin 5 3.65 

Cloxacillin 5 3.65 

Ciprofloxacin 5 3.65 

Cefazolin 4 2.92 

Bacitracin 4 2.92 

Amoxicillin 3 2.19 

Nitrofurantoin13 3 2.19 

Amoxicillin/Clavulanic acid 3 2.19 

Clindamycin 2 1.46 

Penicillin V 2 1.46 

                                                           
13 Cases with dual diagnosis: SSTI and UTI; they were still included in the analysis as SSTI cases. 
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Mupirocin ointment 2 1.46 

Clotrimazole cream 2 1.46 

Bactroban ointment 2 1.46 

Erythromycin ointment 1 0.73 

Cefixime 1 0.73 

Ciprodex drops14 1 0.73 

Doxycycline 1 0.73 

Fucidin cream 1 0.73 

Permethrin lotion 1 0.73 

Sofracort ear drops15 1 0.73 

Bacitrin ointment 1 0.73 

N total=137 cases of SSTI 

 

Route, duration and frequency 

The most frequent route of antibiotic administration was orally administered, with 71.5% 

of SSTI cases treated with orally administered antibiotics. There was 18.3% of SSTI cases 

treated with topical antibiotic and 8.8% of SSTI cases received an antibiotic administered 

intravenously. The prescribed frequency of antibiotic was variable. The frequency of admission 

prescribed most often was QID (four times a day), with 37.2%, followed by BID (twice a day), 

with 32.9%. 

The indicated duration of antibiotic treatment was variable; from one day of treatment 

(usually topical antibiotic applied at the nursing station on the day of the visit) to 3, 4, 5, 7, 10, 

                                                           
14 Cases with dual diagnosis: SSTI and ear infections; they were still included in the analysis as SSTI cases. 
15 Cases with dual diagnosis: SSTI and UTI; they were still included in the analysis as SSTI cases. 
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and 14 days of treatment. The most frequently prescribed duration of treatment was 7 days 

(n=53; 39%) followed by 10 days of treatment (n=33; 24%).  

For some antibiotic prescriptions, information on the dose, duration and frequency was 

not available as it was not recorded in the charts. 

Use of topical antibiotics was highly variable for indications, duration and frequency. For 

SSTIs, the duration of topical antibiotic treatment ranged from one day to 14 days. Five to ten 

days of topical antibiotic treatment was typical for SSTIs. In 36% of prescriptions, the duration 

of treatment was unknown. The frequency of application varied from a one-time application and 

once daily to four times a day. Twice a day was the most commonly prescribed frequency of 

application.  

 

Appropriateness of treatment for SSTIs 

Table 10 presents the overall appropriateness of treatment for SSTIs. Inappropriate 

therapy resulting in ineffective treatment was far more common in SSTIs due to MRSA16. 

Overall appropriateness was judged based on the appropriateness of the choice of antibiotic, 

dose, duration, frequency, use of combination therapy as well as a client’s predisposing medical 

conditions by using IDSA guidelines. 

  

                                                           
16 Note that some “MRSA” cases are assumed by colonization and not with firm proof through wound culture. 
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Table 10: Overall appropriateness of treatment for SSTIs 

 

Inappropriate NOT 

resulting in ineffective 

therapy 

Appropriate 
Inappropriate resulting 

in ineffective therapy 

Unable to 

assess 

SSTIs 

(total) 
20 (14.93%) 82 (61.19%) 20 (14.93%) 12 (8.96%) 

MRSA 11 (18.64%) 30 (50.85%) 15 (25.42%) 3 (5.08%) 

N total of SSTIs = 137 

 

Table 11 shows appropriateness of the different patterns in the antibiotic utilization for 

treating SSTIs assessed based on two different guidelines. Appropriateness was assessed by 

using the FNIHB Clinical Practice Guidelines (CPG) and the Infectious Diseases Society of 

America (IDSA) Clinical Practice Guidelines (110) (Appendix A). Note that because NPs and 

MDs do not have to adhere by FNIHB CPG, judging appropriateness based on FNIHB CPG was 

often inapplicable. Appropriateness of the choice of the antibiotic prescribed, the prescribed dose 

of the antibiotic, the route and the frequency of administration, the duration of the prescription 

and the combination therapy was evaluated. Appropriateness evaluated based on IDSA 

guidelines showed that the inappropriate use in treating SSTIs was the highest in the choice of 

antibiotic (22.63%), followed by the dose of antibiotic (8.03%) and the combination therapy 

(8.03%). When appropriateness was judged based on the CPG, the highest inappropriate use in 

treating SSTIs was in the duration of the prescription (27.74%), followed by the dose of 

antibiotic (16.06%), the choice of antibiotic (14.6%) and the frequency of administration 

(14.6%). The inappropriate route of administration was low (11.68% and 0%, based on CPG and 

IDSA, respectively).  
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Table 11: Appropriateness of antibiotic utilization patterns for treating SSTIs 

 N % 

Choice of antibiotic: Appropriateness by CPG   

Not appropriate 20 14.6 

Appropriate 104 75.91 

Not applicable 13 9.49 

Choice of antibiotic: Appropriateness by IDSA   

Not appropriate 31 22.63 

Appropriate 106 77.37 

Unable to assess 0 0 

Dosing of antibiotic17: Appropriateness by CPG   

Not appropriate 20 14.60 

Appropriate 77 56.20 

Not applicable 40 29.20 

Dosing of antibiotic18: Appropriateness by IDSA   

Not appropriate 6 4.38 

Appropriate 127 92.70 

Unable to assess 4 2.92 

Duration of prescription: Appropriateness by CPG   

Not appropriate 38 27.74 

Appropriate 37 27.01 

Not applicable 61 44.53 

Missing 1 0.73 

Duration of prescription: Appropriateness by IDSA   

Not appropriate 7 5.11 

Appropriate 109 79.56 

Unable to assess 21 15.33 

                                                           
17 The “dosing” of antibiotic was calculated by combining the appropriateness rates for dose, route and frequency.  
18 The “dosing” of antibiotic was calculated by combining the appropriateness rates for dose, route and frequency. 
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Combination therapy: Appropriateness by CPG   

Not appropriate 7 5.11 

Appropriate 15 10.95 

Not applicable 115 83.94 

Combination therapy: Appropriateness by IDSA   

Not appropriate 11 8.03 

Appropriate 26 18.98 

Unable to assess 100 72.99 

  N total=137 cases of SSTI 

  

Appropriateness was also analyzed separately for SSTIs treated with cephalexin (N 

total=45) and for SSTIs treated with co-trimoxazole DS (N total=26). The appropriateness of the 

utilization patterns of cephalexin for SSTI treatment is presented in table 12 (only showing the 

appropriateness assessed based on IDSA guidelines). Although it is not shown on the table, the 

appropriateness for SSTIs treated with cephalexin assessed based on CPG guidelines showed 

similar results. For SSTIs treated with cephalexin, the proportion of inappropriate use was 

highest in the choice of antibiotic, with almost 30%. Based on the overall appropriateness of all 

cephalexin utilization for treating SSTIs, more than 20% of them was inappropriate resulting in 

ineffective therapy. 

Table 12: Appropriateness of cephalexin utilization patterns for treating SSTIs 

 N % 

Choice of antibiotic: Appropriateness by IDSA   

Not appropriate 13 28.89 

Appropriate 32 71.11 

Unable to assess 0 0 
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Dosing of antibiotic19: Appropriateness by IDSA   

Not appropriate 2 4.44 

Appropriate 43 95.56 

Unable to assess 0 0 

Duration of prescription: Appropriateness by IDSA   

Not appropriate 0 0 

Appropriate 44 97.78 

Unable to assess 1 2.22 

Combination therapy: Appropriateness by IDSA   

Not appropriate 4 8.89 

Appropriate 7 15.56 

Not applicable 34 75.56 

Overall appropriateness   

Not appropriate but not resulting in ineffective therapy 2 4.44 

Appropriate 31 68.89 

Not appropriate resulting in ineffective therapy 10 22.22 

Unable to assess 1 2.22 

Missing 1 2.22 

N total=45 

 

Table 13 shows appropriateness of co-trimoxazole DS utilization patterns in SSTIs 

assessed based on IDSA guidelines. Appropriateness assessed based on CPG showed similar 

results, but not presented in this table. As with cephalexin utilization, the inappropriate use of co-

trimoxazole was highest in the choice of antibiotic, at about 15%. However, based on the overall 

appropriateness analysis, most of the inappropriate use of co-trimoxazole DS did not result in 

                                                           
19 The “dosing” of antibiotic was calculated by combining the appropriateness rates for dose, route and frequency. 
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ineffective therapy. Only about 8% of all co-trimoxazole utilization for treating SSTIs was 

inappropriate resulting in ineffective therapy.  

Table 13: Appropriateness of co-trimoxazole DS utilization patterns for treating SSTIs 

 N % 

Choice of antibiotic: Appropriateness by IDSA   

Not appropriate 4 15.38 

Appropriate 22 84.62 

Unable to assess 0 0 

Dosing of antibiotic20: Appropriateness by IDSA   

Not appropriate 0 0 

Appropriate 24 92.31 

Unable to assess 2 7.69 

Duration of prescription: Appropriateness by IDSA   

Not appropriate 1 3.85 

Appropriate 22 84.62 

Unable to assess 3 11.54 

Combination therapy: Appropriateness by IDSA   

Not appropriate 0 0 

Appropriate 8 30.77 

Not applicable 18 69.23 

Overall appropriateness   

Not appropriate but not resulting in ineffective therapy 3 11.54 

Appropriate 18 69.23 

Not appropriate resulting in ineffective therapy 2 7.69 

Unable to assess 2 7.69 

Missing 1 3.85 

N total=26 

                                                           
20 The “dosing” of antibiotic was calculated by combining the appropriateness rates for dose, route and frequency. 
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Discussion 

 

This study was a cross-sectional survey of a representative sample of First Nations 

communities across Canada to assess the prevalence of Community-Associated Methicillin-

resistant Staphylococcus aureus (CA-MRSA) infections in the remote and northern regions. The 

rate of CA-MRSA Skin and Soft-Tissue Infections (SSTIs) and the antibiotic prescribing patterns 

and appropriateness have not been studied at the community level in Canada. Although the 

sample size is not big, we tried to portray a representative picture of the epidemiology of CA-

MRSA SSTIs in the Aboriginal communities by sampling data from 12 Aboriginal communities 

across five provinces.  

The results show that the gender distribution of SSTI patients were almost equal between 

females and males (48% vs. 52%, respectively). However, the gender distribution in the selected 

communities or the gender distribution of the patients visiting the nursing stations were not 

available for comparison. Almost 50% of the SSTI patients were aged between 18 and 30 and the 

patient population had few predisposing chronic medical conditions, although 30% of the SSTI 

patients were reported to misuse alcohol. This is consistent with other research that shows that 

the affected population tend to be young and previously healthy (25,29,49,67,84,97,111–113). 

To our knowledge, this study was the first to assess the prevalence of CA-MRSA SSTIs 

at the community level at large, especially in the Aboriginal communities where the population 

is considered to be a high-risk group for CA-MRSA infections. According to the retrospective 

chart review, the prevalence of CA-MRSA SSTIs among First Nations communities in Canada in 

2012-2013 was estimated at almost 37%.  
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Furthermore, this research shows that MRSA was found in 40.2% of all SSTI cases, and 

Methicillin-Susceptible Staphylococcus aureus (MSSA) was found in 3.7% of all SSTI cases. 

The prevalence of MRSA in SSTIs may even be higher than this number because of the etiologic 

agent remains unknown in the majority of SSTI cases (50.4%). In a recent retrospective medical 

record review by Pate et al., conducted in the United States at an urban community hospital, 

46.5% of the S. aureus isolates were MSSA and 53.5% of the S. aureus isolates were MRSA 

(113). Other studies have also showed that MRSA is now identified as the primary cause of 

SSTIs (63,114). 

In our study, only 28.6% of CA-MRSA isolates were susceptible to erythromycin, 

compared to the susceptibility of 58% found in the Northwest Ontario (91). However, 

susceptibilities to clindamycin, co-trimoxazole and tetracycline were high (90.5%, 95.2% and 

100%, respectively) and were similar to the findings of different studies: in 2011, Muileboom et 

al. found CA-MRSA susceptibility of almost 100% to clindamycin, co-trimoxazole and 

tetracycline, and CANWARD found, in 2012, CA-MRSA susceptibility of 85.4% to clindamycin 

and 100% to co-trimoxazole (91,98).  

Our findings show that the SSTIs caused by CA-MRSA in communities were mostly 

purulent infections (24.8%) and wounds (24.8%). It was not possible to identify the 

characteristics of SSTIs in the 27% of the cases from the charts. Almost 50% of all SSTI cases 

were purulent infections or wounds and this finding is comparable to the findings in previous 

research that the majority of MRSA infections manifest as mild to moderate purulent SSTIs 

(4,62,64). Furthermore, the diagnostic testing of SSTIs was fairly low at the nursing stations in 

the communities. Only 29% of SSTI cases had wound culture and susceptibility test done. This is 

a low proportion considering that almost 50% of the SSTI cases were either purulent infections 
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or wounds; in addition, 49% of the “unknown” SSTI cases were sent for wound culture and 

susceptibility test, suggesting that almost half of the “unknown” SSTI cases may have been 

purulent infections or wounds.  

The findings of this study suggest that the performance of incision and drainage (I&D) 

procedure as treatment for SSTIs in northern communities was low: only 9% of all SSTI cases 

received I&D procedure. Although only the cases with an antibiotic prescription were recorded 

in this study, it was rare to find a case of SSTI treated only with I&D procedure or wound care. 

Almost all SSTI cases requiring treatment at the nursing station have received an antibiotic 

treatment. In the present study, the clinical outcome is unknown for the majority of the cases, 

and we were unable to assess the effectiveness of I&D procedure. However, many studies have 

shown in the past that I&D is associated with positive clinical outcomes for purulent SSTIs 

(115–117) and some studies suggest that antibiotic use does not improve clinical outcomes of 

patients with uncomplicated MRSA SSTIs (75,76). 

In Aboriginal communities, cephalexin was identified as the most used antibiotic agent 

for treatment of SSTIs, which is known to be the typical choice of antibiotic for empiric 

treatment of cellulitis in northern regions (97). Co-trimoxazole was also used frequently. The 

antibiotic prescribing patterns were described in this study in terms of route, duration and 

frequency: oral administration was the most frequently seen, most frequently prescribed duration 

of treatment was 7 days and the frequency of QID (four times a day) was seen the most often. 

Data on topical antibiotic use was usually inconsistent across the regions. The appropriateness of 

antibiotic prescribing patterns were also assessed in this study: overall, about half (50.9%) of 

MRSA SSTI infections had received an appropriate treatment. The overall appropriateness was 

assessed based on IDSA guidelines. 
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In this study, we were unable to assess the correlation between the rate of SSTIs and 

some of the CA-MRSA risk factors such as overcrowding, poor housing, and sanitation, due to 

the retrospective nature of the study. However, the environmental information at the community 

level was sought, and higher rates of SSTIs were found in the communities where access to 

running water and overcrowding were a common issue for the population. It is also known that 

overcrowding and poor housing are commonly experienced by people living in northern remote 

communities. Moreover, some of the major challenges that these communities face include the 

remote location of the communities (limited access to laboratories and healthcare centres; often 

limited by no road access and unstable flight schedules dependent on the weather) which can 

lead to slow and uncertain access to tests and drugs, and compromised storage or transport of 

samples. In terms of distance between the communities and laboratory facilities, the distance can 

vary greatly depending on the region (e.g. from 50km to 400km or more). But more importantly, 

in terms of flights (as some communities are only accessible by flights), travel can take from 30 

minutes to 4-8 hours depending on distance and weather. 

The nursing stations in the First Nations communities operate either under FNIHB or 

under the First Nations themselves. The biggest difference pertaining to this study between the 

FNIHB Health Canada managed nursing stations and the Band managed nursing stations in the 

transferred communities is that the nurses at FNIHB nursing stations have to adhere to FNHIB 

CPG and the prescriptions are limited to the drugs listed in FNIHB Nursing Station Formulary; 

the Band-managed nursing stations do not have to adhere to FNIHB CPG. 

We can also think about seasonality and latitude as possible factors causing higher 

prevalence of SSTIs in these communities. In terms of this study, we were not able to capture 
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these data but in the future, it would be interesting to investigate the relationship between SSTIs 

and injuries and trauma caused by cold weather, etc.       

 

There are several limitations to this study. While this study attempted to evaluate the 

epidemiology of SSTI and the antibiotic susceptibility profiles of CA-MRSA in Aboriginal 

communities, the results may not be applicable to all First Nations communities across Canada. 

Since participation of communities was voluntary, maybe communities with higher SSTIs or 

MRSA problem were more or less likely to participate in the study. In addition to the voluntary 

selection of participating communities, British Columbia and the Maritime provinces were not 

part of the study. This project only captured the adult population as well. Because of the nature 

of the retrospective chart review, not all data was available all the time, there was no control over 

the existing data and the availability of data varied across different sites. Limitations in the data 

collection included the inconsistent microbiology available, the lack of consistent description of 

the clinical presentation in the chart as well as the lack of follow-up or the documentation of 

follow-up (thereby the lack of information on patient outcomes). Other missing information on 

the charts included the patient’s allergies (missing or not updated), patient’s current prescriptions 

(e.g. for chronic diseases) and patient’s weight and height. Performance of diagnostic tests and 

clinical outcomes of the patients were largely unknown as well. This large proportions of 

missing information may have biased the results. For example, missing information on the 

etiologic agent (only about 40% of SSTI cases were confirmed as MRSA infections21 and the 

etiologic agent remained unknown in 50% of the cases) might underestimate the prevalence of 

                                                           
21 SSTI cases were either MRSA confirmed by wound culture results or presumed to be caused by MRSA when 
patient had a history of MRSA colonization 
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MRSA in SSTIs and the true proportion might actually be higher than estimated in this study. 

The antibiotic susceptibility profiles of MSSA and MRSA were analyzed from small numbers of 

isolates because of the lack of information, thus limiting some conclusions that can be drawn 

from the antibiogram. Efforts should be put together to understand why diagnostic tests, such as 

wound swab culture and susceptibility test, are not performed very often for SSTI patients in the 

communities as to encourage and improve the diagnostic testing. Accurate picture of the MRSA 

prevalence and the susceptibility profiles are crucial to control and reduce the SSTIs in the 

communities. Currently laboratories across provinces do not have a same panel of antibiotics for 

antibiotic susceptibility tests; streamlining laboratory services to use a standard panel of 

antibiotics would be the first step to more accurate picture of MRSA susceptibility profiles in 

Canada.  

Furthermore, the antibiotic utilization patterns were only assessed in terms of the 

prescriptions. We were not able to collect information on patient antibiotic utilization patterns, 

therefore unable to comment on the adherence to the treatment of the population and to further 

link to clinical outcomes. Only a few cases of non-adherence by patients were recorded in the 

reviewed patient charts. In the future, the documentation in the patient charts of follow-up 

process when antibiotics are prescribed as well as the clinical outcomes should be improved in 

order to better measure patient outcomes.  

The sociocultural information about the patients were only captured in some of the 

patient charts (when the “well-woman health examination” form was available in the chart). 

Environmental factors such as overcrowding, adequate housing, and access to clean running 

water remained unknown for each individual case. Future studies should aim to collect more 

complete information on the environmental factors and risk factors such as access to running 
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water, crowding, housing conditions, available dental services and exposure to smoke in these 

communities because the risk factors associated with the spread of CA-MRSA in the northern 

remote communities may be different compared to factors identified in studies involving large 

urban centres where cultural, socio-economic, medical and environmental conditions are 

different (26).  
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Conclusion 

This study was one of the first community-based research to examine the epidemiology 

of Community-Associated Methicillin-resistant Staphylococcus aureus (CA-MRSA) Skin and 

Soft-Tissue Infections (SSTIs) in First Nations communities in Canada. Results of this study 

have shown different characteristics of the SSTI patients in communities, with the population 

being young and previously healthy in general. The prevalence of SSTIs and MRSA in 

communities as well as the susceptibility profiles are presented in the study. The antibiotic 

prescribing patterns and other treatment measures for SSTIs were described as well as the 

appropriateness of treatment. Overall, environmental factors such as access to running water and 

overcrowding seemed to be associated with high rates of SSTIs. The results of this study are 

useful for the better understanding of the antibiotic utilization at the primary healthcare facilities 

in the North, for improving the prevention, management and control strategies targeting CA-

MRSA infections. It was also shown in this study that diagnostic testing was underperformed in 

the majority of cases, and follow-up with patients were often undocumented or missing. There is 

currently no system to monitor the wound culture and susceptibility test results of CA-MRSA at 

the community level. Developing a surveillance system that can help with monitoring the 

epidemiology of SSTIs and the changing antibiotic susceptibility patterns in communities would 

be essential for effective management of SSTIs in the community settings. Surveillance and 

antimicrobial stewardship programs should be evaluated and implemented where possible, to 

better support clinicians at nursing stations for effective treatment of MRSA infections. Other 

tools such as point-of-care testing, standardization of use of specific antibiotic regimen, region-

specific antibiograms, and continuing education for practitioners would also be beneficial. 
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Final Conclusion 

  

Community-Associated Methicillin-resistant Staphylococcus aureus (CA-MRSA) is a 

growing problem in the remote and northern Aboriginal communities in Canada. Previous 

research have shown that CA-MRSA rates in remote communities are higher than the 

nosocomial Canadian Nosocomial Infection Surveillance Program (CNISP) rates, calculated 

from large, urban healthcare centres (39,79,80,85). Although there were some recent studies 

addressing this issue in remote communities (91,97), the prevalence of Skin and Soft -Tissue 

Infection (SSTI), CA-MRSA and the antibiotic susceptibility patterns have not been formally 

studied at the community level. This community-based study attempted to capture the local 

epidemiology of SSTIs in the selected First Nations communities, and to gather information from 

a more representative sample (nursing stations across five provinces). The major challenge that 

we encountered was the lack of information on the microbiology data due to underperformance 

of diagnostic tests and on the patient outcomes due to low number of follow-ups or 

documentation of follow-ups. This study was able to estimate the prevalence of SSTIs and 

MRSA with the available data, identify some of the SSTI patient characteristics, assess the 

antibiotic utilization for the treatment of SSTIs and the appropriateness of this utilization as well 

as the antibiotic susceptibility profiles of CA-MRSA. Due to the nature of the retrospective 

review, it was not possible to identify the risk factors associated with individual cases. However, 

we were able to see that, as identified as risk factors of CA-MRSA in the previous research 

(26,31,33,34,83,85), overcrowding and lack of running water seemed to be related to higher rates 

of SSTIs in the communities. These environmental factors as well as other social determinants of 
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health need to be considered and efforts should be put together to try to understand these factors 

to improve the management, control and prevention. 

 

 In future studies, it would be beneficial to conduct a prospective study where good 

documentation of follow-up as well as gathering more information on individual risk factors 

would be possible. Future work should also aim to include communities from all regions in 

Canada in order to best represent the epidemiology of SSTIs and the antibiotic susceptibility 

patterns in First Nations communities across Canada. It would be also beneficial to create a 

system for an up-to-date surveillance on the epidemiology of SSTIs (and other common 

infections at the community level) and the emergence of resistant organisms. Effectiveness of 

antimicrobial stewardship programs in remote communities could also be assessed. 
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Summary 

  

This study aimed to describe the local epidemiology of Skin and Soft-Tissue Infections 

(SSTIs) in the selected nursing stations in the remote and northern First Nations communities in 

Canada. Although it doesn’t include all regions, the sample was obtained from 12 different 

communities across five provinces. Some of the important findings of this study include the high 

prevalence of SSTIs and Methicillin-resistant Staphylococcus aureus (MRSA), the demographic 

characteristics of individuals with SSTIs, the antibiotic utilization patterns for SSTI treatment as 

well as the antibiotic susceptibility profiles. It was also shown that some environmental factors 

were related to higher rates of SSTIs. The study population found to be generally young with 

little predisposing morbidity. The prevalence of SSTIs was estimated at 37% and the prevalence 

of MRSA was estimated at 40%. More than half of the SSTIs were purulent infections and 

wounds. Oral antibiotics were most frequently prescribed antibiotics (between oral, topical and 

IV) and cephalexin was the most prescribed antibiotic, followed by co-trimoxazole DS. Other 

than the antibiotic treatment, around 49% of the cases had received wound care, but only 9% had 

received incision & drainage procedures. The diagnostic testing, wound swab culture and 

sensitivity test was not often performed. Only 29% of all the SSTI cases had a wound culture and 

sensitivity test done. According to the MRSA susceptibility profiles assessed in this study, most 

MRSA were susceptible to clindamycin and co-trimoxazole, but only about 29% of MRSA was 

susceptible to erythromycin. In this study we were unable to assess the individual risk factors of 

Community-Associated MRSA (CA-MRSA), but, at the community-level, overcrowding and 

lack of running water were associated with SSTIs. The residents in the three communities with 
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the highest rate of SSTI did not have access to running water. In the future, it would be important 

to monitor the prevalence of CA-MRSA and the antibiotic susceptibility at the community level. 

 

There is a great need of knowledge in CA-MRSA risk factors and challenges particular to 

northern, remote settings, especially to improve the performance of diagnostic testing and 

follow-ups. It is important to evaluate and develop different programs such as surveillance 

programs or antimicrobial stewardship programs that could improve the management, control 

and prevention of CA-MRSA infections in the remote communities. Finally, addressing the 

socio-environmental factors such as housing and access to water in coordination with different 

programs and activities are also essential to improve health, quality of care and health outcomes 

of the population. 
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Appendices 
 

Appendix A. Summary of IDSA clinical practice guidelines (FOR ADULTS) and FNIHB 

Clinical Practice Guidelines (FOR ADULTS) 

 

Soft Skin Tissue Infection (SSTI) 

IDSA Guidelines (73) 

Impetigo: Topical mupirocin tid (for patients with limited number of lesions) or oral anti-

staphylococcal or anti-streptococcal antibiotic (cloxacillin 250mg po qid, 

cephalexin 250mg po qid, erythromycin 250mg po qid (caution about resistance), 

clindamycin 300mg po tid, amoxicillin/clavulanic acid 875mg po bid, typically 

for 7 days 

Erysipelas: Penicillin V (for GAS21) 300mg po qid 

Cellulitis: Cephalexin 500mg po qid, or cloxacillin 500mg po qid (clindamycin 300-450mg 

po tid or vancomycin IV if allergy present). Duration varies by clinical severity 

and clinical response. 

Bite wounds: 1) Amoxicillin/clavulanic acid 500mg po tid or 875mg po bid 

2) Doxycycline 100mg po bid; co-trimoxazole DS 1 tab po bid; or quinolone + 

clindamycin 

NOTE: For SSTI duration of treatment vary depending on clinical judgement and response. 

Abscesses: 
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Cutaneous – Incision & Drainage (I&D) procedure is sufficient unless cellulitis 

present, abscess > than 5cm, or involving face 

  Furuncle/carbuncle – moist heat, I&D 

 

FNIHB CPG (78) 

Impetigo:   

1) Mupirocin ointment tid x 7-10 days 

2) Cloxacillin 500mg po qid x 7-10 days (for multiple infected lesions)  

3) Cephalexin 500mg po qid x 7-10 days (for multiple infected lesions)  

4) Erythromycin 1000mg divided by bid, tid, or qid x 7 to 10 days 

Erysipelas:  No specific guidelines 

Cellulitis:  

Mild cellulitis: 

1) Cephalexin 500mg po qid x 10 days 

2) Cloxacillin 500mg po qid x 10 days 

3) Azithromycin 500mg po x 1 day, then 250mg po daily x 4 days 

Moderate to severe cellulitis (only under MD direction): 

1) Cefazolin 1g iv/im q8h or Cefazolin 2g iv q24h PLUS Probenecid 1g po daily                               

2) Clindamycin 600mg iv/im q8h. Duration not specified. 
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Bite Wounds:      

1) Amoxicillin/clavulanic acid 875mg/125mg po bid x 7-10 days 

2) Cefuroxime or doxycycline (no dosage, frequency, duration specified) 

 

Abbreviations: 

od: once daily 

bid: twice daily 

tid: three times daily 

qid: four times daily 

po: per os (orally administered) 

IV: intravenously 

IM: intra-muscular 

DS: double strength  
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Appendix B. IDSA and SHEA guidelines for antimicrobial stewardship 

IDSA and SHEA Guidelines for Antimicrobial Stewardship 

 Have a multidisciplinary antimicrobial stewardship team composed of an infectious 

diseases physician, a clinical pharmacist, a clinical microbiologist, an information system 

specialist, an infection control professional, and hospital epidemiologist. 

 Collaborate with the hospital infection control and pharmacy and therapeutics committees. 

 Obtain support and collaboration from the hospital administration, medical staff 

leadership. 

 Negotiate with hospital administration to obtain authority, compensation, and expected 

outcomes for the program. 

 Have hospital administrative support to measure and track antimicrobial use on an ongoing 

basis. 

 Adopt one of the two core strategies:  

o  A: Prospective audit with intervention and feedback  

o  B: Formulary restriction and preauthorization 

 Consider following elements and prioritize as supplements:  

o  A: Education 

o   B: Guidelines and clinical pathways 

o   C: Antimicrobial cycling 

o   D: Antimicrobial order forms 

o   E: Combination therapy 

o   F: Streamlining or de-escalation of therapy 

o       G: Dose optimization 

o       H: Parenteral to oral conversion 

 Have healthcare information technology in the form of electronic medical records, 

computer physician order entry, and clinical decision support. 

 Computer-based surveillance system. 

 Engage a clinical microbiology laboratory. 

 Gather data on both process and outcome measures  
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Appendix C. Antibiotic Tracking Case Report Form 

 


