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EXECUTIVE SUMMARY 

Issue 

It is increasingly costly to treat patients who are infected with methicillin-resistant 

Staphylococcus aureus (MRSA) in Canadian hospitals. There is uncertainty about the optimal 

screening test and policy to minimize the number of adverse events effectively. A culture-based 

MRSA screening test requires overnight incubation. Rapid polymerase chain reaction (PCR) 

testing can be done on the day the specimen is received in the laboratory.  
 

Objective 

The research objectives are to evaluate the screening accuracy and clinical effectiveness of PCR 

testing compared with conventional screening tests (chromogenic agar). The clinical -

effectiveness of a screening test strategy is compared with a no-screening test strategy to 

measure the impact on clinical outcomes such as mortality or infection rate due to MRSA.  

 

Questions and Findings 

 What is the clinical effectiveness of PCR testing compared with conventional screening or 

no screening?  

Four studies compared the clinical effectiveness of PCR with chromogenic agar for MRSA 

screening in a hospital. One study compared PCR with no active surveillance. The quality of 

most studies was poor in terms of internal validity. One study compared the surgical site 

infection rates between targeted screening (the test was unspecified) and universal screening 

using PCR. The authors found a lower rate of MRSA surgical site infections with universal 

screening (0.0 per 100 procedures) compared with targeted screening of high-risk patients (0.3 

per 100 procedures).  

 

 What is the clinical effectiveness of PCR testing compared with any screening test strategy 

or no screening test strategy in a hospital?  

One study reported a decrease in the prevalence density of MRSA infection and bacteremia 

(number of infections or bacteremia cases per 10,000 patient-days) when PCR was used in 

a universal screening program compared with no screening. No screening and universal 

screening occurred during different phases in approximately three years. This study design 

may lead to biases. Therefore, the results are to be interpreted with caution.  

 

 What is the clinical effectiveness of PCR testing compared with conventional screening for 

identifying MRSA in hospitalized patients?  

The findings indicate lower MRSA colonization and acquisition, infection, and 

transmission rates when PCR is used compared with chromogenic agar. The 95% 

confidence intervals were wide in some instances, suggesting poor precision in the clinical 

outcomes and rendering such findings inconclusive. Studies that measured the median 

turnaround reported a lower turnaround time for screening test results with PCR. One study 

also reported a lower number of unnecessary isolation days when PCR is used compared 

with chromogenic agar. The proportion of patients who were isolated was similar in both 

groups.  
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 How does the accuracy of PCR screening compare with conventional screening for 

identifying MRSA among hospitalized patients?  

Ten studies examined MRSA screening accuracy when PCR is used among hospitalized 

patients. When chromogenic agar is the reference standard, the sensitivity and specificity of 

PCR for nose and other site specimens were 95.68% and 95.82% respectively. The sensitivity 

of PCR varied little (less than 1%) when only nose specimens were tested. Also, the specificity 

decreased by approximately 2%. Because there were methodological deficiencies in the 

selected studies, the results are to be interpreted with care.  

 

 Are there potential differences in the use of PCR testing for the detection of community-

acquired MRSA (CA-MRSA) compared with hospital-acquired (HA-MRSA)?  

 What is the clinical effectiveness of PCR testing compared with conventional screening for 

CA-MRSA?  

No studies that measured the clinical effectiveness of PCR for CA-MRSA were identified.  

 How does the screening accuracy of PCR testing compare with conventional screening for 

CA-MRSA?  

One study compared the screening accuracy of PCR with chromogenic agar for CA-

MRSA. The sensitivity and specificity of PCR compared with chromogenic agar were 

lower compared with those for HA-MRSA.  

 

 What Canadian and international guidelines exist regarding routine MRSA testing 

among hospitalized patients?   

Five Canadian and nine international guidelines focused on MRSA screening among 

hospitalized patients. The recommendations centred on timing of screening, patient populations 

to be tested, and site of swab sampling. Although several guidelines listed the available 

screening tests for MRSA, none recommended a test. The quality of the guidelines varied 

according to the scores that were calculated using the Appraisal of Guidelines for Research and 

Evaluation (AGREE) Instrument.  

 

 What are the ethical issues of screening for MRSA among hospitalized patients?  

Screening involves a trade-off between doing good and not doing harm. The results may 

compromise privacy and confidentiality. Other ethical issues to consider are justice and equity. 

 

Conclusions 

MRSA screening resulted in lower MRSA colonization, infection, and transmission rates using 

PCR compared with chromogenic agar, but the results were imprecise in some instances due to the 

wide 95% confidence intervals. The turnaround time and number of isolation days were lower for 

PCR. BD GeneOhm MRSA and Xpert MRSA tests showed high accuracy rates compared with 

chromogenic agar. The false-positive rates with PCR may lead to unnecessary isolation for 

patients. The results in the clinical review are to be interpreted with caution according to the 

limitations of study validity. Furthermore, given the number of studies (15), gaps remain in the 

published literature, and evidence remains inconclusive. Canadian and international guidelines 

recommend using MRSA screening in hospitals that targets high-risk patient populations. Several 

individual and societal ethical issues require consideration by health care institutions that conduct 

MRSA screening.  
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ABBREVIATIONS 

AGREE Appraisal of Guidelines for Research and Evaluation 

CA-MRSA community-acquired methicillin-resistant Staphylococcus aureus 

CI confidence interval 

CrI   credible interval 

FPR false-positive rates 

HA-MRSA hospital-acquired methicillin-resistant Staphylococcus aureus 

HTA health technology assessment 

ICU intensive care unit 

IQR interquartile range 

MRSA methicillin-resistant Staphylococcus aureus 

NHS National Health Service 

NPV negative predictive value 

PCR polymerase chain reaction 

PPV positive predictive value 

QUADAS Quality Assessment of Diagnostic Accuracy Studies 

SROC summary receiver operating characteristic 

TPR true-positive rate 
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DEFINITIONS 

The following definitions are taken from the Clinical Evidence glossary published by the BMJ 

Publishing Group Limited
1
 and from Medline Plus

2
: 

 

Colonize
2
: To become established in a habitat (as a host or a wound). 

 

Isolation
2
: A segregation of a group of organisms from related forms in such a manner as to 

prevent crossing. 

 

Infection
2
: An infective agent or material contaminated with an infective agent.  

 

Negative likelihood ratio
1
: The ratio of the probability that an individual with the target 

condition has a negative test result to the probability that an individual without the target 

condition has a negative test result. This is the same as the ratio [(1-sensitivity)/specificity]. 

 

Negative predictive value
1
: The chance of not having a disease given a negative test result. 

 

Positive likelihood ratio
1
: The ratio of the probability that an individual with the target condition 

has a positive test result to the probability that an individual without the target condition has a 

positive test result. This is the same as the ratio [sensitivity/(1-specificity)]. 

 

Positive predictive value
1
: The chance of having a disease given a positive test result. 

 

Sensitivity
1
: The chance of having a positive test result given that you have a disease. 

 

Specificity
1
: The chance of having a negative test result given that you do not have a disease.  
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1 INTRODUCTION 

1.1 Background 

Methicillin-resistant Staphylococcus aureus (MRSA) are strains of bacteria that are resistant to 

multiple classes of antibiotics. In hospitals, transmission occurs from an infected or colonized 

individual to others, mainly from the hands of transiently colonized health care workers.
3
 

Colonization is the presence, growth, and multiplication of the organism in one or more 

anatomical sites without observable clinical symptoms or immune reaction.
4
  

 

MRSA strains have been associated with many infection sites, including bones and joints, lungs, 

and the urinary tract.
5
 MRSA is most often associated with recurrent and severe skin and soft 

tissue infections, including necrotizing fasciitis.
5
 Bacteremia is common, possibly leading to 

endocarditis and osteomyelitis.
5
 MRSA may be classified into two types based on genetic 

characteristics and the setting where the bacteria are found: hospital-acquired MRSA (HA-

MRSA) and community-acquired MRSA (CA-MRSA).
6
 HA-MRSA strains are typically 

resistant to antimicrobials other than β-lactams. CA-MRSA strains are more susceptible to non-

β-lactam antibiotics.
7
 β-lactam is “any of a large class of natural and semisynthetic antibiotics 

(such as the penicillins and cephalosporins) with a lactam ring.”
8
 HA-MRSA is mainly 

associated with hospitalized patients and health care workers. CA-MRSA was previously linked 

to marginalized individuals and individuals in groups with close contact (for example, sports 

team members). Bacterial strains have now moved to the general population and into health care 

facilities in several countries, including Canada.
7
 The demarcation between CA-MRSA and HA-

MRSA strains is less clear, as CA-MRSA strains are circulating in health care facilities, and HA-

MRSA strains are being found in the community.
9
  

 

The incidence of MRSA infection and colonization in Canadian hospitals has been steadily rising 

from 0.46 cases to 5.10 cases per 1,000 admissions from 1995 to 2003.
10

 In 2007, the incidence 

of MRSA in 47 sentinel, geographically dispersed Canadian hospitals participating in the 

Canadian Nosocomial Infection Surveillance Program was 8.62 cases (2.57 infection and 5.87 

colonization) per 1,000 patient admissions and 11.63 cases (3.47 infection and 7.92 colonization) 

per 10,000 patient-days.
11

 In 2007, among the 5,955 newly identified MRSA cases, 3,147 cases 

(62%) were health care-associated with Canadian Nosocomial Infection Surveillance Program 

hospitals, 541 cases (9%) were health care-associated with other acute care hospitals, and 413 

cases (7%) were health care-associated with long-term care facilities.
11

 CA-MRSA was the 

explanation for 1,227 cases (21%), and the explanation for the remaining 524 cases (9%) 

remained unknown.
11

  

 

Based on the overall MRSA incidence rate (8.62 per 1,000 patient admissions) in 2007, and 

given that there were 2.8 million inpatient admissions to Canadian hospitals during 2006 and 

2007,
12

 there are approximately 24,000 infected and colonized cases of MRSA annually. Topical 

antibiotics, such as mupirocin, are often used to treat superficial MRSA infections and as part of 

regimens to decolonize asymptomatic patients.
6
 Decolonization is the treatment of patients who 

are colonized with MRSA to remove carriage of the organism.
13

 More severe MRSA infections 

may require treatment with other antibiotics, such as clindamycin, a tetracycline, and 

trimethoprim-sulfamethoxazole, if the strain is susceptible to them. Vancomycin, which is used 
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for more invasive infections, is administered parenterally. Its use is less than ideal because of 

concerns about the development of resistance and potential patient side effects, and because 

some experts suggest that it is inferior to β-lactam antibiotics in treating serious methicillin-

susceptible S. aureus infections.
14

 Furthermore, monitoring of the antibiotic levels in the blood 

and renal function may be indicated in certain patients who are receiving vancomycin.
14

 

Alternative therapies may include tigecycline and daptomycin (both licensed in Canada).
15

 The 

underlying conditions (for example, burns) must also be managed if the MRSA infection is 

serious.
6
  

 

The economic burden of MRSA in Canadian hospitals during the late 1990s was estimated to be 

C$42 million to C$59 million annually (approximately C$52 million to C$73 million in 2008), 

assuming 4.12 MRSA cases per 1,000 admissions and an infection rate of 10% to 20%.
16

 In 

1999, the mean cost to treat an MRSA infection was C$14,360 per patient (approximately 

C$17,780 per patient in 2008). The mean cost of the isolation and management of colonized 

patients was C$1,363 per admission (approximately C$1,690 per admission in 2008), and the 

mean laboratory and nursing costs to process one MRSA specimen using conventional methods 

was C$8.34 (approximately C$10.33 in 2008).
16 

 

 

Screening is a component of an MRSA infection-control program. The prevention of MRSA 

transmission includes measures such as hand hygiene, use of disinfectants, use of topical 

antibiotics (for example, mupirocin), and use of isolation procedures (consisting of the use of one 

room and the use of gowns and gloves with or without masks during all patient contact). 

Decolonization regimens for patients with MRSA in their nares include topical mupirocin alone 

or in combination with orally administered drugs (for example, rifampin in combination with 

trimethoprim-sulfamethoxazole or ciprofloxacin) and antimicrobial soap for bathing. 

Decolonization treatments are usually limited to MRSA outbreaks or settings with a high 

prevalence.
13

 It usually takes 24 hours to determine the results of culture-based methods to detect 

MRSA. Additional time may be needed for the confirmation of positive results.  

 

1.2 Overview of Technology  

The polymerase chain reaction (PCR) is a molecular technique in which enzymatic replication is 

used to amplify a short sequence of DNA.
17

 Amplification of selected sections of DNA can more 

rapidly (up to five hours) detect the presence of MRSA compared with cultured-based methods, 

which can take one to two days.
18

 PCR is a three-step process that includes procedures for 

extraction, amplification (thermocycling), and detection of amplified product.
19

  

 

The most widely used approach for MRSA screening uses real-time PCR technology: “an 

automated rapid thermocycling process that incorporates amplification and detection in a single 

procedure inside a closed reaction vessel” to quantify MRSA-specific DNA.
19

 PCR is used to 

identify the mecA gene, a determinant of the methicillin resistance of S. aureus bacteria.
19

 In 

Canada, two automated commercially available PCR systems are approved for the detection of 

MRSA: BD GeneOhm MRSA and Xpert MRSA (Table 1). BD GeneOhm MRSA assay and 

Xpert MRSA Assay are qualitative in vitro diagnostic tests that are designed for the direct 

detection of MRSA nasal colonization.
20,21

 In the US, many PCR tests for MRSA are pending 

Food and Drug Administration approval or are being developed.
6
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Table 1: Polymerase Chain Reaction Tests Available in Canada 

Device  Molecular 
Sequence 
Detected 

Manufacturer  License  First Issue Date 

BD GeneOhm 

MRSA
22

 

Staphylococcal 

chromosome 

cassette mec 

BD Diagnostics 

(formerly IDI-

MRSA) 

BD 

GeneOhm 

MRSA 

2006-11-27 

Genexpert Dx 

System — Xpert 

MRSA Assay
23

 

Staphylococcal 

chromosome 

cassette mec 

Cepheid  Genexpert 

Dx System 

2008-01-24 

 

1.3 Comparator 

The performance of PCR for MRSA screening was compared with that of chromogenic agar. 

Chromogenic agar is a selective medium that is used to identify MRSA. Microorganisms can be 

established from direct plating within 24 hours. The performance of the chromogenic agar 

depends on factors such as the incorporation of colourless chromogenic substrate, the ability to 

support bacterium growth, the effective inhibition of competing bacterial flora, user-friendliness 

(for example, ease of detecting coloured colony), and ideal culture sites.
21

 Other culture-based 

methods for MRSA screening include selective (for example, oxacillin-containing agar) and 

differential (for example, mannitol-salt agar) media. The comparator in this assessment was 

chromogenic agar. 

 

  

2 THE ISSUE 

Rising morbidity and mortality rates and the costs of reducing the transmission rate of MRSA are 

increasing problems in Canadian hospitals. There is uncertainty about the optimal screening test 

and policies that could be used to minimize transmission effectively. The use of culture-based 

methods may not permit the same-day reporting of results. PCR can be used to quickly identify 

MRSA-colonized patients if testing is offered in the evenings and on weekends and when 

laboratories have adequate resources to avoid extensive batching.  

 

 

3 OBJECTIVES 

The research objectives were to evaluate the screening accuracy and clinical effectiveness of 

PCR testing compared with conventional screening (chromogenic agar). The clinical 

effectiveness of a screening test strategy was also compared with a no-screening test strategy to 

measure the impact of certain clinical outcomes, such as mortality or infection rate due to 

MRSA.  
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The objectives were achieved by addressing seven primary questions:  

 

 What is the clinical effectiveness of PCR testing compared with conventional screening 

or no screening?  

 What is the clinical effectiveness of PCR testing compared with any screening test 

strategy (for example, universal or targeted) or no screening test strategy in a hospital?  

 What is the clinical effectiveness of PCR testing compared with conventional screening 

for identifying MRSA colonization among hospitalized patients?  

 

 How does the screening test accuracy of PCR testing compare with conventional 

screening for identifying MRSA colonization among hospitalized patients?  

 

 Are there potential differences in the use of PCR testing for the detection of CA-MRSA 

compared with HA-MRSA?  

 What is the clinical effectiveness of PCR testing compared with any screening test 

strategy or no screening test strategy in a hospital for CA-MRSA?  

 What is the clinical effectiveness of PCR testing compared with conventional screening 

for CA-MRSA?  

 How does the screening test accuracy of PCR testing compare with conventional 

screening for CA-MRSA?  

 

 What Canadian and international guidelines exist regarding routine MRSA screening 

among hospitalized patients?  

 

 What are the ethical issues associated with MRSA screening among hospitalized 

patients?  

 
 

4 CLINICAL REVIEW 

4.1 Methods 

A protocol for the systematic review was written before the research was conducted and was 

followed throughout the review.  
 

4.1.1 Literature search strategy 

Peer-reviewed literature searches were conducted. All search strategies were developed by the 

information specialist with input from the project team.  

 

The following bibliographic databases were searched through the OvidSP interface: Medline, 

Medline In-Process & Other Non-Indexed Citations, Embase, BIOSIS Previews, and CINAHL. 

Parallel searches were run in PubMed and The Cochrane Library. The search strategy comprised 

controlled vocabulary, such as the National Library of Medicine’s MeSH (Medical Subject 

Headings), and keywords. The main search concepts were methicillin (also spelled “meticillin”)-

resistant S. aureus, and PCR techniques. No methodological filters were applied. An additional 
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search for guidelines included concepts for MRSA and diagnosis or screening. The detailed 

search strategies appear in Appendix 1.  

 

Searches were restricted to articles published from January 1, 1993 onward to focus on current 

PCR techniques, including real-time PCR, which was developed in the mid-1990s.
24

 Where 

possible, retrieval was limited to the human population. Alerts were established to update the 

search until January 1, 2012. Regular search updates were performed on databases that do not 

provide alert services. See Appendix 1 for the detailed search strategies. 

 

Grey literature (literature that is not commercially published) was identified by searching the 

Grey Matters checklist (http://www.cadth.ca/index.php/en/cadth/products/grey-matters), which 

includes the websites of regulatory agencies, health technology assessment agencies, clinical 

guideline repositories and professional associations. Google and other Internet search engines 

were used to search for additional web-based materials. These searches were supplemented by 

reviewing the bibliographies of key papers and through contacts with appropriate experts and 

industry. See Appendix 1 for more information on the grey literature search strategy. 

 

4.2 Clinical Effectiveness 

4.2.1 Selection criteria and method 

a)  Selection criteria 

Study design: Any study design with at least one comparator.  

 

Populations: Adult hospitalized patients and pediatric hospitalized patients.  

 

Intervention: Screening test strategy with enriched commercially available PCR assays or with 

non-enriched commercially available PCR assays.  

 

Comparators:  
 Screening test strategy using at least one of the following:  

 Specimens from nose, groin, and other sites, screened using chromogenic agar 

 Specimens from nose, groin, and other sites, screened using chromogenic agar and broth 

enrichment 

 One specimen screened using chromogenic agar  

 One specimen screened using chromogenic agar and broth enrichment 

 No screening test strategy. 

 

Outcomes:  
 Primary outcomes include MRSA colonization rate, mortality rate, and bacteremia and other 

infection rates (for example, wound, surgical site) caused by MRSA.  

 Secondary outcomes include MRSA transmission rate, MRSA carriage, incidence of MRSA 

colonization or infection, number and size of outbreaks of MRSA colonization and infection, 

and average time from hospital admission to the development of MRSA infection.  

 

http://www.cadth.ca/index.php/en/cadth/products/grey-matters
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b)  Selection method 

Two reviewers (JP and SC) independently screened the titles and abstracts of all citations that 

were retrieved during the literature search and ordered the full text of articles that met the 

selection criteria. The reviewers then independently reviewed the full text of selected articles, 

applied the selection criteria, and compared the included or excluded studies. Disagreements 

were resolved through discussion until consensus was reached. Studies that were published in 

languages other than English or French and that satisfied the inclusion criteria were translated 

only if the abstract indicated that the outcomes would likely have an impact on the findings in 

the HTA report. Duplicate publications of the same trial were excluded.  

 

4.2.2 Data extraction strategy 

A data extraction form was designed before the research was conducted to tabulate all relevant 

characteristics and outcomes of selected studies measuring the clinical effectiveness of MRSA 

screening (Appendix 2). Some data that were extracted included reference test; anatomical site of 

swab; hospital ward(s) where the study was conducted; MRSA colonization, infection, and 

transmission rates; and turnaround times. Data were extracted independently by two reviewers 

(JP and SC) and any disagreements were resolved through discussion until consensus was 

reached.  

 

4.2.3 Strategy for quality assessment 

The quality of randomized and non-randomized studies measuring the clinical effectiveness of 

MRSA screening was independently assessed by two reviewers (JP and SC) who used a 

modified checklist by Downs and Black (Appendix 7).
25

 Any disagreements were resolved 

through discussion until consensus was reached. A calibration exercise was undertaken before 

the quality assessment of studies to ensure consistency in assessing and scoring.  

 

4.2.4 Data analysis methods 

Because of variation in the control arms, study design, and reporting of clinical outcomes in each 

study, a formal meta-analysis was not performed. Instead, the studies were described 

individually.  

 

4.3 Results 

4.3.1 Quantity of research available 

During the literature search, 2,108 citations were identified. No potentially relevant articles were 

identified from the grey literature search. A total of 290 potentially relevant articles were 

retrieved. Six studies were selected for inclusion in the clinical effectiveness review. Appendix 3 

shows the QUOROM flowchart of the included studies in the clinical review. The excluded 

clinical studies appear in Appendix 4.  

a) Study characteristics 

The study characteristics appear in Appendix 5, and the study findings appear in Appendix 6.  
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Index and reference tests 

Pofhal et al. evaluated the impact of best practices and universal screening surveillance for 

MRSA based on the use of BD GeneOhm MRSA on surgical site infections compared with 

targeted screening surveillance (screening for high-risk patients, such as those who were 

transferred from nursing homes, home health care patients, patients undergoing dialysis, those 

transferred from other acute care facilities, and those who were previously culture-positive for 

MRSA).
26

 The test method for targeted screening was unspecified. Robicsek et al. compared the 

effects of universal surveillance of all hospitalized patients on entry to a ward using BD 

GeneOhm MRSA (formerly IDI-MRSA) with no active surveillance and with targeted 

surveillance for all intensive care unit (ICU) admissions using an in-house screening method.
27

 

Jeyaratnam et al. examined the impact of the introduction of BD GeneOhm MRSA on MRSA 

acquisition compared with chromogenic agar (MRSA Chromagar, Oxoid, Basingstole, UK) and 

broth enrichment.
28

 Only chromogenic agar was used by the control arm in the study. In the 

intervention arm, two samples were obtained at admission, one for PCR and the other for 

chromogenic agar.
28

 Aldeyab et al. compared the use of BD GeneOhm MRSA with a 

chromogenic agar (MRSA ID) for the detection of MRSA colonization and measured its impact 

on the incidence of MRSA.
29

 Jog et al.
30

 measured the effect of MRSA screening when BD 

GeneOhm MRSA or selective chromogenic agar was used by patients who were admitted to 

cardiac surgery. Hardy et al.
31

 compared the acquisition rate when BD GeneOhm or MRSA ID 

(Biomerieux, Marcy, l’Étoile, France) was used by patients who were admitted to a study ward 

for more than 24 hours. All studies followed the manufacturer’s instructions for PCR, so the 

clinical effectiveness of enriched-PCR was not measured.  

 

Study setting 

All studies were conducted in a hospital.  

 

Patient population  

Jeyaratnam et al. included patients from six surgical wards, two elderly care wards, and two 

oncology wards.
28

 Aldeyab et al. conducted a study in two medical-cardiology wards and two 

surgical wards.
29

 Jog et al. included patients in a cardiac surgery unit.
30

 Hardy et al. conducted a 

study in seven surgical wards, including general surgery (two); thoracic (one); ear, nose, and 

throat (one); trauma and orthopedic (two); and urology (one).
31

 Pofhal et al. conducted 

surveillance among patients undergoing cardiac, vascular, orthopedic (joint replacement), 

colorectal, and gynecologic (hysterectomy) surgery.
26

 

 

Anatomical site of swab  

Four studies examined nasal specimens only.
26,27,30,31

 Swabs were taken from the nares, axillae, 

and groin in two trials.
28,29

 Specimens were collected from the throat in one study and used with 

the culture method only.
29

 Jeyaratnam et al. also took swabs at hospital discharge, processed 

them using the culture method, and compared them with the admission results.
28

 Patients were 

screened for MRSA on admission and at discharge in Aldeyab et al.’s study.
29

  

 

4.3.2 Quality assessment 

The results of the quality assessment appear in Appendix 7. Overall, the quality of the clinical 

effectiveness studies was mixed. The assessment indicated that the weakest area was internal 

validity related to confounding. It was unclear whether patients were randomized to be in the 
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intervention or control arms
29

 and if potential confounders were investigated,
27,29

 and there was a 

lack of reporting about patients who were lost to follow-up.
27,29

 In Robicsek et al.’s and  

Pofhal et al.’s studies, the intervention and control groups were studied during different phases in 

approximately three years to seven years. This study design may lead to potential biases because 

of factors that are related to investigator knowledge (the investigator is not blinded about the 

outcome variable), timing (interventions at different phases over a long period may lead to 

changes in behaviour), and proficiency (different resources or procedures may be used at 

different times) that may affect the estimated comparisons of the outcomes.
27

 One study met the 

criteria for internal validity.
28

 Patients were randomized, and there were adjustments for 

confounding. These adjustments included standard errors for correlation in wards. A restricted 

primary outcome analysis was also conducted where all patients with any MRSA culture-positive 

specimen within three months before admission, and those with MRSA-positive discharge 

screens taken within 48 hours of negative admission swab were excluded. Patients who were 

MRSA-positive on admission and those lost to follow-up were included in resource analysis.  

Jog et al.’s study
30

 was assessed using the Quality Assessment of Diagnostic Accuracy Studies 

(QUADAS) tool because the primary objective was to compare the screening test accuracy 

between BD GeneOhm MRSA and chromogenic agar. The quality assessment results appear in 

Appendix 10.  

 

4.3.3 Data analyses and synthesis 

There are clinical findings that are associated with MRSA colonization, infection and 

transmissions rates, turnaround times, and isolation days for PCR (BD GeneOhm MRSA) 

compared with chromogenic agar.  

 
a) MRSA colonization and acquisition 

Hardy et al. measured the acquisition rate as the ratio of the number of patients acquiring MRSA 

in one study ward to the number of MRSA-positive patients on admission. Analyses were 

conducted with patient ward episodes (PWEs) (each separate ward admission for the same 

patient was included).
31

 The results indicate that 187 PWEs (2.8%) in the chromogenic agar arm 

were positive on admission compared with 266 PWEs (4.4%) in the PCR arm. MRSA was 

acquired during 157 PWEs (2.4%) in the chromogenic agar arm compared with 111 PWEs 

(1.9%) in the PCR arm.
31

 A log-linear Poisson regression model was conducted to measure the 

MRSA acquisition rate during a ward stay after adjusting for other variables in the model.
31

 The 

results showed that patients on the ward in the chromogenic agar arm were 1.49 times more 

likely to acquire MRSA compared with those in the PCR arm (rate ratio 1.49; 95% confidence 

interval [CI] 1.115 to 2.003). The study also found the MRSA incidence rates per 100 bed-days 

to be 0.410 for chromogenic agar compared with 0.286 for PCR (unable to calculate 95% CI 

based on data that were reported in the study).
31

  

 

Aldeyab et al. reported the incidence of MRSA for patients in the surgical ward to be 20.0 per 

1,000 bed-days using PCR and 22.1 per 1,000 bed-days using chromogenic agar (MRSA-ID) 

(unable to calculate 95% CI based on data that were reported in the study).
29

 The difference was 

more pronounced in the medical-cardiology ward (11.8 per 1,000 bed-days using PCR and 

20.3 per 1,000 bed-days using chromogenic agar). We were unable to calculate 95% CI based on 

the data that were reported in the study.
29

 In the surgical ward, the average number of observed 

monthly cases of MRSA on admission per 100 patient-admissions was 6.8 (range 3.6 to 15) 
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using PCR and 7.3 (range 5.4 to 9.3) using chromogenic agar. The average number of observed 

monthly cases of MRSA on admission per 100 patient-admissions was 9.0 (range 3.3 to 12.2) 

using PCR and 7.3 (range 6.1 to 9.8) using chromogenic agar in the medical-cardiology ward.
29

  

 

Jeyaratnam et al. found 99 patients with MRSA (2.8%) (95% CI 2.26 to 3.34) using PCR and 

108 patients (3.2%) (95% CI 2.6 to 3.79) using chromogenic agar.
28

 The MRSA acquisition rate 

per 1,000 patient-days at risk was 4.4 using PCR and 4.9 using chromogenic agar (incidence rate 

ratio 0.90; 95% CI 0.69 to 1.2).
28

 When the MRSA acquisition rate was adjusted using 

generalized estimating equation regression for predefined confounders (age, sex, American 

Society of Anesthesiology score, ward type, and length of stay on the study ward), the results 

remained unchanged (adjusted odds ratio 0.91; 95% CI 0.61 to 1.34).
28

  

 
b) MRSA infection 

Pofhal et al. found a decrease in the rate of MRSA surgical site infection from 0.23 per 

100 procedures to 0.09 per 100 procedures after universal screening was established, especially 

among patients undergoing orthopedic surgery (no screening: 0.3 MRSA surgical site infections 

per 100 procedures compared with universal screening: 0 per 100 procedures).
26

 The study also 

reported a decrease in the proportion of MRSA surgical site infections from 11.6% (numerator 

and denominator not reported) in the targeted screening group compared with 7.1% in the 

universal screening group.
26

  

 

Robiscek et al. reported the aggregate prevalence density of MRSA infection per 10,000 patient-

days to be 8.9 (95% CI 7.6 to 10.4) at baseline (the absolute change between baseline [no 

screening] and universal surveillance with PCR was −5.0 infections per 10,000 patient-days 

[95% CI −6.6 to −3.5]).
27

 In a segmented Poisson regression model, the change from baseline to 

universal surveillance was −69.6% (95% CI −89.2% to −19.6%).
27

 A Poisson regression model 

is an analysis that is used when the dependent variable is a count of events (for example, number 

of infections per 10,000 patient-days). The regression analysis was stratified by hospital to 

reduce the risk of confounding. The study also found a decrease in the prevalence density of 

MRSA bacteremia from baseline to universal surveillance (absolute reduction 1.1 per 

10,000 patient-days; 95% CI −1.9 to −0.2).
27

  

 

Jeyaratnam et al. found 21 patients with MRSA wound infections using PCR and 22 using 

chromogenic agar (odds ratio 0.91; 95% CI 0.48 to 1.7).
28

 In this study, one MRSA bacteremia case 

was found using PCR and two found using chromogenic agar (odds ratio 0.49; 95% CI 0.01 to 9.1). 

 

Jog et al. found a difference in the surgical site infection rate between the 12-month period before 

MRSA screening and the 12-month period after the introduction of MRSA screening (3.30% 

compared with 2.22%; unable to calculate 95% CI based on the data that were reported in the 

study).
30

 The authors detected a difference between the before-screening and the after-screening 

groups in the reduction rate of MRSA infection that was independent of underlying risk factors, 

such as duration of surgery and post-discharge surveillance of surgical site infections (1.15% 

compared with 0.26%; relative risk reduction 0.77; 95% CI 0.056 to 0.95).
30

  

 
c) MRSA transmission 

Jeyaratnam et al. reported the transmission rate of MRSA to be 0.33 using PCR and 0.36 using 

chromogenic agar (incidence rate ratio 0.85; 95% CI 0.64 to 1.12).
28
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d) Turnaround time from admission to results telephoned  

Hardy et al. found the mean time for reporting positive test results to be 3.3 days for 

chromogenic agar compared with 0.9 days for PCR (unable to calculate 95% CI based on the 

data that were reported in the study).
31

  

 

Aldeyab et al. found a lower median interval from admission to reporting screening results using 

PCR compared with chromogenic agar in the surgical ward (PCR 19.3 hours [interquartile range 

(IQR) 13.8 to 23] compared with chromogenic agar 51.8 hours [IQR 44.4 to 69]).
29

 The study 

also found a lower median interval using PCR (22.7 hours [IQR 19.8 to 23.8]) compared with 

chromogenic agar (42.2 hours [IQR 40.3 to 69.9]) in the medical-cardiology ward.
29

  

 

Jeyaratnam et al. reported the median turnaround time from admission to reporting screening 

results to be 21.8 hours (IQR 17.9 to 25.4) using PCR and 46.4 hours (IQR 39.1 to 66.1) using 

chromogenic agar.
28

  

 
e) Isolation days 

According to Jeyaratnam et al., the number of inappropriately isolated days (patients took pre-

emptive MRSA precautions but were not MRSA-positive on admission) was 277 for PCR and 

399 for chromogenic agar (unable to calculate 95% CI based on the data that were reported in the 

study). The proportion of patients who were pre-emptively isolated was similar between the 

comparison arms (5% compared with 4.7%; numerator and denominator of each arm not 

reported).
28

 The number of inappropriate open days (patients did not take precautions and were 

MRSA-positive on admission) was 351 for PCR and 389 for chromogenic agar (unable to 

calculate 95% CI based on the data that were reported in the study).
28

 A higher number of 

inappropriate open days between the control arm (chromogenic agar only) and the intervention 

arm (chromogenic agar and PCR) (389 versus 213) was reported. We were unable to calculate 

95% CI based on the data that were reported in the study.
28

  

 

4.4 Screening Test Accuracy 

4.4.1 Selection criteria and method 

a)  Selection criteria 

 

Study design: Any study design with at least one comparator.  

 

Populations: Adult hospitalized patients and pediatric hospitalized patients.  

 

Intervention: Broth-enriched commercially available PCR or non-enriched commercially 

available PCR.  

Comparators: 

Cultured-based methods: 

 Specimens from nose, groin, and other sites, screened using chromogenic agar 

 Specimens from nose, groin, and other sites, screened using chromogenic agar and broth 

enrichment 

 One specimen screened using chromogenic agar  

 One specimen screened using chromogenic agar and broth enrichment. 
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Outcomes: Sensitivity, specificity, positive predictive value (PPV), negative predictive value 

(NPV), likelihood ratio, diagnostic odds ratio. 
 
b)   Selection method 

The selection method is similar to the one used for the clinical effectiveness results.  

 

4.4.2 Data extraction strategy 

A data extraction form was designed before the research was conducted and used to tabulate all 

relevant study characteristics and outcomes in the studies measuring screening test accuracy 

(Appendix 8). Some data that were extracted included index and reference tests, anatomical site 

of swab, hospital ward(s) where study was conducted, and performance characteristics (for 

example, sensitivity and specificity) of index test.  

There is no equivalent of the funnel plot (plots of effect size compared with sample size) to 

investigate publication bias in screening accuracy test studies.
32

 Consideration was given to 

study design and patient clinical characteristics. The absence of publication bias was represented 

by a symmetric funnel with smaller studies scattered at the bottom and larger studies toward the 

tip, forming a funnel shape. An asymmetric funnel plot suggests bias, but does not confirm it.
32

  

 

4.4.3 Strategy for quality assessment 

The quality assessments of included studies on screening test accuracy were independently 

evaluated by two reviewers (JP and SC) using the modified QUADAS tool (Appendix 8).
33

 The 

QUADAS tool includes the following questions: Does it measure what it aims to measure? How 

well does it do this? Are the results reproducible between different observers?
33

 Any 

disagreements between the reviewers were resolved through discussion until consensus was 

reached. A calibration exercise was undertaken before the quality assessment of studies to ensure 

consistency in assessing and scoring.  

 

4.4.4 Data analysis methods 

Before the quantitative pooling of study-specific results, the homogeneity of the clinical and 

methodological characteristics of included studies was evaluated. The degree of variability 

between results for studies evaluating the screening test accuracy was presented using forest 

plots of the true-positive rate (TPR) and false-positive rate (FPR) of each selected study. The 

TPR and FPR from each study were presented in a summary receiver operating characteristic 

(SROC), where a point on the SROC curve represents the TPR and FPR of one study for a 

specific threshold. A threshold effect is the use of different cut-off points to define a positive and 

a negative test result.
34

 TPR represents the probability of a positive test result given that the 

patient is known to have MRSA colonization, and FPR is the probability of a positive test result 

given that the patient does not have MRSA colonization. In this study, the SROC curve 

represents the ability of PCR to distinguish between patients with MRSA colonization and those 

without MRSA colonization compared with chromogenic agar across several thresholds.  

 

Subgroup analyses were performed on the anatomical site of the swab (nasal specimen compared 

with multi-site and nasal specimens) and index test (BD GeneOhm MRSA compared with 

chromogenic agar and Xpert MRSA compared with chromogenic agar).  



Polymerase Chain Reaction Tests for Methicillin-Resistant Staphylococcus aureus  

in Hospitalized Patients: Clinical Effectiveness Analysis 

12 

a) Statistical analysis 

A common method for meta-analysis of screening accuracy tests includes an SROC, which is a 

fixed-effect model that converts each sensitivity and specificity pair into a diagnostic odds 

ratio.
35

 An extension of SROC is the hierarchical SROC, which measures heterogeneity between 

and in studies (random effects approach) but still combines the sensitivity and specificity results 

into a diagnostic odds ratio. The biviarate approach preserves the sensitivity and specificity, and 

uses a random effects approach.
35

 A bivariate random effects regression analysis was used to 

estimate the mean and median values and variances of the logit transformation of TPRs and 

FPRs, and the correlation between both parameters.
35,36

 The bivariate regression method assumes 

that the logit transformed sensitivities (TPRs) and specificities (1−FPRs) from each study are 

normally distributed around the mean, with a certain amount of variability around this mean.
35

 

Variations may be related to diverse patient populations, differences in implicit threshold, or 

subtle differences in test procedures. Any correlation between the TPR and FPR is also 

incorporated into the analysis.
35

 Studies with more precise estimates of sensitivities are given a 

higher weight in the analyses of sensitivity, and the same holds true for studies in the analyses of 

specificity.
35

 Derived measures include the positive and negative likelihood ratio, which is the 

likelihood that a given test result would be expected in a patient with MRSA compared with the 

likelihood that the same result would occur in a patient without MRSA. A Spearman rank 

correlation coefficient (ρ) between TPR and FPR was calculated. The correlation coefficient 

measures the presence of a threshold effect between the parameters.  

Bivariate random effects regression analyses were conducted using a bivariate function in R, a 

language and environment for statistical computing and graphics.
37

 Evidence synthesis was done 

using the Markov Chain Monte Carlo (MCMC) simulation method, a computational algorithm that 

generates posterior distributions of parameter estimates. MCMC draws a sample from the posterior 

distribution and makes inferences on the posterior distribution using the sample. Based on a 

Bayesian model, the posterior distributions and credible interval (CrI) estimates were measured with 

10,000 MCMC samples and non-informative priors as described by Box and Tiao.
38

 Because a non-

informative prior was used, the results were based on the data only. Therefore, various prior 

distributional assumptions were not explored. A 95% Bayesian CrI is interpreted as a 95% 

probability that the true value of the parameter (θ) lies in the associated 95% CrI.
39

  

 
b) Hierarchical model of efficacy 

Studies that measure the screening accuracy of tests were classified based on a hierarchical 

model of the efficacy of diagnostic imaging.
40

 This model is used to classify studies according to 

the level of assessment of the contribution of diagnostic imaging to patient management. The six 

levels of hierarchy were modified to increase their relevance in this report.  

 

Level 1: technical quality of the screening tests 

Level 2: screening test accuracy, sensitivity, and specificity associated with the interpretation of  

 the results 

Level 3: degree to which results influence physicians’ diagnostic thinking 

Level 4: degree to which screening test results affect patient management 

Level 5: efficacy studies that measure the degree of effect on patient management 

Level 6: analyses of societal costs and benefits of a screening test technology. 
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4.5 Results 

4.5.1 Quantity of research available 

Ten studies were selected for inclusion in the HA-MRSA screening test accuracy review.  
 
4.5.2 Study characteristics 

The study characteristics appear in Appendix 9. 

 
a)  Index and reference tests 

The index test for most included studies was BD GeneOhm MRSA (formerly IDI-MRSA). Wolk et 

al. compared Xpert MRSA with CHROMagar MRSA and broth-enriched CHROMagar MRSA.
41

 

Boyce and Havill used CHROMagar MRSA as the reference standard,
42

 chromID MRSA agar was 

used in Jog et al.’s study,
30

 and de San et al.
43

 compared PCR with MRSA-ID. Jeyaratnam et al. 

compared BD GeneOhm MRSA with MRSA Chromagar by Oxoid.
28

 Three studies
44-46

 reported the 

screening accuracy results using a composite reference standard. van Hal et al. compared two 

chromogenic agars, MRSA-ID and Chromogenic MRSA agar plate (CMRSA), in one study,
46

 and 

BD GeneOhm MRSA with MRSA-ID, MRSASelect, and CHROMagar MRSA in another study.
45

 

Nguyen Van et al.
44

 evaluated the sensitivities and specificities of BD GeneOhm MRSA and three 

chromogenic mediums (ORSAB, CHROMagar, and MRSASelect). Sarda et al.
47

 compared BD 

GeneOhm MRSA with CHROMagar MRSA (BBL, Becton Dickinson, Franklin Lakes, NJ).  

Bischof et al.
48

 compared BD GeneOhm with CHROMagar MRSA (BBL, Becton Dickinson, 

Franklin Lakes, NJ), MRSASelect (Bio-Rab, Hercules, CA), Spectra MRSA (Thermo Fisher 

Scientific), and MSA-FX. All studies followed the manufacturer’s instructions for PCR.  

Bischof et al.
48

 added saline suspension to 200 μL of achromopeptidase in 10 mM Tris-HCI, 1 mM 

EDTA buffer (Sigma-Aldrich, St. Louis, MO) for use in BD GeneOhm MRSA.  

 
b)  Study setting  

All screening test accuracy tests with BD Gene Ohm MRSA as the index test were conducted in 

a hospital.  

 
c)  Patient population 

A series of consecutive patients were screened for MRSA, and the patient spectrum was limited to 

those in the high-risk category in the selected studies. For example, patients who have been 

previously colonized with MRSA, have frequent readmissions to health care facilities, live in 

residential facilities, or are admitted to a high-risk ward, such as the ICU, are usually considered to 

be high risk. The studies provided little or no information about patients from whom the specimens 

were collected. Given the array of wards that were studied, clinical heterogeneity in the patient 

population across all studies was considered to be likely. There were variations in factors such as 

age, disease, and disease severity. van Hal et al. limited the patient population to those who were 

previously colonized or infected with MRSA in the past 12 months.
45

 In another study, van Hal et al. 

screened patients who were known to be colonized or infected with MRSA in the past 12 months, or 

patients with a length of stay of more than two weeks who shared a room with MRSA-colonized or 

MRSA-infected patients.
46

 de San et al.
43

 collected specimens from patients in medicosurgical 

departments where 10% carried MRSA in the past. Other patient populations screened were those 

admitted to the ICU, vascular surgery, diabetology, and geriatric wards;
44

 those admitted to elderly, 



Polymerase Chain Reaction Tests for Methicillin-Resistant Staphylococcus aureus  

in Hospitalized Patients: Clinical Effectiveness Analysis 

14 

oncology, and surgical wards;
28

 or patients undergoing cardiac surgery.
30

 Wolk et al. conducted a 

multi-centre trial of Xpert MRSA in seven health care organizations, such as inpatient tertiary care 

hospitals, nursing homes, outpatient clinics, and long-term and extended stay facilities.
41

 Sarda et 

al.
47

 screened infants on admission and weekly afterward until discharge in a neonatal ICU. In 

Bischof et al.’s
48

 study, MRSA screening was performed for surgical patients in the ICU. The PPV 

ranged from 55.1%
28

 to 100%,
30

 and the NPV ranged from 96%
43

 to 100%.
42,45

 The PPV and NPV 

represent high-risk populations for MRSA.  

 
d)  Anatomical site for swab 

Eight studies collected specimens from the nares only.
30,41,42,44,46-49

 de San et al. collected 

522 samples from the nares, 212 from the throat, 206 from the perineum, and 60 from skin 

wounds.
43

 Patients were screened at the nares, axillae, groin, skin breaks, and other sites in 

Jeyaratnam et al.’s study.
28

 The swabs that were collected from the nares, axillae, and groin were 

pooled.
28

 van Hal et al. collected nasal, axillae, and groin specimens.
45

  

 
e)  Hierarchical model of efficacy 

Based on Fryback and Thornbury’s hierarchy of efficacy,
40

 eight studies on screening test 

accuracy for HA-MRSA provide an evidence level 2 (diagnostic accuracy efficacy). Studies in 

this category are characterized by the sensitivity and specificity in a particular clinical setting, 

and PPVs and NPVs and measures of the ROC curve.
40

 Sarda et al. showed some evidence 

level 4 (patient management), because the authors discussed the impact of MRSA surveillance 

on potential outbreaks in a hospital and the consequences of contact isolation to reduce MRSA 

transmission among patients.
47

 Jeyaratnam et al. provided evidence level 5 (patient outcome 

efficacy), because the study also assessed the clinical outcomes that were associated with patient 

management, such as MRSA transmission, isolation days, and turnaround time.
28

  

 

4.5.3 Quality assessment  

The results of the quality assessment appear in Appendix 10. The results suggest that there are 

methodological deficiencies in the studies of MRSA screening test accuracy. It was unclear in all 

studies whether the reference standard tests were interpreted without knowledge of the index test 

results, to reduce the risk of review bias where the screening test accuracy may be overestimated 

because the interpreter may be influenced by the results of the index test.
33

 Also, it was not evident 

in most studies if the withdrawals that were possibly due to a mishandling of specimens or swabs 

taken from an incorrect anatomical site were omitted. Two studies
42,45

 limited the patient population 

to those who were known to be previously MRSA-colonized or MRSA-infected, so the patient 

spectrum was not representative of individuals who would receive the screening test in clinical 

practice. The quality of Jeyaratnam et al.’s study
28

 was assessed using the Downs and Black 

checklist, because the primary objective was to compare the clinical effectiveness of MRSA 

screening for BD GeneOhm MRSA and chromogenic agar. The study was methodologically sound. 

 

4.5.4 Data analyses and synthesis 

The reference standard in this study is chromogenic agar. Predefined subgroup analyses were 

conducted by anatomical site of swab (nasal specimen compared with multi-site and nasal 

specimens) and index test (BD GeneOhm MRSA compared with chromogenic agar and Xpert 

MRSA compared with chromogenic agar), where applicable. The heterogeneity of studies using 
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BD GeneOhm MRSA as the index test was explored through forest plots of TPR and FPR and 

SROC plots.  

 
a) Multi-site specimen 

Forest plots of TPR and FPR for BD GeneOhm MRSA with multi-site specimen 

Figure 1 shows the forest plots of TPR and FPR for BD GeneOhm with multi-site specimen for each 

included study. The forest plot was generated using the Wilson score method and displays the CI for 

each study. The centre of each square represents the point estimate, and the size of the square for 

each study corresponds to its precision. Some studies with large squares (high precision) may fall 

outside the [0,1] range, but the point estimates and CIs are between 0 and 1. The forest plots suggest 

some evidence of heterogeneity in the rates, because the CIs do not overlap among some studies.  

 
Figure 1: True-Positive Rate and False-Positive Rate for BD GeneOhm Methicillin-Resistant 

Staphylococcus aureus with Multi-Site Specimen 

 

FPR = false-positive rate; TPR = true-positive rate. 

 

SROC plot for BD GeneOhm MRSA with multi-site specimen 

Figure 2 shows the TPR (sensitivity) and FPR (1−specificity) for all MRSA screening results 

that are reported in the selected studies. The most accurate screening test results are placed at the 

upper-left corner, where sensitivity and specificity are closer to 1.
50

 The studies that are placed 

closer to the centre suggest a negative correlation or trade-off between sensitivity and specificity. 

The curve indicates an overall accurate performance of BD GeneOhm MRSA, because several 

tests lie in the top-left, where sensitivity and specificity equal 1.
32

  

 

159/4,491 
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Figure 2: Included Studies for BD GeneOhm Methicillin-Resistant  
Staphylococcus aureus with Multi-Site Specimen 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FPR = false-positive rate; TPR = true-positive rate. 

 

Screening test accuracy for BD GeneOhm MRSA with multi-site specimen 

Table 2 shows the results of the bivariate analysis. The lower and upper limits represent the 95% 

CrI (95% of the MCMC samples lie between the limits for each parameter that is measured). The 

mean probability of a positive test result with PCR for a patient who is MRSA-colonized is 

95.68% (95% CrI 82.06% to 99.62%), and the mean probability of a positive test result for a 

patient without MRSA is 4.18% (95% CrI 1.19% to 9.6 %). The mean ratio of the probability of 

a positive test for patients with MRSA to that of a positive test for those without MRSA is 28.78 

(95% CrI 10.24 to 73.85), and the mean ratio of the probability of a negative test for patients 

with MRSA to that of a negative test for those without MRSA is 0.045 (95% CrI 0.003 to 0.184). 

Table 2 shows that the overall accuracy is high for HA-MRSA, including nose and other sites 

specimens (TPR 95.68% and FPR 4.18%). The results indicate a strong correlation between the 

TPR and FPR estimates in studies. The CrI, however, is wide and overlaps zero (mean 

correlation 0.644; 95% CrI −0.12 to 0.97). A positive correlation suggests that as the TPR 

increases, so will the FPR. The Spearman rank correlation coefficient between TPR and FPR (ρ) 

was 0.958, indicating a threshold effect for sensitivity and specificity estimates. The threshold 

effect may explain some of the variation between studies.  
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Table 2: Results of Bivariate Analysis for BD GeneOhm Methicillin-Resistant 
Staphylococcus aureus with Multi-Site Specimen 

Label Mean Median Lower Limit Upper Limit 

TPR (%) 95.68 96.84 82.06 99.62 

FPR (%) 4.18 3.86 1.19 9.6 

SD logit TPR 2.67 2.44 1.08 5.56 

SD logit FPR 1.56 1.44 0.82 2.94 

LR
+
 28.78 26.12 10.24 73.85 

LR
-
 0.045 0.035 0.003 0.184 

Correlation 0.644 0.723 −0.120 0.970 

FPR = false-positive rate; LR
+ 
= positive likelihood ratio; LR

-
= negative likelihood ratio; SD = standard deviation; TPR = true-positive 

rate. 

 
b) Nose specimen  

Forest plots of TPR and FPR for BD GeneOhm MRSA with nasal specimen 

The forest plots in Figure 3 suggest some evidence of heterogeneity in the FPR, because the CIs 

do not overlap for two studies. The results from Bischof et al.’s study were excluded from the 

meta-analysis because several solutions were added to the swabs for PCR as part of the initial 

steps.
48

 Also, the study population in Sarda et al.’s study
47

 was limited to neonates, so the 

outcomes were not pooled in a meta-analysis. Instead, the performance characteristics are 

reported separately.  
 

Figure 3: True-Positive Rate and False-Positive Rate for BD GeneOhm Methicillin-Resistant 
Staphylococcus aureus with Nasal Specimen 

 

 

FPR = false-positive rate; TPR = true-positive rate. 

159/4,491 
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SROC plot for BD GeneOhm MRSA with nasal specimen 

Figure 4 shows the TPR and FPR for BD GeneOhm MRSA related to nose specimens for all 

selected studies. Two studies are closer to the centre, indicating a negative correlation between 

sensitivity and specificity. The curve also suggests an overall accurate performance of BD 

GeneOhm for MRSA with nasal specimen, because many tests are plotted on the upper-left (high 

TPR and low FPR).  

 
Figure 4: Included Studies for BD GeneOhm Methicillin-Resistant  

Staphylococcus aureus with Nasal Specimen 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

FPR = false-positive rate; TPR = true-positive rate. 

 

Screening test accuracy for BD GeneOhm MRSA with nasal specimen 

Table 3 presents findings from the bivariate analysis. The mean probability of a positive test 

result for a patient who is MRSA-colonized is 95.50% (95% CrI 61.51% to 99.97%), and the 

mean probability of a positive test result for a patient without MRSA is 6.77% (95% CrI 0.26% 

to 35.48%). The mean ratio of the probability of a positive test for patients with MRSA to that of 

a positive test for those without MRSA is 839.41 (95% CrI 2.81 to 270.83), and the mean ratio of 

the probability of a negative test for patients with MRSA to that of a negative test for those 

without MRSA is 0.046 (95% CrI 0.0004 to 0.393). The positive likelihood ratio is right-skewed 

because the mean is greater than the median and the upper 95% CrI, and is above the upper limit, 

possibly because of greater variability as a result of the number of studies (six studies) in the 

subgroup analysis. The results indicate a strong correlation between the TPR and FPR estimates 

in studies (mean correlation 0.937; 95% CrI 0.433 to 1.00). A positive correlation suggests that 

as the TPR increases, so will the FPR. The correlation also states that as the sensitivity (TPR) 

increases, the specificity (1−TPR) decreases. The Spearman rank correlation coefficient (ρ) after 

a logit transformation was 0.983, suggesting a strong association between TPR and FPR. Given 
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that the mean is greater than the median for FPR, standard deviation logits TPR and FPR, and the 

positive likelihood ratio
 
and negative likelihood ratio, the descriptive statistics suggest that the 

data are right-skewed. The upper and lower limits (95% CrIs) are wider compared with the 

MCMC results for MRSA screening test accuracy studies using nose and other site specimens 

because of fewer studies.  

 

Table 3: Results of Bivariate Analysis for BD GeneOhm Methicillin-Resistant 
Staphylococcus aureus with Nasal Specimen 

Label Mean Median Lower Limit Upper Limit 

TPR (%) 95.50 98.23 61.51 99.97 

FPR (%) 6.77 3.69 0.26 35.48 

SD logit TPR 3.72 2.89 0.84 11.46 

SD logit FPR 3.01 2.44 1.07 8.13 

LR
+
 839.41 26.45 2.81 270.83 

LR
-
 0.046 0.019 0.0004 0.393 

Correlation 0.937 0.999 0.433 1.00 

FPR = false-positive rate; LR
+ 
= positive likelihood ratio; LR

- 
= negative likelihood ratio; SD = standard deviation; TPR = true-positive 

rate. 

 

Using MRSASelect and Spectra MRSA as the reference standards in Bischof et al.’s study,
48

 the 

performance characteristics of BD GeneOhm MRSA extracted in saline were sensitivity 83% 

(24/29), specificity 99% (337/341), PPV 86% (24/28), and NPV 99% (337/342).
48

 Compared 

with MRSASelect as the reference standard, the sensitivity (95%; 21/24) of BD GeneOhm 

MRSA increased using swabs that were extracted in 300 μl of achromopeptidase. The specificity 

(99%; 298/301), PPV (88%; 21/24), and NPV (99%; 298/300) did not vary.
48

 The screening test 

accuracy for PCR in the pediatric population were
47

 sensitivity 100% (95% CI 71.5% to 100%), 

specificity 97.6% (95% CI 95.7% to 98.89%), PPV 52.4% (95% CI 29.8% to 74.3%), and NPV 

100% (95% CI 99.1% to 100%).  

 

Screening test accuracy for Xpert MRSA  

One multi-centre clinical trial compared Xpert MRSA with direct and broth-enriched 

chromogenic agar.
41

 The sensitivity and specificity among hospitalized patients were 94.3% 

(95% CI 80.8% to 99.3%) and 95.8% (95% CI 92.9% to 97.7%) respectively. The sensitivity of 

Xpert MRSA decreased by 6.2% compared with broth-enriched chromogenic agar (88.1%; 95% 

CI 74.4% to 96.0%). The specificity value increased by 1.2% to 97.0% (95% CI 90.4% to 

97.1%) (Cepheid, Sunnyvale, CA: unpublished data, 2009 April 2).  

 

4.6 CA-MRSA 

4.6.1 Clinical Effectiveness 

No studies that measured the clinical effectiveness of CA-MRSA screening using PCR (BD 

GeneOhm or Xpert MRSA) were identified.  
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4.6.2 Screening Test Accuracy 

Section 4.4 outlines the methodology used for the screening test accuracy studies. 

4.7 Results 

4.7.1 Quantity of research available 

One study was selected for inclusion in the CA-MRSA screening test accuracy review. 

 

4.7.2 Study characteristics 

The index test was BD GeneOhm MRSA, which was compared with chromogenic agar 

(CHROMagar) and chromogenic agar (CHROMagar) with broth enrichment.
51

 Farley et al.
51

 

collected nasal specimens from male prisoners who were at least 21 years old. The study 

characteristics appear in Appendix 11.  

 
The study provides level 2 evidence (diagnostic accuracy efficacy) according to Fryback and 

Thornbury’s hierarchy of efficacy, because it focused on the sensitivity and specificity in a 

particular clinical setting, and reported PPVs and NPVs.
40

  

 

4.7.3 Quality assessment 

The results of the quality assessment appear in Appendix 12. The study had methodological 

weaknesses. For instance, it did not state whether test results were interpreted without knowledge 

about the other test and because neither study was conducted in a hospital, it was uncertain 

whether the study population’s clinical data were available to determine if the patient should be 

isolated as a precaution.  

 

4.7.4 Data analyses and synthesis 

a) Screening test accuracy for BD GeneOhm MRSA for CA-MRSA 

The sensitivity and specificity for BD GeneOhm MRSA were 88.5% (95% CI 82.0% to 95.0%) 

and 91.0% (95% CI 89.0% to 94.0%) respectively. The overall screening test accuracy for BD 

GeneOhm MRSA increased when compared with broth-enriched chromogenic agar (sensitivity 

89% and specificity 91.7%), as reported by Farley et al.
51

  

 

 

5 CLINICAL PRACTICE GUIDELINES 

5.1 Methods  

Two reviewers (SC and KC) independently assessed guidelines using the Appraisal of 

Guidelines for Research and Evaluation (AGREE) Instrument.
52

 The AGREE Instrument 

provides a systematic framework to evaluate key components. Twenty-three items are grouped 

into six domains: scope and purpose, stakeholder involvement, rigour of development, clarity 
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and presentation, applicability (organizational and cost implications of implementing guidelines), 

and editorial independence (potential conflicts of interest from the guidelines development group 

and source of funding) (Appendix 13). The items are scored separately on a four-point Likert 

scale (4 = strongly agree to 1 = strongly disagree), followed by the domain scores (%) based on 

the average scores of the items. An overall assessment of whether the guideline should be 

recommended is provided.
52

  
 

The user manual for the AGREE Instrument suggests assessing the guidelines as “strongly 

recommend,” “recommend” (with provisos or alterations), “would not recommend,” or “unsure.” 

The appraiser must make a judgment about the quality of the guideline. There is, however, no 

threshold provided to decide the level of the recommendations. For this HTA, the reviewer 

decided to assess a guideline as “strongly recommend” when most domain scores were greater 

than 60%, “recommend” when most domain scores were greater than 30%, and “would not 

recommend” when most domain scores were lower than 30%.  

 

5.2 Results 

After scrutinizing 599 potentially relevant articles and reports (557 citations from the electronic 

literature search and 42 citations from the grey literature search), 14 Canadian and international 

guidelines on routine MRSA screening in hospitalized patients were included in this report.
3,53-65

 

Five are from Canadian provincial health authorities or professional associations,
3,54,56,57,64

 four 

from the National Health Service (NHS) and professional societies in the United 

Kingdom,
55,58,59,65

 three from American professional societies,
53,61,63

 one from Ireland,
60

 and one 

that was developed by researchers in several countries.
62

 Four guidelines mention the role of 

PCR or molecular tests in screening patients who are colonized or infected with MRSA.
53,58,59,64

 

The QUOROM flowchart of the included articles for the guideline review appears in Appendix 

14, and a list of excluded studies appears in Appendix 15.  

 

Nine of these guidelines are evidence-based (the recommendations were derived from reviewing 

the scientific literature).
53,55,57,59-63,65,66

 Five did not specify whether the literature was reviewed 

systematically or by hand.
57,60,62,63,65

 One Canadian guideline indicated that it was evidence-

based.
57

 The remaining guidelines did not specify the data sources or how the recommendations 

were generated.  

 

These guidelines provide direction on the prevention and control of MRSA infection in health 

care settings. The target populations comprise patients who are admitted to acute care hospitals 

or who live in long-term care facilities, chronic care facilities, home health care facilities, interim 

care units, and hospices that are affiliated with a health care institution. Guidelines for specific 

patient groups, such as pediatric patients
56

 and those with cystic fibrosis,
62

 are also identified. In 

our report, recommendations on hospitalized pediatric and adult patients are summarized 

(Appendix 16). 

 

The guidelines that are reviewed provide consistent guidance on patient populations who should 

be screened and the appropriate anatomical sites to swab. The recommendations that are 

provided by the included guidelines on MRSA screening tests for hospitalized patients are as 

follows: 
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 MRSA surveillance should be performed at admission.
53,55,61,64,65

 

 Patients who are at increased risk of MRSA infection and who should be screened include:  

 those previously colonized or infected with MRSA
3,54-58,60,64,65

  

 those with a history of hospitalization within a certain period (from three to 

12 months)
3,54,57,64

 

 those being readmitted to hospital
60,63,65

 

 those transferred between health care facilities
54-57,60,63,65

 

 those who have had contact with people with MRSA
54,56,57

 

 those who have recently been exposed to a health care facility or a residential care facility 

with an MRSA outbreak or with a high prevalence of MRSA
54,55

 

 all patients admitted to high-risk units (including ICU and neonatal ICU, burns, 

transplantation, cardiothoracic, orthopedic, trauma, vascular surgery, renal, regional, and 

national and international referral centres).
54,55,58,60,63,65

 

 

Most of the guidelines target selected patient populations.
3,54-58,60,63-65

 A few address universal 

MRSA screening.
56,58

 One guideline states that the universal screening of all hospital admissions 

(at preadmission clinics for elective admissions or immediately at emergency admissions) is the 

most appropriate approach for the reduction of MRSA carriage and consequential infections. 

This is usually limited by available resources.
58

 The guideline by the Canadian Paediatric Society 

suggests that it is impossible to identify all patients who are colonized with multi-resistant 

organisms without universal screening, but high costs are a barrier.
56

  

 

The most common recommended site for sampling is anterior nares.
3,53-58,60,61,63-65

 Other sites 

include perianal or groin area, skin lesions, wounds, and invasive device sites.
3,54-56,58,60,64,65

 For 

newborn infants, a swab from the umbilicus should be taken.
3,54-56,65

 For patients with cystic 

fibrosis, respiratory tract cultures should be performed if the patient is hospitalized.
62

  

 

PCR is described as an option for MRSA screening in Calfee et al.’s guideline.
53

 The NHS 

guideline mentions three screening methods that are used in the UK: direct culture, broth 

enrichment with a subculture, and PCR test. Recommendations about the optimal choice of 

screening method are not provided.
58

 The BC Centre for Disease Control guideline states that 

molecular tests for the direct detection of mecA may be used in MRSA screening as an 

alternative to conventional screening methods, such as culture or the Oxacillin Minimal 

Inhibitory Concentration using E Test.
64

 Brown et al. state that molecular methods are being 

developed, and more data are needed for review.
59

  

 

Nine guidelines grade the strength of recommendation and quality of evidence.
53-55,59-63,65

 

Various grading systems were used. One was developed by the authors.
63

 Some guidelines used 

criteria that were developed by health care agencies such as Health Canada,
54

 the US Centers for 

Disease Control and Prevention,
55,59,61,62

 UK guidelines for the prevention of health care-

associated infections in the community,
60

 the Canadian Task Force on the Periodic Health 

Examination,
53

 and the Communicable Disease Control system
65

 (Appendix 16).  

 

Based on the scores that were calculated using the AGREE Instrument, the guideline by Calfee et 

al. is strongly recommended in the overall assessment, because it achieved a score of greater than 

60% in most domains.
53,66

 Eleven guidelines with most domain scores greater than 30% are 
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assessed as “recommended.”
3,54,55,57,59-65

 Two guidelines with most domain scores less than 30% 

are assessed as “would not recommend.”
56,58

 Four Canadian guidelines are assessed as 

“recommend,”
3,54,57,64

 and the guideline by the Canadian Paediatric Society is assessed as “would 

not recommend” because most of the domain scores were lower than 30%.
56

 Most of the 

guidelines state the scope and purpose, and the recommendations are clearly presented. The 

scores for “editorial independence” were poor in most guidelines. For example, approximately 

64% of the guidelines (9/14), including all five Canadian guidelines, do not indicate potential 

conflicts of interest and source of funding, and therefore score zero in this domain
3,54,56,57,60-

62,64,65
 (Appendix 17). 

 

 

6 HEALTH SERVICES IMPACT 

6.1 Ethical Issues 

6.1.1 Methods 

a)  Literature search strategy 

A peer-reviewed literature search was conducted on the ethical and legal issues of MRSA or 

multi-drug resistant organisms. All search strategies were developed by the information 

specialist with input from the project team.  

 

The following bibliographic databases were searched through the Ovid interface: Medline, 

Medline In-Process & Other Non-Indexed Citations, Embase, and BIOSIS Previews. Parallel 

searches were run in PubMed and The Cochrane Library. The search strategy comprised 

controlled vocabulary, such as the National Library of Medicine’s MeSH (Medical Subject 

Headings), and keywords. The main search concepts included ethical and legal issues, and 

methicillin (also spelled “meticillin”)-resistant S. aureus or multi-drug resistant organisms. 

Appendix 1 shows the detailed search strategies.  

 

Searches were restricted to articles that were published from 1993 onward to focus on current 

PCR techniques. Ovid AutoAlerts were set up to send monthly updates with new literature. 

Monthly updates were performed on PubMed and The Cochrane Library databases.  

 

Grey literature was identified by searching the websites of HTA and related agencies, 

professional associations, and other specialized databases. Google and other Internet search 

engines were used to search for additional information. Appendix 1 shows the grey literature 

searches. These searches were supplemented by hand-searching the bibliographies and abstracts 

of key papers and conference proceedings and through contacts with appropriate experts and 

agencies.  

 

6.1.2 Results 

During the literature search, from the 261 citations that were identified, 27 potentially relevant 

articles were retrieved for review, and 12 reports were selected for inclusion. An additional 
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37 reports were retrieved through hand-searching, for a total of 49 included reports. Appendix 18 

shows the QUOROM flowchart of the included studies for the ethics review.  

 
a) Ethics review 

In this assessment of the use of PCR tests for MRSA screening among hospitalized patients, the 

uncertainty about the benefits weighed against the potential risks and burdens is worth 

examining from an ethical perspective in an analysis of the ethical issues in the screening 

process.
67

 Items for consideration are the health issues (for example, treatment of MRSA 

infection); description of PCR including use, safety, clinical effectiveness, costs, and economic 

evaluation; and organizational aspects from ethical, social, and legal perspectives. All these 

domains are considered during evaluation because they may affect the well-being of individual 

citizens. This assessment focuses on three characteristics of using PCR: rapidness, reliability, 

and costs.  

 

Beauchamp and Childress state that the cornerstone of health ethics in a democratic society is the 

principle of nonmaleficence, which is often presented with beneficence as one principle.
68

 It 

highlights the initial justification for a government to restrict an individual’s liberty.
69

 John 

Stuart Mill stated that “the only purpose for which power can be rightfully exercised over any 

member of a civilized community, against his will, is to prevent harm to others.”
70

  Social 

justice, which is the fair distribution of society’s benefits and responsibilities, and the related 

consequences, is another value. Public health practice aims to intervene for the collective good 

using levers for change, such as advocacy, policy, and social interventions.
71

 There are criteria 

for consideration by decision-makers about the ethical appropriateness of using PCR tests in a 

hospital.  

 
b) Individual ethical issues  

Patients’ concerns 

Beauchamp and Childress’s approach in medical ethics guides our review of the ethical 

principles in MRSA screening.
68

  

 

Beneficence compared with nonmaleficence 

MRSA screening is usually conducted among high-risk patients at hospital admission as part of 

the standard analysis. This practice seems to be accepted by patients. However, because the 

outcomes of screening may vary, one issue remains: does screening benefit the individuals who 

are being screened?
72

 Screening is performed to collect patient data to determine the appropriate 

measures to control infection transmission in the general population. Prevention or avoidance of 

harm to patients is related to the nonmaleficence principle. Although the purpose of screening is 

for population safety, the individual who is tested also benefits from the initiation of appropriate 

treatments for his or her health condition, but the patient may experience inadvertent adverse 

events. For example, patients in isolation may receive less attention from nurses and 

physicians,
73

 or consultations or transfers to specialized departments are often delayed or refused 

if facilities are unequipped to provide care to patients with MRSA infection.
74

 Bryan
73

 explains 

this using the doctrine of double effect, which weighs the positive and negative consequences of 

screening. This doctrine can be used to justify the possibility of harming individuals who are 

tested to bring other goods for the population, such as barrier precautions. This, however, 

requires a trade-off between beneficence (doing good) and nonmaleficence (avoiding harm).  
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Autonomy versus communitarianism 

Screening requires a balance of individual rights with the protection of the general population. In 

terms of autonomy, MRSA screening is seen as standard medical care that is covered in the 

general consent form signed at admission and, therefore, specific consent is unnecessary.
75

 On 

the other hand, isolation and contact precautions can negatively affect the autonomy and welfare 

of individual patients. Beauchamp et al. state that “quarantine and isolation are among the most 

significant restrictions on individual liberty that may be authorized in response to contagious 

disease.”
76

 Patients are often isolated in a room and denied the freedom to come and go as they 

desire,
74

 their movements in the ward are limited, and contacts with other individuals are 

minimized. To reduce the risk of cross-infection, it may be considered desirable to place the 

individual’s name at the end of a procedure list in specialized services.
55

 Moreover, the results of 

screening may compromise privacy and confidentiality, because surveillance data may include 

personal information, such as a patient’s identifier, address, age, gender, site of specimen, and 

site of infection.
53,55

 To inform all health care facilities that may be affected, personal 

information may be transmitted using a computerized alert system, and an MRSA identification 

card may be issued.
77

 Clinical bioethics underscores patient autonomy whereas the ethics of 

infection control emphasize justice,
78

 because the public health focus is on the community, not 

on the patient. In addition, policy-makers tend to favour the principle of justice over autonomy.
74

 

This attitude is based on the communitarianism principle, a political and ethical point of view 

that promotes community values as grounds for ethical reasoning and the common good as a 

primary focus.
73

 Based on a “fiduciary role” for society, the public health authority may act in a 

manner that is not perceived by an individual as being in his or her best interests.
79

  

 
Equity and justice distributive 

Screening raises issues related to justice and equity. Distributive justice is viewed by Santos et 

al. as a normative principle to guide the fair allocation of benefits, burdens, resources, and 

information in the community.
75

 According to Edmond, MRSA screening gives rise to an unfair 

distribution of burdens and benefits, because the colonized patient bears the burden while the 

benefits are accrued by non-colonized patients.
80

 This reasoning is in line with the following 

statement: “Public health programs and interventions are justified by their net benefit to the 

population as a whole, rather than a benefit for each and every individual.”
79

 Decision-makers 

often set priorities by focusing on the utilitarian principle of the greatest good for the greatest 

number, so programs that benefit a greater number of people tend to be preferred over programs 

that benefit a smaller number of people.
72

 Resources should then be distributed fairly to provide 

equal access to those in equal need.  

 

The quality of care for isolated patients also raises issues of justice and fairness. Isolated patients 

receive less attention and fewer visits from nurses and physicians.
73

 Edmond found a 50% 

reduction in physician and nurse visits, higher rates of missing progress notes, and incomplete or 

no recording of vital signs among isolated patients.
80

 Such behaviours have repercussions on the 

quality and safety of care that is delivered. Isolated patients are twice as likely as non-isolated 

patients to experience adverse events such as pressure ulcers, falls, and electrolyte disturbances, 

and are more likely to file a formal complaint with the hospital.
81

 Founded on justice, appropriate 

measures must be taken to ensure that patients’ access to optimal treatment is maximized, and 

hospitals should ensure that MRSA status does not adversely affect patient care.
74
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Precautionary principle 

The precautionary principle justifies anticipatory preventive action despite incomplete scientific 

evidence.
73

 Public health authorities often take action to prevent harm even if the evidence is 

uncertain.
69

 There is a paucity of available evidence on screening and control programs for 

MRSA infection. Nasal swabs can provide reliable evidence for carriage, but the nose is not the 

only staphylococcal carrier site.
82,83

 For example, among cultures of stool specimens submitted 

for Clostridium difficile toxin assays at one hospital, 12% of the samples contained MRSA,
84

 and 

nearly a third of MRSA-infected patients were not nasally colonized.
83

 As confirmed by Evison 

and Muhlemann,
85

 screening for MRSA shortly after exposure may lead to false-negative results 

due to an incubation period before MRSA carriage is detectable. Transmission does not only 

occur in a specific hospital ward, but using a universal screening strategy at admission may not 

prevent patients from acquiring MRSA at a later date, whether it is on the ward or elsewhere.
86,87

 

Isolation reduces the risk of MRSA transmission, but this risk is not eliminated.
88

 Cepeda et al.
89

 

showed that the transfer of MRSA-positive patients into single rooms does not reduce cross-

infection, so the isolation policies in ICUs where MRSA is endemic must be re-evaluated for a 

more effective approach in the prevention of MRSA infection.  

 

The threat of MRSA infection is immediate, and the window of opportunity for effective 

intervention is narrow. Public health authorities must act quickly. Procrastination or waiting for 

the best evidence may result in a lost opportunity to act effectively.
79

  

 

Impact of PCR implementation  

The reduction in turnaround time from using PCR instead of conventional culture is substantial.
30

 

The median time from swab collection to the results being telephoned to the wards is reduced 

from 47 hours to 21 hours, excluding weekends.
29

 Most guidelines
53,66,77

 recommend that high-

risk populations such as transferred patients, previously known MRSA carriers, patients on 

dialysis, or patients entering ICU be screened at hospital admission. PCR testing for high-risk 

patients at readmission reduces the number of unnecessary pre-emptive isolation days by 51% 

and related costs by 45% compared with culture-based methods.
90

  

 

Guidelines also recommend contact precautions for colonized and infected persons. For 

presumed MRSA carriers, including patients transferred from other facilities whose stay is 

greater than 24 hours, and for patients in the same room as an MRSA carrier for more than 

24 hours, contact precautions should be implemented before the test results arrive.
77

 With PCR 

screening, patients testing positive for MRSA are placed under contact precautions, pending 

confirmation by culture. Contact precautions are discontinued if the culture results are negative.
91

 

In low endemic settings, such as the Netherlands, patients who are considered to be at increased 

risk of MRSA carriage are treated in isolation until the negative results of culture tests have been 

confirmed.
18

  

 

The use of PCR may provide benefits for true-positive cases because it will allow the initiation 

of appropriate treatment sooner and put an end to psychological burdens (for example, anxiety) 

for true negative patients. The short turnaround time of using PCR methods may decrease the 

morbidity and mortality that are associated with MRSA infection. The use of PCR yields a 

higher rate of false-positive results compared with culture-based methods. Patients with false-

positive results will unnecessarily bear the burden of being identified as an MRSA-infected 
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patient. Although complications are uncommon with the standard of care for decolonization of 

MRSA (mupirocin), serious adverse events can occur with the use of certain decolonizing 

agents, such as neomycin, bacitracin (allergic contact dermatitis), hexachlorophene, and rifampin 

(hepatotoxicity and thrombocytopenia).
92

 There is greater risk of colonization by neighbours who 

are true MRSA carriers if the patient is placed in a larger setting for all MRSA carriers. 

According to the results of a formal psychometric test, inappropriate isolation for an extended 

period may lead to an increased level of psychosocial distress and anxieties until the results of 

culture become available.
18,80

 Conterno et al.
91

 showed that 41.4% of participants were placed 

under contact precautions unnecessarily; thus contributing to 37% of the increased cost in MRSA 

control, because of PCR’s low specificity and false positivity.  

 

Health care workers’ concerns 

Health care workers play a role in spreading resistant strains from patient to patient through 

contaminated hands and clothing.
93

 Transmission typically occurs from patient to patient by the 

hands of hospital personnel who have acquired the organism after contact with a colonized or 

infected patient or after handling contaminated materials.
29

 According to an investigation of 

contact transmission of MRSA in Australia, 17% of contacts between a health care worker and 

an MRSA-colonized patient resulted in transmission of MRSA from the patient to the health care 

worker’s gloves.
94

 Approximately eight out of 10 staff members acquired MRSA transiently 

after wound dressing changes. The bacteria were eliminated after handwashing.
75

 Compliance 

with contact precautions among health care workers were repeatedly shown to be poor in 

hospitals with endemic MRSA,
75

 often less than 50% on observation.
95,96

 Some studies reported 

that compliance with hand hygiene was 41.7%.
28

 In Australia, compliance with glove use was 

75% among the health care workers surveyed and 27% among doctors.
94

 Women comply more 

often than men in the community, and nurses are more compliant than physicians in hospitals 

and clinics. When clinicians become busy, they comply less often.
97

 Handwashing is more 

important than environmental factors, contributing to 80% compared with 10% respectively in 

MRSA control.
98

 A continued re-education of staff to ensure understanding of the importance of 

hand hygiene and the availability and accessibility of supplies, with an emphasis on moral 

responsibility, is needed to improve compliance. The involvement of patients and their families 

in care should also be promoted. Patients should be encouraged to ask clinical staff about hand 

hygiene, and health care workers should be instructed to respond positively instead of reacting 

defensively.
95

 Raising the awareness of health care workers and supporting the benefits of 

compliance can encourage health care workers to adjust their behaviours accordingly.
97,98

 Based 

on the responsibility principle, health care workers have a duty to promote their codes of 

conduct.
99

 The “Do no harm” principle was put forward in the Hippocratic Oath.  

 

The causality between medical negligence and infection morbidity and mortality can be 

established. “How perfect or imperfect can physicians and other health care workers be expected 

or allowed to be?” “How many missed occasions can be considered to be acceptable?”
100

 

Increasingly, patients and the general public view MRSA infection as an indicator of the quality 

of patient care and want reassurance that all health care professionals are taking reasonable and 

sensible precautions to minimize the spread.
55
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Impact of PCR implementation  

The replacement of cultured-based methods with PCR may have an impact on nurses’ duties and 

on the work conditions of laboratory technologists. Unless positive PCR results are confirmed by 

culture, the workload of health care workers will increase because of high false-positive results 

with the use of PCR, which impose unnecessary precaution measures on patients. Such a 

situation may be difficult to manage on a large scale in high endemic settings because of an 

increased volume of tests, larger number of cases, and more complex bed management. 

Furthermore, false-negatives results are also reported. Even if the use of PCR is considered to be 

a sensitive method, some strains may still be undetectable.
18

 A negative test for nasal 

colonization would not exclude MRSA disease in moderate or high prevalence settings.
83

 Bartels 

et al.
101

 evaluated the performance of the BD GeneOhm MRSA real-time PCR assay on diverse 

collections of MRSA, mainly from Copenhagen, Denmark. The findings showed that the most 

common clone of MRSA isolates in Copenhagen was undetectable, underlying the need for the 

evaluation of using PCR for the local MRSA diversity before its implementation in clinical 

practice.  

The use of PCR is technically more complex than culture-based methods. It requires increased 

pipette manipulation, which leads to a high risk of contamination during laboratory processing, 

and calls for a dedicated and meticulous laboratory employee. Technologists often complain of 

tendonitis and back and shoulder pain, and they often require a work shift rotation. The 

application of PCR should be seen as an opportunity by technologists who will receive 

appropriate training to perform the test without affecting their own health condition.  

Sample processing and PCR set up are labour-intensive and delay the time to result reporting, 

particularly in laboratories that process more than 100 samples a day.
102

 The specimen 

processing and the need for skilled workers make it difficult to provide 24-hour service seven 

days a week. Additional technological enhancements are needed to provide more flexibility in 

processing samples and more ease of use.
29

 Xpert MRSA, a second generation of real-time PCR, 

has operational advantages, including peed and ease of use. Because the Xpert MRSA method is 

less complex than the BD GeneOhm method, a variety of health care staff can participate in 

testing. The new method can also be used in a variety of health care settings, ranging from the 

clinical laboratory to off-site point-of-care testing. The method is reproducible, even when 

performed by personnel with limited experience, as shown by a total intersite agreement of 

99.2% and its rating of moderate complexity in the Clinical Laboratory Improvement 

Amendments categorization.
41

  

 
c) Societal ethical issues 

Isolation has some community benefits to limit infection propagation. Not only does isolation 

protect other individuals from exposure, contamination, morbidity, and mortality, but it also 

saves the health care system costs in the treatment of infections. Subsequently, these cost savings 

may be used elsewhere in the system.
74

  

 

Population 

The advantage of PCR is its lower turnaround time, which may contribute to the optimization of 

an infection control program, because it reduces cross-infection during the minimized delay to 

obtain the screening result.
18

 By decreasing the number of pre-emptive isolation days, the use of 

PCR may increase the productivity of the population, because the economic impact of MRSA 

isolation days includes a decline of labour inputs related to increased morbidity and mortality 

and an increase of health care costs associated with additional or longer treatment.
103

 Some 
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studies have shown, however, that the use of PCR does not have an impact on MRSA 

transmission. In comparing MRSA incidence between PCR and culture-based methods, Aldeyab 

et al.
29

 concluded that there was no difference in the incidence rate on the surgical ward. The use 

of PCR can reduce the turnaround times, but the time reduction from swab collection to results 

being telephoned to the ward may be insufficient to limit the transmission of MRSA. Moreover, 

there was minimal reduction in MRSA acquisition rate, as evaluated by the proportion of patients 

who are negative for MRSA and who became MRSA-positive on hospital general wards during 

the hospital stay, according to a cluster randomized crossover trial.
28

  

 

The risk of increased false-negative results may be a threat to the general public, because it may 

create a false sense of security. It may also induce relaxation of vigilance in the population and 

among health care workers who handle these false-negative cases without applying contact 

precautions and favouring the spread of infection to patients. Future antimicrobial resistance may 

have a large impact on hospitals worldwide.  

 
Health care system  

The implementation of using PCR for MRSA screening would have an impact on the health care 

system in terms of cost, but the health care system has an obligation of care quality toward the 

population, individual patients, and isolated patients. The reciprocity principle holds that society 

must be prepared to help individuals and communities in their efforts to discharge their duties.
69

 

Refusal to accept the transfer of a patient is not justifiable on the basis of the risk that is posed to 

other patients by an individual’s carriage of or infection with MRSA. All units must have 

procedures in place and adequate facilities for the containment of MRSA.
55

  

 

The introduction of PCR is characterized by its rapidity and its higher costs. PCR is more 

expensive than conventional culture.
80

 According to Jeyaratnam et al., PCR is five times more 

expensive than chromogenic agar in the universal MRSA screening of inpatients.
28

 One 

Canadian study that included items such as the cost of equipment and housekeeping activities 

(for example, cost of supplies used and time required for cleaning and supervision) indicated that 

the cost benefit of screening by using PCR varies according to the incidences of MRSA 

colonization and infection, the predictive values of the assay, and the rates of compliance with 

infection control.
91

 If hospital staff and the available resources have not adjusted, the urgency 

that is placed on MRSA screening may limit resources for other health care-associated 

infections, leading to diverse priorities for other facilities.
80

  

 

Because the use of PCR is associated with high costs, strategies were developed to render it more 

cost-effective. For example, the pooling of swab samples may reduce PCR costs without 

potentially reducing sensitivity.
104,105

 In a low prevalence setting, a small percentage of pooled 

samples would be individually retested. If MRSA prevalence is higher than 16%, pooling in sets 

of five specimens would no longer be cost-effective.
105

 Testing pooled specimens using PCR was 

more cost-efficient compared with testing samples individually. Each vial of reagent was 

sufficient to test six samples; but once it was opened, it could not be reused. Despite the benefit 

of pooling swab samples, Rajan et al. reported that the costs of testing 170 swabs using the PCR 

technique were 45 times more expensive compared with commercial culture-based methods. The 

commercial culture-based methods are two times more expensive than the in-house culture 

method.
106

 By increasing the number of tests, the use of PCR may become cost-effective. The 
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availability of the technology may create a need to expand the range of the population to be 

screened. Decision-makers should not rely on the precautionary principle to arbitrarily promote 

the expansion of the inclusion criteria.  

 

To optimize prevention and control of infection, cleaning and disinfection protocols should entail 

a daily thorough cleaning of frequently touched (“high-touch”) surfaces in patient-care areas (for 

example, bed rails, carts, night tables, doorknobs, and faucet handles), with special attention to 

ensuring adequate coverage of surfaces with approved disinfectants at appropriate dilutions for 

the appropriate amount of time.
53

 The cost of using PCR may be an issue for decision-makers 

because the increase in the cost of equipment may not be counterbalanced by the decreased 

number of isolation days for patients.  

 

 

7 DISCUSSION  

7.1 Summary of Results 

7.1.1 Clinical review  

Six studies on clinical effectiveness and 11 studies on screening test accuracy for MRSA (HA-

MRSA = 10 and CA-MRSA = 1) were included in our clinical review. Two studies were 

included in the clinical effectiveness section and in the MRSA screening test accuracy 

section.
28,30

 The clinical effectiveness of using BD GeneOhm MRSA for HA-MRSA screening is 

presented. Overall, the MRSA colonization, infection, and transmission rates were lower when 

PCR is used compared with chromogenic agar, but the differences were minimal because the 

possibility of a null difference could not be excluded based on the 95% CIs in most cases. One 

study detected a decrease in the prevalence of MRSA infection and bacteremia when universal 

screening using PCR was compared with no screening.
27

 In addition to placing colonized patients 

in isolation rooms, attempts were made to decolonize them. Therefore, it is difficult to determine 

the benefit of isolation compared with decolonization using this strategy. In addition, potential 

biases that are related to study design may have affected the outcome variables. Harbarth et al.
87

 

conducted a prospective, interventional cohort study using a crossover design to measure the 

effect on MRSA infection rates in surgical wards at admission when MRSA universal screening 

is used. Standardized infection control methods (for example, hand hygiene) were compared with 

same-day multiplex in-house PCR plus standardized control infection measures. The results 

showed that same-day universal screening did not reduce the MRSA infection rate among 

patients in large surgical wards compared with standardized infection control measures (adjusted 

incidence rate ratio 1.20; 95% CI 0.85 to 1.69), suggesting that evidence in support of MRSA 

universal screening at admission is inconclusive.
87

 The authors noted several limitations, 

including no randomization of individual wards to receive interventions, a passive post-discharge 

MRSA surveillance of MRSA surgical site infections, and no confirmation of positive test results 

using PCR with culture-based methods. The authors also state that most of these limitations were 

resolved because of the crossover design.
87

 The turnaround time from admission to screening test 

results being telephoned
28,29

 and the number of isolation days was lower for PCR compared with 

chromogenic agar.
28

 No studies that measured the clinical effectiveness of Xpert MRSA were 

identified.  
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The use of BD GeneOhm MRSA is intended for testing of MRSA nasal colonization.
21

 The 

summary estimates of MRSA detection with nasal and other site specimens among hospitalized 

patients show high accuracy rates for BD GeneOhm MRSA (TPR 95.93% and FPR 4.93%). The 

TPR stayed consistent in the subgroup analysis of nose specimens only, but the specificity 

decreased (FPR 6.99%). The CrIs were wider in the subgroup analysis because of the smaller 

number of studies pooled (six studies). Therefore, the results should be interpreted with caution. 

The performance characteristics in Sarda et al.’s study
47

 of the pediatric population were 

comparable with results for the adult patient population. The clinical findings in Bischof et al.’s 

study were also consistent with the performance characteristics of BD GeneOhm with nasal 

specimens that were reported in the individual studies, suggesting that the additional preparation 

by Bischof et al. had a minimal effect on the overall performance of BD GeneOhm MRSA.
48

 

Wolk et al.’s multi-centre trial compared the use of Xpert MRSA with chromogenic agar in 

many health care settings (for example, hospitals, outpatient clinics, nursing homes, and long-

term and extended stay facilities). The study found the sensitivity and specificity to be high 

among hospitalized patients (TPR 94.3% and FPR 4.2%). The sensitivity and specificity of the 

screening test for CA-MRSA were lower compared with the screening test accuracy for HA-

MRSA (88.5% and 91.0%).
41

 The results must be interpreted with caution because only one 

study was eligible for inclusion.  

 

The study samples were limited to high-risk populations, so the PPVs and NPVs suggest a high 

probability that the test results are accurate. The PPV and NPV vary by prevalence. For example, 

a lower prevalence of MRSA will decrease the chances that the patient is colonized (lower PPV). 

Subsequently, the prevalence of MRSA in a region may help to determine the optimal screening 

strategy (universal versus targeted) in a hospital.  

 

NHS Quality Improvement Scotland published an HTA report on the clinical and cost-

effectiveness of MRSA screening.
107

 The index tests that were evaluated were screening agars 

(ORSA and mannitol salt oxacillin), MRSASelect chromogenic medium, and PCR (broth-

enriched and real-time PCR using primers that formed the basis of IDI-MRSA).
107

 The study 

found chromogenic agar to be clinically and cost-effective, with the highest sensitivity (98%) 

and specificity (FPR 0.2%), and a 24-hour turnaround time, compared with other screening agars 

and chromogenic mediums.
107

 PCR had a sensitivity of 96% and FPR of 5% compared with 

broth-enriched screening agars and the standard mannitol salt agar culture.
107

 The report 

measured the economic impact of MRSA screening programs for the NHS in Scotland and 

presented recommendations on MRSA screening for patients who are admitted to acute-care 

hospitals.
107

 The performance characteristics of PCR in the NHS assessment are consistent with 

the results in our review. The index tests, however, differed.  

 

The selection of studies and the quality assessment in this clinical review were conducted 

independently by two reviewers to reduce the risk of bias. Few studies were of high quality. For 

instance, the risk of confounding was greater among studies measuring the clinical effectiveness 

of PCR with no randomization,
29

 in studies that did not describe potential confounders or 

whether they were investigated,
27,29

 and in studies that failed to state if patients who were lost to 

follow-up were taken into account.
27,29

 Based on the limited data in the primary studies on 

screening test accuracy for HA-MRSA and CA-MRSA, it was a challenge to determine potential 

sources for verification bias. For example, it was unknown if a blind measurement of the index 
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test and reference standard occurred in the studies. Knowledge of the index test results during the 

interpretation of the reference standard may lead to overestimation of the index test 

accuracy.
108,109

 Moreover, it was unclear whether the patients’ clinical data were available during 

the study, as it would be in clinical practice, for CA-MRSA screening test accuracy studies.  

 

Several studies in the review performed discrepant analyses in an approach that has been 

criticized.
110,111

 The reasons for criticism include a performance bias toward the index test. The 

approach is viewed as lacking scientific credibility.
110,111

 Subsequently, the reviewers deemed it 

inappropriate to incorporate the results of the discrepant analysis into the meta-analysis. One 

approach to avoid bias is the performance of a third test on all samples and not just on the 

discordant results. Most of the selected studies; however, focused on the discordant results. Wolk 

et al. tested nasal specimens using BD GeneOhm MRSA to avoid the drawbacks that are 

associated with discrepant analysis.
41

 The study found Xpert MRSA to be more sensitive 

compared with BD GeneOhm for the study population, but the results were minimally different 

(86.3% [95% CI 80.9% to 90.6%] versus 83.3% [95% CI 77.6% to 88.1%]).
41

  

 

Studies that are associated with HA-MRSA and CA-MRSA were analyzed separately in this 

assessment. One study found differences between health care-associated MRSA strains 

(including acute-care hospital and other health care facilities) and CA-MRSA strains in terms of 

groups at risk, clinical syndromes, antimicrobial resistance, presence of exotoxin (Panton-

Valentine leukocidin toxin), and type of chromosomal element carrying the methicillin-resistant 

gene (SCCmec).
112

 For example, HA-MRSA is linked with an array of infections, such as 

nosocomial pneumonia and wound and surgical site infections, and CA-MRSA is associated with 

specific skin manifestations and severe infections, such as necrotizing pneumonia and fasciitis 

and sepsis.
112

 Moreover, CA-MRSA strains are resistant to β-lactam alone and less resistant to 

other common antibiotics compared with HA-MRSA strains.
112

  

 

There are challenges with systematic reviews of screening test accuracy. Heterogeneity was 

present among studies on HA-MRSA. Studies may have used different thresholds (cut-off 

points) to determine positive and negative test results. Variations may also be due to diverse 

study populations, preparation of specimens, and interpretation of tests results, especially with 

the culture methods. For example, the study populations included patients in the ICU, oncology, 

internal medicine, vascular surgery, or geriatric wards. Also, the results of non-nasal specimens 

are more difficult to interpret using PCR because of the presence of inhibitors. None of the 

screening test accuracy studies described the characteristics of the patients from whom the 

specimens were collected. Other potential sources of variability are study design (crossover 

randomized controlled trial or prospective observational study) and prevalence of MRSA 

colonization (range of 2.62%
30

 to 43.56%
45

). Because of the small number of selected studies 

(seven studies), stratified analyses based on differences in study characteristics to measure the 

effects of variation were not attempted.
108

 Instead, a random effects model was used to calculate 

the summary estimates for TPR and FPR from multi-site specimens compared with nose 

specimens.  

 

Fourteen Canadian and international guidelines on MRSA screening among hospitalized patients 

were included in the assessment. Nine of these guidelines based their recommendations on 

evidence published in the scientific literature. Recommendations centred on the timing of 
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screening (for example, at hospital admission), patient populations to be tested (for example, 

patients at increased risk of MRSA), and anatomical site of swab sampling (for example, anterior 

nares, skins lesions). Overall, the guidelines recommended targeted MRSA screening at hospital 

admission for patient populations who are at greater risk of MRSA. One guideline recommended 

universal screening, but it acknowledged that this approach is limited by resource availability.
58

 

Risk factors for colonization with an antimicrobial-resistant microorganism (for example, 

MRSA) are patient-related (for example, age and disease severity), hospital-related (for example, 

length of stay), and treatment-related (for example, receipt of antimicrobials).
113

 Although 

several guidelines listed the available screening tests for MRSA, none recommended a method. 

The quality of the guidelines varied according to the scores calculated using the AGREE 

Instrument. For instance, all guidelines scored above 50% for scope and purpose, but one 

guideline
53,66

 scored more than 50% in rigour and development (score equals 64). Nine 

guidelines were evidence-based, but five did not indicate how the literature was reviewed. The 

remaining guidelines did not discuss how the recommendations were developed, so they must be 

interpreted with care.  

 

7.1.2 Health services impact  

The potential benefits of using PCR may be negated by subsequent failures in infection control.
29

 

The selection of the optimal MRSA screening method is part of the management of 

communicable diseases, where the focus on community interests should not discount the 

importance of the individual. “Public health perspective requires thinking about the appropriate 

balancing of individual rights against community and population interests.”
76

 Utilitarianism 

should not take precedence over ethical principles such as beneficence, nonmaleficence, justice, 

and equity. PCR may be classified as a complex technology that may induce stress and 

ergonomic discomfort. Its accuracy is a concern, because the performance flaws may have 

harmful consequences for patients falling in the margin of error as they may receive 

inappropriate health care. The well-being of patients and health care workers is of paramount 

importance in decision-making.  

 

7.2 Strengths and Weaknesses of This Assessment 

This report assessed the clinical effectiveness and screening test accuracy of using PCR 

compared with chromogenic agar for HA-MRSA and CA-MRSA based on the evidence. The 

pooled summary estimates of sensitivity and specificity provide insight on the performance of 

PCR for HA-MRSA and CA-MRSA screening. Canadian and international guidelines were 

evaluated based on specific criteria.  

 

There are limitations to our research. There was a paucity of studies that compare the use of PCR 

with chromogenic agar for MRSA screening from a clinical perspective. The overall quality of 

the studies was poor, especially in internal validity. Therefore, the strength of the clinical 

effectiveness and screening test accuracy data is limited to that of the available evidence.  

 

Two studies were restricted to patients who were colonized or infected with MRSA in the 

previous 12 months, increasing the risk of overestimating the diagnostic screening results and the 

PPV and NPV.
45,46

 One study measured MRSA screening in a pediatric population.
47

 Studies that 
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measured the impact of using PCR among low-risk patients were not identified. One prospective 

study contrasted pediatric and adult CA-MRSA and HA-MRSA isolates.
114

 The authors 

concluded that adults with CA-MRSA are more likely to be resistant to most of the non-β-lactam 

antimicrobial drugs compared with children (P < 0.001). The rate of antimicrobial drug 

resistance was similar in adult and pediatric HA-MRSA isolates, 72 hours after hospital 

admission (P = 0.35).
114

  

 

A formal assessment of publication bias among selected screening test accuracy studies was not 

performed for this study. It is a challenge to measure publication bias, because there is no 

equivalent to a funnel plot for diagnostic or screening test accuracy studies,
32

 and these studies 

are generally conducted without an ethical review or a trial registration.
50

 Our literature search 

strategy was comprehensive, reducing the risk of bias.  

 

7.3 Generalizability of Findings 

The clinical review provides limited evidence on the clinical effectiveness and performance 

characteristics of using PCR for MRSA screening among hospitalized patients based on the number 

and quality of studies that were identified. The amount of evidence is more limited for CA-MRSA 

and for Xpert MRSA. High-risk populations were studied, and one study included a pediatric 

population. An assessment of Canadian and international guidelines with recommendations on 

MRSA screening was performed.  

 

7.4 Knowledge Gaps  

Future research can examine the degree to which the performance characteristics of using PCR 

for MRSA screening will affect patient treatment (for example, quality of care) and treatment 

outcomes in the adult and pediatric populations. Based on the limited evidence, the clinical 

effectiveness and screening test accuracy of using PCR for CA-MRSA remain unclear. More 

studies on CA-MRSA would provide insight on the impact of using PCR.  

 

The evidence is vague on the influence of MRSA screening on the MRSA transmission rates 

when the use of PCR is compared with other infection control strategies (for example, hand 

hygiene, environmental screening, and barrier precautions) or changes in infection control 

policies. Although behaviours are challenging to measure, future studies may offer more 

comprehension about the optimal infection control strategy for MRSA in a hospital.  

 

 

8  CONCLUSIONS 

MRSA infection is an increasing problem in hospitals across Canada. The clinical review of this 

HTA found lower MRSA colonization, infection, and transmission rates between screenings with 

PCR and chromogenic agar, although the 95% CIs included the value of 1 in some instances. The 

turnaround time and number of isolation days were lower for PCR compared with chromogenic 

agar. The use of BD GeneOhm MRSA and Xpert MRSA showed high accuracy rates compared 

with chromogenic agar. Several Canadian and international guidelines recommend MRSA 
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screening for high-risk patient populations in a hospital, and many individual and societal ethical 

issues require consideration by health care institutions that conduct MRSA screening.  
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APPENDIX 1: LITERATURE SEARCH STRATEGY  

OVERVIEW  

Interface: Ovid SP 

Databases: Ovid Medline In-Process & Other Non-Indexed Citations and Ovid Medline 

EMBASE 

BIOSIS Previews 

EBM Reviews: Health Technology Assessment 

EBM Reviews: Cochrane Database of Systematic Reviews 

EBM Reviews: Cochrane Central Register of Controlled Trials 

EBM Reviews: Database of Abstracts of Reviews of Effects (DARE) 

Clinical and Guidelines components only (not Ethical): 

Cumulative Index to Nursing & Allied Health Literature 

Note: Subject headings have been customized for each database. Duplicates between databases 

were removed in Ovid.  

Date of 

Search: 

Original search: October 31, 2008. 

Updated search: October 5, 2011. 

Alerts: Monthly search updates ran until January 1, 2012. 

As of January 2009, CINAHL transferred from the OvidSP platform to EBSCOhost. CINAHL 

searches were re-run in EBSCOhost to continue alerts.  

Study Types: Clinical component: not limited by study methodology.   

Practice guidelines, health planning guidelines, clinical protocols, policies, and other guidelines. 

Ethics and legal literature. 

Limits: Publication years from January 1, 1993 to October 5, 2011. Humans (non-animal). No language 

limits. 

SYNTAX GUIDE  

/ At the end of a phrase, searches the phrase as a subject heading 

.sh At the end of a phrase, searches the phrase as a subject heading 

MeSH Medical Subject Heading 

fs Floating subheading  

exp Explode a subject heading 

* Before a word, indicates that the marked subject heading is a primary topic;  

or, after a word, a truncation symbol (wildcard) to retrieve plurals or varying endings 

# Truncation symbol for one character 

? Truncation symbol for one or no characters only 

ADJ# Requires words are adjacent within # number of words (in any order) 

.ti Title 

.ab Abstract 
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.hw Heading Word; usually includes subject headings and controlled vocabulary   

.pt Publication type 

.rn CAS registry number 

use b9o89 Limit search line to the Biosis Previews database 

use cctr      "                            Cochrane Central Register of Controlled Trials 

  

use clhta      "                            Cochrane Library Health Technology Assessment 

use coch      "                            Cochrane Database of Systematic Reviews 

use dare      "                            Database of Abstracts of Reviews of Effects 

use emed      "                            EMBASE 

use 

nursing 

     "                            CINAHL 

use prem      "                            MEDLINE In-Process & Other Non-Indexed Citations 

Multidatabase search for Clinical and Guideline Results 

MRSA Concept 

1. Methicillin Resistance/  

2. (methicillin resistan* or meticillin resistan*).ti,ab,hw.  

3. or/1-2 

4. Staphylococcus aureus/  

5. exp Staphylococcal Infections/  

6. Staphylococcus Infection/  

7. (Staphylococcus aureus or "S. aureus" or "S.aureus" or Micrococcus aureus or Micrococcus 

pyogenes or "M. aureus" or "M.aureus" or "M. pyogenes" or "M.pyogenes").ti,ab,hw 

8. or/4-7 

9. Methicillin Resistant Staphylococcus Aureus/ 

10. (MRSA or HAMRSA or CAMRSA or EMRSA).ti,ab,hw. 

11. (EMRSA15 or EMRSA16 or MRSA252 or EMRSA17).ti,ab,hw 

12. (mecA AND (gene? or genotyp* or detect* or identif*)).ti,ab,hw 

13. or/9-12 

14. 13 or (3 and 8) 

Polymerase Chain Reaction (PCR) Concept 

15. Polymerase Chain Reaction/  

16. Real Time Polymerase Chain Reaction/ 

17. (PCR* or polymerase chain reaction*)).ti,ab,hw 

18. (GeneOhm or GeneXpert or SmartCycler or LightCycler or TaqMan or ABI Prism or ABPrism 

or StepOne or StepOnePlus or ICycler or Engine Opticon or Corbett Rotorgene or Rotor 

Gene).ti,ab,hw 

19. or/15-18 

Results for Clinical Component (all study types) on PCR for MRSA 

20. 14 and 19 

21. exp animal/ or exp animals/ or exp animal experimentation/ or exp models animals or exp 

vertebrate/ 

22. human/ or humans/  

23. 21 not 22 

24. 20 not 23 

25. Set publication date limit: 1993-2008 [changed to current date for search updates] 

26. Remove duplicates  
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Diagnosis and Screening Concept 

27. exp Mass Screening/ use prem,prem,nursing,clhta,dare,cleed,cctr,coch 

28. exp Diagnosis/ use prem,prem,prem,emed,nursing,clhta,dare,cleed,cctr,coch 

29. exp Screening/ use emed 

30. screening.ti,ab,hw 

31. diagnos*.ti,ab,hw,fs 

32. (test or tests or testing).ti,ab 

33. or/27-32 

Filter: Guidelines 

34. Guidelines as topic/ use prem,clhta,dare,cleed,cctr,coch 

35. Health Planning Guidelines/ use prem,clhta,dare,cleed,cctr,coch 

36. Practice Guidelines as Topic/ use prem,clhta,dare,cleed,cctr,coch 

37. Clinical Protocols/ use prem,clhta,dare,cleed,cctr,coch 

38. (Guideline OR Practice Guideline OR Consensus Development Conference).pt use 

prem,clhta,dare,cleed,cctr,coch 

39. Standards.fs use prem,clhta,dare,cleed,cctr,coch 

40. Practice Guideline/ use emed 

41. Clinical Practice/ use emed 

42. Clinical Protocols/ use emed 

43. Health Care Planning/ use emed 

44. Practice guidelines/ use nursing 

45. exp Protocols/ use nursing 

46. practice guidelines.pt. OR protocol.pt. OR critical path.pt. OR care plan.pt. OR standards.pt. 

use nursing 

47. (guideline* OR standards OR best practice).ti  

48. (guideline* OR standards OR best practice).hw use b8089 

49. (expert consensus OR consensus statement OR consensus conference*  OR practice 

parameter* or position statement* OR policy statement* OR CPG OR CPGs).ti,ab 

50. (expert consensus OR consensus statement OR consensus conference*  OR practice 

parameter* or position statement* OR policy statement* OR CPG OR CPGs).hw use b8089 

51. or/34-50 

Results for Question 4: Guidelines for MRSA diagnosis and screening 

52. 14 and 33 and 51 

53. exp animal/ or exp animals/ or exp animal experimentation/ or exp models animals or exp 

vertebrate/ 

54. human/ or humans/  

55. 53 not 54 

56. 52 not 55 

57. Set publication date limit: 1993-2008 [changed to current date for search updates] 

58. Remove duplicates 

Supplemental Ethical and Legal Issues Search 

Ethical and Legal Issues 

1. Ethics/ 

2. exp Ethics/ use prem,clhta,dare,cleed,cctr,coch 

3. *Jurisprudence/ 

4. exp Jurisprudence/ use prem,clhta,dare,cleed,cctr,coch 

5. *Legal aspect/ 

6. exp Legal aspect/ use prem,clhta,dare,cleed,cctr,coch 

7. *Privacy/ 

8. exp Privacy/ use prem,clhta,dare,cleed,cctr,coch 
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9. *Prejudice/ 

10. Prejudice/ use prem,clhta,dare,cleed,cctr,coch 

11. ethics.fs. 

12. "legislation & jurisprudence".fs. 

13. (ethic or ethics or ethical or moral* or bioethic*).ti,ab. 

14. (ethic or ethics or ethical or moral* or bioethic*).hw. use b9o89 

15. (legal* or liabilit* or litigation or constitutional or justice or law or laws).ti,ab. 

16. (legal* or liabilit* or litigation or constitutional or justice or law or laws).hw. use b9o89 

17. (lawsuit* or lawyer* or lawmaker*).ti,ab. 

18. human right*.ti,ab. 

19. (prejudice* or stigma or stigmas or inequalit* or fairness).ti,ab. 

20. ((care or treatment) adj2 (duty or obligat*)).ti,ab. 

21. (social* adj (responsibl* or obligat*)).ti,ab. 

22. (communitarian* or beneficence or nonmaleficence or non-maleficence or accountability).ti,ab. 

23. harm.ti,ab. 

24. (distributive justice or precautionary principle or solidarity or equity).ti,ab. 

25. (isolation adj (precaution* or preemptive)).ti,ab. 

26. quarantine*.ti,ab. 

27. (privacy or private or confidential*).ti,ab. 

28. (privacy or private or confidential*).hw. use b9o89 

29. (informed adj2 (consent or decision making)).ti,ab. 

30. (screening and consent).ti,ab. 

31. autonomy.ti,ab. 

32. transparency.ti,ab. 

33. or/1-32 

34. exp animal/ or exp animals/ or exp animal experimentation/ or exp models animals/ or exp 

vertebrate/ 

35. human/ or humans/ 

36. 34 not 35 

37. 33 not 36 

MRSA Concept 

38. *Methicillin Resistance/ 

39. Methicillin Resistance/ use prem,clhta,dare,cleed,cctr,coch 

40. (methicillin resistan* or meticillin resistan*).ti,ab. 

41. (methicillin resistan* or meticillin resistan*).hw. use b9o89 

42. or/38-41 

43. *Staphylococcus aureus/ 

44. Staphylococcus aureus/ use prem,clhta,dare,cleed,cctr,coch 

45. *Staphylococcal Infections/ 

46. exp Staphylococcal Infections/ use prem,clhta,dare,cleed,cctr,coch 

47. *Staphylococcus Infection/ 

48. (Staphylococcus aureus or "S. aureus" or "S.aureus" or Micrococcus aureus or Micrococcus 

pyogenes or "M. aureus" or "M.aureus" or "M. pyogenes" or "M.pyogenes").ti,ab. 

49. (Staphylococcus aureus or "S. aureus" or "S.aureus" or Micrococcus aureus or Micrococcus 

pyogenes or "M. aureus" or "M.aureus" or "M. pyogenes" or "M.pyogenes").hw. use b9o89 

50. or/43-49 

51. 42 and 50 

52. *Methicillin Resistant Staphylococcus Aureus/ 

53. Methicillin Resistant Staphylococcus Aureus/ use prem,clhta,dare,cleed,cctr,coch 

54. (MRSA or HAMRSA or CAMRSA or EMRSA or EMRSA15 or EMRSA16 or MRSA252 or 

EMRSA17).ti,ab. 
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55. (MRSA or HAMRSA or CAMRSA or EMRSA or EMRSA15 or EMRSA16 or MRSA252 or 

EMRSA17).hw. use b9o89 

56. or/52-55 

Results for Question 5, part A: Ethics and Legal Literature on MRSA 

57. 56 or 51 

58. 57 and 37 

59. Set publication date limit: 1993-2008 

60. Remove duplicates 

Multiple drug resistance concept 

61. *Drug Resistance, Multiple/ 

62. exp Drug Resistance, Multiple/ use prmz 

63. *Multidrug Resistance/ 

64. Multidrug Resistance/ use prmz 

65. (multiresistan* multidrug resistan* or multiple drug resistan* or multiple resistan*).ti,ab. 

66. (multiresistan* multidrug resistan* or multiple drug resistan* or multiple resistan*).hw. use 

b9o89 

67. ((multiple or multi*) adj2 (antibiotic* or antimicrobial* or antifungal*) adj2 resistan*).ti,ab. 

68. (superbug* or super bug*).ti,ab. 

69. or/61-68 

70. *Infection Control/ 

71. exp Infection Control/ use prmz 

72. *Disease Transmission, Infectious/ 

73. exp Disease Transmission, Infectious/ use prmz 

74. *Disease Transmission/ 

75. "prevention & control".fs. 

76. transmission.fs. 

77. (control* adj5 (infection* or transmission*)).ti,ab. 

78. (prevention or preventive or prophylaxis).ti,ab. 

79. or/70-78 

Results for Question 7, part B: Ethics Literature on Control of Multidrug Resistance 

80. 69 and 79 and 37 

81. Set publication date limit: 1993-2008 [changed to current date for search updates] 

82. Remove duplicates 

 

 

OTHER DATABASES 

PubMed Same MeSH, keywords, limits, and study types used as per Medline search, with appropriate 

syntax used. 

To filter the search to results not in OvidSP Medline, the results were limited using 

publisher[sb], or to in process items from the last three days.  
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GREY LITERATURE AND HAND SEARCHES 
 

Dates for Search: October 2008; updated October 2011 

Keywords: Terms for the concepts of MRSA and PCR 

 

The following sections of the CADTH grey literature checklist, “Grey matters: a practical tool for 

evidence-based searching” (http://www.cadth.ca/resources/grey-matters) were searched: 

 

 Health Technology Assessment Agencies 

 Health Economic 

 Clinical Practice Guidelines 

 Databases (free) 

 Internet Search 

 

http://www.cadth.ca/resources/grey-matters
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APPENDIX 2: DATA EXTRACTION AND QUALITY 
ASSESSMENT FORM FOR CLINICAL EFFECTIVENESS 
STUDIES 

EXTRACTOR’S NAME:  
Study 

First author, year of publication, (RefID)  

Study Characteristics 

Objective  

Patient Population  

Publication type  

Sponsor  

Countries  

Number of centres  

Study setting  

Number of beds  

Study design  

Gold standard  

Location(s) of swabbed  

Comparison arms  

Description of intervention and comparator 

(technologies) 

 

Number of patients assigned   

Number of withdrawals   

Patient baseline characteristics 

Comparison arms  

Inclusion  

Exclusion  

Age (years), mean ± SD  

Gender, male/female (%)  

Comorbidity index (mean)  

Number of hospitalizations and re-admissions  

Hospital stay (days)  

Outcomes 

Comparison arms  

Number of patients considered for outcomes   

Clinical Outcomes 

MRSA carrier detection rate at admission   

Outpatient visit  

Hospital admission  

Time from screening to notification, median (IQR), h  

Patients with any type of nosocomial MRSA infection, 

number (%) 

 

Total incidence per 1,000 patient-days  

Ward of infected patients by subspecialty (number)  

Orthopedics  

Cardiovascular and thoracic surgery  
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Neurosurgery  

Abdominal surgery  

Urology  

Other  

Total number of MRSA infections  

Sites of MRSA infection (number)  

Surgical   

Urinary tract  

Respiratory tract  

Bacteremia  

Other  

Rate of surgical site infections due to MRSA/surgical 

interventions X 100 

 

Patients with nosocomial MRSA acquisition  

Incidence of nosocomial MRSA acquisition per 1,000 

patient-days 

 

Cost data  

Comparison arms-admitted patients screened (number)  

Hospital stay cost  

Unit cost  

Nursing time for specimen collection  

PCR test  

PCR test + broth enrichment  

CHROMOagar  

CHROMOagar + broth enrichment  

Laboratory costs  

Positive culture result  

Negative culture result  

PCR testing  

Cost of contact precautions  

Nursing time (per day)  

Supplies, per day  

Private room, per day  

Blocked bed, per day  

Housekeeping, total  

Infection control time, total  

Total cost  

Contact precautions  

Overall  

Per day  

MRSA control  

Overall  

Per patient  

Cost per infection  

Cost per patient  

Cost per day of contact precautions  
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Downs and Black Checklist
25

 

Item Yes No Unable to 

determine 

Comments 

Reporting 

1. Is the hypothesis, aim, objective of the study clearly 

described? 

    

2. Are the main outcomes to be measured clearly 

described in the Introduction or Methods section? 

    

3. Are the characteristics of the patients included in the 

study clearly described? 

    

4. Are the interventions of interest clearly described?     

5. Are the distributions of the principal confounders in 

each group of subjects to be compared clearly 

described? 

    

6. Are the main findings of the study clearly described?     

7. Does the study provide estimates of the random 

variability in the data for the main outcomes? 

    

8. Have all important adverse events (consequences 

directly related to false positive and false negative test 

results) that may be a consequence of the intervention 

been reported?* 

    

9. Have the characteristics of patients lost to follow-up 

been described? 

    

10. Have actual probability values been reported (for 

example, 0.035 rather than <0.05) for the main 

outcomes except where the probability value is less 

than 0.001? 

    

11. Was the source of funding clearly stated?†     

External validity     

12. Were the subjects asked to participate in the study 

representative of the entire population from which they 

were recruited? 

    

13. Were those subjects who were prepared to 

participate representative of the entire population from 

which they were recruited? 

    

14. Were the staff, places and facilities where the 

patients were treated, representative of the treatment the 

majority of patients receive? 

    

Internal validity-bias     

15. Was an attempt made to blind study subjects to the 

intervention they have received? 

    

16. Was an attempt made to blind those measuring the 

main outcomes of the intervention? 

    

17. If any of the results of the study were based on 

“data dredging”, was this made clear? 

    

18. In trials and cohort studies, do the analyses adjust 

for different lengths of follow-up of patients, or in case-

control studies, is the time period between the 

intervention and outcome the same for cases and 

controls? 
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Downs and Black Checklist
25

 

Item Yes No Unable to 

determine 

Comments 

19. Were the statistical tests used to assess the main 

outcomes appropriate? 

    

20. Was compliance with the intervention(s) reliable?     

21. Were the main outcome measures used accurate 

(valid and reliable)? 

 

    

Internal validity-confounding (selection bias)     

22. Were the patients in different intervention groups 

(trials and cohort studies) or were the cases and controls 

(case-control studies) recruited from the same 

population?  

    

23. Were study subjects in different intervention groups 

(trials and cohort studies) or were the cases and controls 

(case-control studies) recruited over the same period of 

time? 

    

24. Were study subjects randomized to intervention 

groups? 

    

25. Was the randomized intervention assignment 

concealed from both patients and health care staff until 

recruitment was complete and irrevocable?  

    

26. Was there adequate adjustment for confounding in 

the analysis from which the main findings were drawn? 

    

27. Were losses of patients to follow-up taken into 

account? 

    

Power     

28. Did the study have sufficient power to detect a 

clinically important effect where the probability value 

for a difference being due to chance is less than 5%? 

    

* Question was modified for screening tests technology 

† Question was added to the quality assessment tool 
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APPENDIX 3: INCLUDED STUDIES FOR CLINICAL 
REVIEW 

 

 

 

2,108 citations identified from 

electronic search and screened 

290 potentially relevant reports 

retrieved for scrutiny (full text, if 

available) 

1,818 citations 

excluded 

0 potentially relevant 

reports retrieved from 

other sources (grey 

literature) 

290 potentially 

relevant reports 

reviewed 

275 reports excluded: 

• wrong comparator (87) 

• wrong study population 

(15) 

• wrong interventions (47) 

• wrong outcomes (15) 

• other (for example, 

abstract only, review, 

duplicate) (111) 

15 reports included in review: 

• 4 reports addressing Q1 

• 8 reports addressing Q2 

• 2 reports addressing Q1&2 

• 1 report addressing Q3 
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APPENDIX 4: EXCLUDED CLINICAL STUDIES  

Wrong intervention 

Gilbert M, MacDonald J, Louie M, Gregson D, Zhang K, Elsayed S, et al. Prevalence of USA300 colonization 

or infection and associated variables during an outbreak of community-associated methicillin-resistant 

Staphylococcus aureus in a marginalized urban population. Can j infect dis med microbiol 2007;18(6):357-62. 

Available: http://www.pubmedcentral.nih.gov/picrender.fcgi?artid=2533574&blobtype=pdf. 

 

Strandén AM, Frei R, Adler H, Flückiger U, Widmer AF. Emergence of SCCmec type IV as the most common 

type of methicillin-resistant Staphylococcus aureus in a university hospital. Infection 2009;37(1):44-8. Epub 

2008 Oct 30.  

 

Thomas L, van HS, O' SM, Kyme P, Iredell J. Failure of the BD GeneOhm(R) StaphS/R assay for Australian 

MRSA strains: duplex assays remain the 'gold standard' in settings of unknown SCCmec epidemiology. J Clin 

Microbiol 2008. 

Soloaga R, Procopio A, Aguilar J, Dutrueul A, Labat R, Dominguez M, et al. Comparación de diferentes 

métodos para la detección de resistencia a meticilina en Saphylococcus aureus. Revista Argentina de 
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APPENDIX 5: CLINICAL EFFECTIVENESS STUDIES 

First 
author, 
country  

Number 
of 
centres; 
sponsor 

Study 
design 

Patient 
characteristics 
(Number of 
patients) 

Study 
duration 

Description of 
comparison arms 

Pofhal, 

US
26

 

1 tertiary 

care 

hospital of 

761 beds; 

none 

Prospective, 

cohort study 

5,094 patients 

undergoing 

surgical infection 

prevention 

project 

procedures;  

Targeted 

screening 56,835 

operations; 

Universal 

screening 35,778 

operations 

Period 1 

(targeted 

screening) 

January 1, 

2004; 

Period 2 

(universal 

screening) 

February 

15, 2007); 

End date of 

each study 

period not 

reported.  

Period 1: High-risk 

patients for MRSA 

carriage screened on 

admission and placed in 

contact precaution before 

test results notification. 

MRSA screening test 

method for this phase not 

specified. 

Period 2: All admissions 

screened for MRSA using 

BD GeneOhm, and 

patients placed in contact 

precaution before 

notification of test results. 

Positive test results 

confirmed with culture-

based methods. 

Hardy, 

UK
31

  
1 teaching 

hospital of 

1,200 

beds; 

industry 

Prospective, 

cluster 2-

period cross-

over trial 

10,934 patients 

admitted to 1 

study ward for 

>24 hours, 

13,952 patient 

ward episodes 

(each ward 

admission for 

same patient 

counted. 

1,270 (9.1%) 

PWE excluded 

from study 

analysis. [32 

(0.2%) had no 

sample taken at 

admission and 

1,238 (8.8%) had 

no sample taken] 

January 

2005 to 

April 2007 

(2-month 

pilot period, 

two 8-

month 

crossover 

periods, and 

1-month 

follow-up 

of study 

patients) 

Control arm: 

chromogenic agar 

(MRSA ID; Biomerieux, 

Marcy, l’Étoile, France)  

Intervention arm: BD 

GeneOhm MRSA (BD 

Diagnostics-GeneOhm, 

San Diego, CA, USA); 

Where discrepant results 

occurred between 

chromogenic agar and 

PCR, samples placed in 

broth enrichment and 

sub-cultured on 

chromogenic media. 

Aldeyab, 

UK
29

   
1 hospital; 

none 
Cluster 

crossover 

trial 

Not reported Phase 1: 

October 

2006 to 

January 

2007; 
Phase 2: 

Phase 1: Patients in 

surgical ward screened 

using IDI-MRSA assay 

(BD GeneOhm, Oxford, 

UK), and patients in 

medical-oncology ward 
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First 
author, 
country  

Number 
of 
centres; 
sponsor 

Study 
design 

Patient 
characteristics 
(Number of 
patients) 

Study 
duration 

Description of 
comparison arms 

February 

2007 to 

May 2007  
2-week 

washout 

period 

between 

phases 

screened using 

chromogenic agar 

(MRSA-ID);* 
Phase 2: Both wards 

switched screening 

methods* 

Robicsek

, US
27

   
3-hospital 

organiz-

ation; 

honoraria 

from 

industry 

Prospective, 

cohort study 
No active 

surveillance (no 

screening) 

39,521; 
ICU surveillance 

40,392; 
Universal 

surveillance 

73,427 

August 

2003 to 

April 2007  

Period 1: Routine 

surveillance of MRSA 

did not occur; 
Period 2: Nasal 

surveillance for MRSA 

colonization in ICU 

admissions using in-

house screening 

method**; 
Period 3: Nasal 

surveillance for MRSA 

colonization in all 

hospital admissions on 

day 1 using BD 

GeneOhm 
Jeyaratna

m, UK
28

   
1 hospital 

(2 sites); 

govern-

ment 

Cluster 

randomized 

unblinded, 

crossover 

trial 

9,608 patients 

admitted to study 

wards, and 6,888 

patients had full 

data and were 

eligible 

January 

2006 to 

March 2007 

(3-month 

baseline 

period, 5-

month 

intervention 

period, 1-

month 

washout 

period, and 

5-month 

intervention 

period) 

Control arm: swabs taken 

on admission with culture 

only;  
Intervention arm: 1 swab 

used BD GeneOhm 

MRSA assay, and another 

swab used culture; 
Culture method: swabs 

cultured in selective broth 

and after May 2006, 

combined with 

Chromagar (Oxoid, 

Basingstoke, UK)  

Jog, 

UK
30 

1 hospital; 

none 
Prospective, 

cohort study 
1,462 patients 

admitted for 

cardiac surgery 

October 

2004 to 

September 

2006 

Control arm: chromID 

MRSA agar (bioMérieux, 

Marcy l’Étoile, France) 

and enrichment culture 

performed after assay 

procedure. For broth 

enrichment, swabs 

incubated overnight in 
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First 
author, 
country  

Number 
of 
centres; 
sponsor 

Study 
design 

Patient 
characteristics 
(Number of 
patients) 

Study 
duration 

Description of 
comparison arms 

trypic soy broth 

containing 6.5% NaCl at 

35
o
C before subculture on 

chromID MRSA and 5% 

sheep blood agar (Oxoid, 

Basingstoke, UK) with 

1μg oxacillin disc. 
Intervention arm: Gene 

Ohm MRSA Test (Becton 

Dickinson, New Jersey 

USA) run on Cepheid 

Smart Cycler. 
ICU=Intensive Care Unit  

*All swabs were also inoculated into Robertson’s cooked meat broth, incubated at 35
o
C for 18h to 24h and were 

then subcultured on MRSA-ID. 

** Only the universal and no active surveillance arms were examined based on the selection criteria for the clinical 

review. 
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APPENDIX 6: FINDINGS OF CLINICAL 
EFFECTIVENESS STUDIES 

First author Main study findings 

MRSA colonization 

Hardy
31

  PCR=266 PWE (4.4%) MRSA positive on admission versus chromogenic agar=187 

PWE (2.8%) 

 PCR=111 PWE (1.9%) acquired MRSA compared with chromogenic agar=157 

PWE (2.4%) 

 MRSA acquisition rate for chromogenic agar versus PCR = Rate ratio 1.49; 95% CI: 

1.115 to 2.003 

Aldeyab
29

  Surgical ward PCR=20.0⁄1,000 bed-days versus chromogenic agar=22.1⁄1,000 bed-

days (unable to calculate 95% CI based on data reported in original study) 

 Medical-cardiology ward PCR=11.8⁄1,000 bed-days versus chromogenic 

agar=20.3⁄1,000 bed-days (unable to calculate 95% CI based on data reported in 

original study) 

 Surgical ward PCR=6.8 (range 3.6 to 15) average monthly cases of MRSA⁄100 

patient-admissions versus chromogenic agar=7.3 (range 5.4 to 9.3)  

 Medical ward PCR=7.3 (range 6.1 to 9.8) average monthly cases of MRSA⁄100 

patient-admissions versus chromogenic agar=9.0 (range 3.3 to 12.2) 

Jeyaratnam
28

  Number of patients who acquired MRSA 2.8% (99) (95% CI: 2.26 to 3.34) for PCR 

and 3.2% (108) (95% CI: 2.6 to 3.79) for chromogenic agar  

 PCR=4.4 acquisition rate⁄1,000 patient-days versus chromogenic 

agar=4.9acquisition rate⁄1,000 patient-days (unable to calculate 95% CI based on 

data reported in original study) 

 Incidence rate ratio 0.90; 95% CI: 0.69 to 1.2 

 Adjusted odds ratio 0.91; 95% CI: 0.61 to 1.34 

MRSA infection 

Pofhal
26

  Targeted screening (screening method not specified)=0.23 per 100 procedures 

versus universal screening with PCR=0.09 per 100 procedures 

 Targeted screening among patients undergoing orthopaedic procedures=0.3 per 100 

procedures versus universal screening with PCR among patients undergoing 

orthpedic procedures=0.00 per 100 procedures 

 Proportion of MRSA SSI in targeted screening group=11.6% (numerator and 

denominator not reported) versus proportion of MRSA SSI in universal screening 

group=7.1% 

Robiscek
27

  Baseline (no surveillance)=8.9 MRSA infections⁄10,000 patient-days (95% CI: 7.6 

to 10.4) versus universal surveillance=−5.0 MRSA infections⁄10,000 patient-days 

(95% CI: −6.6 to −3.5) 

 Change in MRSA infections from baseline to universal surveillance=−69.6% (95% 
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First author Main study findings 

CI: −89.2% to −19.6%) 

 Change in MRSA bacteremia from baseline to universal surveillance=1.1 per 10,000 

patient-days (95% CI: −1.9 to −0.2) 

Jeyaratnam
28

  PCR=21 patients with MRSA wound infections versus chromogenic agar=22 (OR 

0.91; 95% CI: 0.48 to 1.7)  

 PCR=1 patient with MRSA wound infections versus chromogenic agar=2 (OR 0.49; 

95% CI: 0.01 to 9.1)  

Jog
30

  12-months before MRSA screening=3.30% SSI rate versus12-months post MRSA 

screening=2.22% SSI rate (unable to calculate 95% CI based on data reported in 

original study) 

MRSA transmission rate 

Jeyaratnam
28

  PCR=0.33 versus chromogenic agar 0.36 (incidence rate ratio 0.85; 95% CI: 0.64 to 

1.12) 

Turnaround time from admission to results telephoned 

Hardy 
31

  PCR=0.9 days mean time versus chromogenic agar=3.3 days (unable to calculate 

95% CI based on data reported in original study) 

Aldeyab
29

  Surgical ward PCR=19.3 hours median time interval (IQR 13.8 to 23) versus 

chromogenic agar 51.8 hours (IQR 44.4 to 69) 

 Medical-cardiology ward PCR=22.7 hours (IQR 19.8 to 23.8) versus chromogenic 

agar=42.2 hours (IQR 40.3 to 69.6) 

Jeyaratnam
28

  PCR=21.8 hours (IQR 17.95 to 25.4)  median turnaround time versus chromogenic 

agar=46.4 hours (IQR 39.1 to 66.1)  

Isolation days 

Jeyarathnam
2

8
 

 PCR=277 inappropriately isolated days versus chromogenic agar=399 (unable to 

calculate 95% CI based on data reported in original study)  

IQR=Inter-quartile range; OR=Odds ratio; PWE=Patient ward episodes; SSI=Surgical site infection
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APPENDIX 7: CONSOLIDATED QUALITY 
ASSESSMENT OF INCLUDED STUDIES USING 
MODIFIED DOWNS AND BLACK CHECKLIST 

Criterion Yes No  Unclear NA 

Reporting     

Objective of study clearly stated 5    

Main outcomes clearly described in the Introduction or Methods 

section 
5    

Characteristics of patients included in study clearly described 3 2   

Interventions of interest clearly stated 4 1   

Distribution of principal confounders in each group of subjects to be 

compared clearly stated 
3 2   

Main study findings clearly described 5    

Estimates of random variability in the data for main outcomes 

provided 
5    

Important adverse events applicable to screening tests reported  5   

Patients lost to follow-up described   5   

Actual probability values for main outcomes when probability value 

<0.01 reported 
5    

Source of funding clearly stated 5    

External validity     

Subjects asked to participate in study representative of entire 

population from which they were recruited 
5    

Subjects who were prepared to participate representative of entire 

population from which they were recruited 
   5 

Staff, places and facilities where patients were treated were 

representative of treatment patients receive 
5    

Internal validity     

Attempt made to blind study subjects to intervention received    5 

Attempt made to blind those measuring main outcomes of intervention    5 

Study results from “data dredging” clearly described 2 3   

Time period between intervention and outcome the same for 

intervention and control groups 
3 2   

Statistical tests used to assess main outcomes appropriate 5    

Compliance with intervention reliable 5    

Main outcome measures used accurate 5    

Internal validity-confounding (selection bias)     

Patients in different intervention groups recruited from the same 

population 
5    

Study subjects in different intervention groups recruited over the same 

period of time 
3 2   

Study subjects randomized to intervention groups 1 3 1  

Randomized intervention assignment concealed from both patients and 

health care staff until recruitment was complete and irrevocable 
  1 4 

Adequate adjustment for confounding in analysis from which main 

findings were drawn 
2 3   

Patient lost to follow-up taken into account 2  3  
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Criterion Yes No  Unclear NA 

Power     

Study had sufficient power to detect a clinically important effect 

where probability value for a difference due to chance <5% 
3 1 2  
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APPENDIX 8: DATA EXTRACTION AND QUALITY 
ASSESSMENT FORM FOR SCREENING TEST 
ACCURACY STUDIES 

Study 

First author, year of publication, (RefID)  

Study Characteristics 

Objective  

Patient population  

Publication type  

Sponsor  

Countries  

Number of centres  

Study setting  

Number of beds  

Study design  

Gold standard  

Location of site cultured  

Comparison arms  

Description of intervention and comparator 

(technologies) 

 

Number of screening swabs   

Number of withdrawals   

Patient baseline characteristics 

Comparison arms  

Inclusion  

Exclusion  

Age (years), mean ± SD  

Gender, male/female (%)  

Comorbidity index (mean)  

Number of hospitalizations and re-admissions  

Hospital stay (days)  

Outcomes 

Comparison arms  

Number of patients considered for outcomes   

Screening Test Accuracy 

Positive/n  

Sensitivity (%)  

Negative/n  

Specificity (%)  

Positive predictive value (%)  

Negative predictive value (%)  

Diagnostic odds ratio  

Likelihood ratio  

Time to detection (h)  

Cost data 

Hospital stay cost  
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Unit cost  

Specimen collection   

PCR test  

PCR test + broth enrichment  

CHROMagar  

CHROMagar + broth enrichment  

Total cost   

PCR test  

PCR test + broth enrichment  

CHROMagar  

CHROMagar + broth enrichment  

Cost per patient  

Cost per isolation  

Cost per infection  

Cost per day of contact precautions  

Quality Assessment of Diagnostic Accuracy Studies (QUADAS)
33

  

Item Yes No Unclear Comments 

1. Was the spectrum of patients representative of the patients who 

will receive the test in practice? 

    

2. Were the selection criteria clearly described?     

3. Was the reference standard clearly described?*     

4. Is the reference standard likely to correctly classify the target 

condition? 

    

5. Is the time period between the reference standard and index test 

short enough to be reasonably sure that the target condition did not 

change between the two tests?  

    

6. Did the whole sample or a random selection of the sample, 

receive verification using reference standard of diagnosis? 

    

7. Did patients receive the same reference standard regardless of the 

index test result? 

    

8. Was the reference standard independent of the index test (the 

index test did not form part of the reference standard)?  

    

9. Was the execution of the index test described in sufficient detail 

to permit its replication? 

    

10. Was the execution of the reference standard described in 

sufficient detail to permit its replication? 

    

11. Were the index test results interpreted without knowledge of the 

results of the reference standard? 

    

12. Were the reference standard results interpreted without 

knowledge of the results of the index test? 

    

13. Were the same clinical data available when test results were 

interpreted as would be available when the test is used in practice?  

    

14. Were uninterpretable or intermediate test results reported?     

15. Were withdrawals (for example, omission of specimen 

collection or mishandling of specimen) from the study explained? 

    

16. Was the source of funding clearly stated? *     

* Questions were added to the quality assessment tool 
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APPENDIX 9: DIRECT COMPARISON BETWEEN PCR AND CHROMOGENIC 
AGAR FOR HA-MRSA 

First 
author, 
country, 
sponsor  

Study 
design, 
evidence 
level40 

Number 
of 
patients / 
Number 
of swabs 

Prevalence 
(based on true 
positive/sampl
e) 

Patient 
population 

Index test(s) Reference 
standard 

Sensitivit
y and 
specificit
y (%) 
(95%CI) 

Positive 
and 
negative 
predictiv
e value 
(%) 
(95%CI) 

Sarda, US, 

NR
47

 

Prospective 

comparison 

to gold 

standard, 4 

(patient 

management

) 

435/1,873 11/435=2.53% Infants 

admitted to 

NICU 

BD GeneOhm 

MRSA 

Columbia 

colistin-

nalidixic acid 

blood agar 

(Remel) and 

BBL 

CHROMagar 

MRSA 

Sensitivity 

100 (71.5 

to 100); 

Specificity 

97.6 (95.7 

to 98.9) 

PPV 52.4 

(29.8 to 

74.3)  

 

NPV 100 

(99.1 to 

100) 

Bischof, US, 

industry
48

 

Prospective 

comparison 

to gold 

standard, 2 

(screening 

test 

accuracy)  

NR/370 

(nasal) 

Part 1 

24/370=6.49%; 

Part 2 

21/300=7.00% 

Surgical 

patients in 

ICU  

Part 1:  

BD GeneOhm 

with 50 

microlitersof 

saline suspension, 

200μl of 

achromopeptidase

, 10 mM Tris-

HCI, 1 mM 

EDTA buffer 

(Sigma-Aldrich, 

St. Louis, MO)  

Part 2:  

BD GeneOhm 

with 200μl or 300 

μl of 

achromopeptidase 

Part 1:  

MRSASelect 

and Spectra; 

Part 2:  

MRSASelect 

 

 

Part 1:  

Sensitivity 

83 (24/29);  

Specificity 

99 

(337/341 

 

Part 2:  

Sensitivity 

91 (21/24); 

Specificity 

99 

(298/301)  

Part 1: 

PPV 86 

(24/28); 

NPV 99 

(337/342); 

 

Part 2: 

PPV 88 

(21/24); 

NPV 99 

(298/300) 
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First 
author, 
country, 
sponsor  

Study 
design, 
evidence 
level40 

Number 
of 
patients / 
Number 
of swabs 

Prevalence 
(based on true 
positive/sampl
e) 

Patient 
population 

Index test(s) Reference 
standard 

Sensitivit
y and 
specificit
y (%) 
(95%CI) 

Positive 
and 
negative 
predictiv
e value 
(%) 
(95%CI) 

Wolk, US, 

industry
41

 

Multi-

centered, 

prospective 

comparison 

to gold 

standard, 2 

(screening 

test 

accuracy) 

1,077/1,07

7 (nasal) 

Results for 

hospitalized 

patients: 

 

Without broth 

enrichment:  

37/344=10.76%; 

With broth 

enrichment: 

33/344=9.59% 

Patients 

included 

individuals in 

inpatient 

tertiary care 

hospitals, 

nursing 

homes, 

transplantatio

n units, and 

health care 

staff 

Xpert™ MRSA 

Assay (Xpert 

MRSA) 

CHROMagar

™ MRSA 

(direct CM-

without broth 

enrichment) 

(Becton 

Dickinson, 

Sparks, MD) 

and 

CHROMagar 

MRSA™ 

(broth-

enriched CM) 

Results for 

hospitalize

d patients: 

 

Without 

broth 

enrichment

:  

(n=344) 

Sensitivity: 

94.3 (80.8 

to 99.3); 

Specificity:  

95.8 (92.9 

to 97.7) 

 

With broth-

enrichment

:  

(n=344) 

Sensitivity: 

88.1 (74.4 

to 96.0); 

Specificity: 

97.0 (94.4 

to 98.6) 

Results for 

hospitalize

d patients: 

 

Without 

broth 

enrichment

:  

PPV 

71.74; 

NPV 99.33 

 

With 

broth-

enrichment

:  

(n=344); 

PPV 

80.43; 

NPV 98.32 

Boyce, 

USA, 

honoraria 

Prospective 

comparison 

to gold 

286/286 

(nasal) 

69/286=24.1% Patients 

admitted to 

surgical and 

BD GeneOhm 

MRSA real-time 

PCR system (BD 

CHROM-agar 

MRSA (C-

MRSA) agar 

100 and 

98.6 

95.8 and 

100 
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First 
author, 
country, 
sponsor  

Study 
design, 
evidence 
level40 

Number 
of 
patients / 
Number 
of swabs 

Prevalence 
(based on true 
positive/sampl
e) 

Patient 
population 

Index test(s) Reference 
standard 

Sensitivit
y and 
specificit
y (%) 
(95%CI) 

Positive 
and 
negative 
predictiv
e value 
(%) 
(95%CI) 

from BD-

GeneOhm 
42

 

standard, 2 

(screening 

test 

accuracy) 

medical 

intensive care 

units and 

hematology-

oncology 

ward 

 

Diagnostics, 

Sparks, MD, 

USA) 

essay (BD 

Diagnostics, 

Sparks MD, 

USA) 

Jog, UK, 

NR
30

 

Prospective 

comparison 

to gold 

standard, 2 

(screening 

test 

accuracy) 

681/681 

(nasal) 

11/420=2.62% Patients 

undergoing 

cardiac 

surgery 

GeneOhm MRSA 

Test (Becton, 

Dickinson, 

Franklin Lakes, 

New Jersey, 

USA) 

chromID 

MRSA agar 

(bioMatérieux, 

Marcy 

l’Étoile, 

France) alone 

and with broth 

enrichment 

84.6 (60.5 

to 97.1) 

and 100 

(99.3 to 

100) 

100 (77.9 

to 100) and 

99.5 (98.4 

to 99.9) 

van Hal, 

Australia, 

NR
46

 

Prospective,  

comparison 

to gold 

standard, 2 

(screening 

test 

accuracy) 

200/198 

(nasal) 

MRSA-ID 

28.28% 

CMRSA 37.37% 

High risk 

patients who 

were known 

to be 

colonized or 

infected with 

MRSA during 

admission to 

hospital in 

preceding 12 

months 

BD GeneOhm 

MRSA assay 

(Becton 

Dickinson 

Diagnostics) 

 

MRSA ID 

(bioMérieux); 

Chromogenic 

MRSA agar 

plate 

(CMRSA; 

Oxoid 

Limited, 

Cambridge, 

UK) 

 

MRSA-ID 

97 and 77; 

CMRSA 97 

and 89 

MRSA-ID 

64 and 98; 

CMRSA 

84.1 and 

98 

Jeyaratnam, 

UK, 

government
2

Cluster 

randomized, 

unblinded  

6,888/4,55

4 (nares, 

axillae, 

195/4,554=4.28% All patients 

admitted to 

elderly, 

BD GeneOhm 

MRSA assay 

(Becton 

MRSA 

Chromagar 

(Oxoid, 

88 and 96 55.1 and 

99.4 
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First 
author, 
country, 
sponsor  

Study 
design, 
evidence 
level40 

Number 
of 
patients / 
Number 
of swabs 

Prevalence 
(based on true 
positive/sampl
e) 

Patient 
population 

Index test(s) Reference 
standard 

Sensitivit
y and 
specificit
y (%) 
(95%CI) 

Positive 
and 
negative 
predictiv
e value 
(%) 
(95%CI) 

8
 crossover 

trial, 5 

(patient 

outcome 

efficacy)  

groin, skin 

breaks, and 

clinically 

indicated 

sites) 

oncology and 

surgery wards  

Dickinson, New 

Jersey USA) 

Basingstoke, 

UK) 

de San, 

Belgium, 

government 

and 

industry
43

 

Prospective 

comparison 

to gold 

standard, 2 

(screening 

test 

accuracy) 

466/1,000 

(nares 522; 

throat 212; 

perineum 

206; skin 

wound 

samples 

60) 

Nasal 6.13%;  

Other 14.32%; 

All 10.03%; 

Patient 10.08% 

Patients in 

high risk 

medicosurgic

al 

departments 

with 

retrospective 

10% carriage 

rate before 

study 

IDI-MRSA assay 

(Infectio 

Diagnostic,  

Sainte-Foy, 

Canada, 

subsidiary of BD 

Diagnostics 

GeneOhm, 

Belgium) 

Selective 

MRSA agar 

(MRSA-ID 

medium; 

bioMérieux) + 

enrichment 

broth; 

Enrichment 

broth only 

Nasal 

(n=522) 

90.6 and 

97.1; 

Other 

samples 

(n=475) 

76.5 and 

96.8; 

All samples 

(n=997) 

81.0 and 

97.0; 

Patients 

(n=466) 

89.4 and 

95.2 

Nasal 

(n=522) 

67.4 and 

99.4; 

Other 

samples 

(n=475) 

80.8 and 

96.1; 

All 

samples (n 

=997) 

75.0 and 

97.9; 

Patients 

(n=466) 

67.7 and 

98.8 

Nguyen 

Van, France, 

NR
44

 

Prospective, 

comparison 

to gold 

standard, 2 

(screening 

test 

508/638 

(nasal) 

7.37% Patients 

entering ICU, 

vascular 

surgery, 

diabetology 

and geriatric 

IDI-MRSA assay 

(InfectioDiagnosti

c Inc, Quebec, 

Canada) 

ORSAB 

(Oxoid, 

Dardilly, 

France; 

CHROMagar 

(CHROMagar 

95.7 and 

96.8 

70 and 

96.6 
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First 
author, 
country, 
sponsor  

Study 
design, 
evidence 
level40 

Number 
of 
patients / 
Number 
of swabs 

Prevalence 
(based on true 
positive/sampl
e) 

Patient 
population 

Index test(s) Reference 
standard 

Sensitivit
y and 
specificit
y (%) 
(95%CI) 

Positive 
and 
negative 
predictiv
e value 
(%) 
(95%CI) 

accuracy) wards Microbiology, 

Paris, France); 

MRSASelect 

(Bio-Rad, 

Marnes, la 

Coquette, 

France) 

van Hal, 

Australia, 

NR
45

 

Prospective 

comparison 

to gold 

standard, 2 

(screening 

test 

accuracy) 

101/205 

(nasal, 

axilla and 

groin) 

Nasal 43.56%; 

Axilla 11.54%; 

Groin 32.69% 

 

High-risk 

patients 

admitted to 

hospital who 

were known 

to be 

previously 

colonized or 

infected with 

MRSA 

IDI-MRSA assay 

(Infectio 

Diagnostics, Inc., 

Sainte-Foy, 

Canada); 

Genotype MRSA 

Direct method 

MRSA ID 

(bioMérieux); 

MRSASelect 

(Bio-Rad 

Laboratories); 

CHROMagar 

MRSA 

(CHROMagar, 

Paris, France) 

Nasal 

(n=101):  

Sensitivity 

99 

Specificity 

84; 

Axilla 

(n=52): 

Sensitivity 

83 

Specificity 

93; 

groin 

(n=52): 

Sensitivity 

97 

Specificity 

97  

Nasal 

(n=101)  

PPV 83; 

NPV 100 

Axilla 

(n=52)  

PPV 62.5; 

NPV 98 

 

Groin 

(n=52) 

PPV 94.4; 

NPV 99.4 

 

 

 

ICU=Intensive care unit; NICU=Neonate intensive care unit; NPV=Negative predictive value; NR=Not reported; PPV=Positive predictive value.



 A-46 

APPENDIX 10: CONSOLIDATED QUALITY 
ASSESSMENT USING QUADAS FOR HA-MRSA 

Item (verbatim) Yes No Unclear 

1. Was the spectrum of patients representative of the patients who will 

receive the test in practice? 

9   

2. Were the selection criteria clearly described? 8 1  

3. Was the reference standard clearly described?* 9   

4. Is the reference standard likely to correctly classify the target condition? 9   

5. Is the time period between the reference standard and index test short 

enough to be reasonably sure that the target condition did not change 

between the two tests?  

9   

6. Did the whole sample or a random selection of the sample, receive 

verification using reference standard of diagnosis? 

8  1 

7. Did patients receive the same reference standard regardless of the index 

test result? 

7 1 1 

8. Was the reference standard independent of the index test (the index test 

did not form part of the reference standard)?  

8  1 

9. Was the execution of the index test described in sufficient detail to permit 

its replication? 

8 1  

10. Was the execution of the reference standard described in sufficient detail 

to permit its replication? 

9   

11. Were the index test results interpreted without knowledge of the results 

of the reference standard? 

  9 

12. Were the reference standard results interpreted without knowledge of 

the results of the index test? 

  9 

13. Were the same clinical data available when test results were interpreted 

as would be available when the test is used in practice?  

9   

14. Were uninterpretable or intermediate test results reported? 7 2  

15. Were withdrawals (for example, omission of specimen collection or 

mishandling of specimen) from the study explained? 

1 8  

16. Was the source of funding clearly stated? * 4 5  
The scores in the Yes, No and Unclear columns represent the number of selected studies that met the criteria.  

 

* Questions were added to the quality assessment tool 
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APPENDIX 11: DIRECT COMPARISON BETWEEN CHROMOGENIC AGAR 
AND PCR FOR CA-MRSA 

First 
author, 
country, 
sponsor 

Study 
design, 
evidence 
level40 

Number 
of 
patients / 
Number 
of swabs 

Prevalence 
(based on true 
positive/sample) 

Patient 
population 

Index 
test(s) 

Reference 
standard 

Sensitivity 
and 
specificity 
(%)(95%CI) 

Positive and 
negative 
predictive 
value 
(%)(95%CI) 

Farley, 

USA, 

government 

and 

industry
51

 

Prospective 

comparison 

to gold 

standard, 2 

(screening 

test 

accuracy) 

602/602 

(nose) 

Without broth 

enrichment: 

77/599=12.85%; 

With broth 

enrichment: 13.52% 

Arrestees BD 

GeneOh

m MRSA 

assay 

with and 

without 

broth 

enrichme

nt (BD 

GeneOh

m, San 

Diego, 

CA, 

USA) 

CHROMag

ar with or 

without 

broth 

enrichment 

(BD 

Diagnostics, 

Sparks, 

MD, USA) 

Sensitivity 

Without 

enrichment: 

88.5 (82 to 

95); 

With 

enrichment: 

89.0 (82 to 

95); 

Specificity 

Without 

enrichment: 

91.0 (89 to 

93); 

With 

enrichment: 

91.7 (0.89 

to0.94) 

PPV  

Without 

enrichment: 62.6 

(54 to 71); 

With enrichment: 

65.9 (57 to 74); 

NPV: 

Without 

enrichment: 97.9 

(96 to 99); 

With enrichment: 

97.9 (97 to 99) 

NPV=Negative predictive value; PPV=Positive predictive value.
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APPENDIX 12: CONSOLIDATED QUALITY 
ASSESSMENT USING QUADAS FOR CA-MRSA 

Item (verbatim) Yes No Unclear 
 

1. Was the spectrum of patients representative of the patients who will 

receive the test in practice? 

1   

2. Were the selection criteria clearly described? 1   

3. Was the reference standard clearly described?* 1   

4. Is the reference standard likely to correctly classify the target condition? 1   

5. Is the time period between the reference standard and index test short 

enough to be reasonably sure that the target condition did not change 

between the two tests?  

1   

6. Did the whole sample or a random selection of the sample, receive 

verification using reference standard of diagnosis? 

1   

7. Did patients receive the same reference standard regardless of the index 

test result? 

1   

8. Was the reference standard independent of the index test (the index test 

did not form part of the reference standard)?  

1   

9. Was the execution of the index test described in sufficient detail to permit 

its replication? 

1   

10. Was the execution of the reference standard described in sufficient detail 

to permit its replication? 

1   

11. Were the index test results interpreted without knowledge of the results 

of the reference standard? 

  1 

12. Were the reference standard results interpreted without knowledge of 

the results of the index test? 

  1 

13. Were the same clinical data available when test results were interpreted 

as would be available when the test is used in practice?  

  1 

14. Were uninterpretable or intermediate test results reported? 1   

15. Were withdrawals (for example, omission of specimen collection or 

mishandling of specimen) from the study explained? 

 1  

16. Was the source of funding clearly stated? * 1   
* Questions were added to the quality assessment tool 
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APPENDIX 13: AGREE INSTRUMENT
52

 

Domain Description 

Scope and purpose  It is concerned with the overall aim of the guideline, the specific 

clinical questions, and the target patient population. 

Stakeholder involvement It focuses on the extent to which the guideline represents the views of 

its intended users. Guideline development should involve all 

stakeholders whose activities are likely to be covered in the proposed 

guideline. This should also include patient groups. 

Rigour of development It relates to the process used to collect and synthesise the evidence, 

the methods to formulate the recommendations and to update the 

guideline. This includes information about the literature searches that 

were carried out, criteria used to select the evidence, and the methods 

used for formulating the recommendations. The recommendations 

should be explicitly linked to the supporting evidence. A guideline 

should be reviewed externally before publication and should contain 

a clear statement about the procedure for updating them. 

Clarity and presentation It deals with the language and format of the guidelines. Because the 

main role of guidelines is to help clinicians and patients make better 

decisions, busy clinicians need simple, patient-specific, user-friendly 

guidelines that are easy to understand. A good guideline presents 

clear information about the management options available and the 

likely consequences of each. 

Applicability It pertains to the likely organizational and cost implications of 

applying the guideline. Guidelines should be feasible to use in the 

current organization of care and must fit in routine practice and the 

time constraints of the jobs. In addition, review criteria should be 

derived from the key recommendations. 

Editorial independence It is concerned with the independence of the recommendations and 

acknowledgement of possible conflict of interest from the guidelines 

development group. An increasing number of guidelines are funded, 

directly or indirectly, by external funding. Those who fund guidelines 

may have a vested interest. There should be an explicit statement that 

the views or interests of the funding body have not influenced the 

final recommendations.  
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APPENDIX 14: INCLUDED ARTICLES IN GUIDELINE 
REVIEW 

 

 

 

557 citations identified from 

electronic search, and screened 

43 potentially relevant reports 

retrieved for scrutiny (full text, if 

available) 

514 citations 

excluded 

42 relevant reports 

retrieved from other 

sources (for example, 

grey literature) 

52 potentially relevant 

reports reviewed 

38 reports excluded: 

• wrong intervention (4) 

• wrong population (10) 

• duplicate (2) 

• foreign language (3) 

• other (for example, 

survey, review) (19) 

 

14 reports included in 

guideline review 

 

33 reports 

excluded 
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APPENDIX 15: EXCLUDED STUDIES FROM 
GUIDELINE REVIEW  

Wrong Intervention 

Guidelines for management of patients with methicillin-resistant Staphylococcus aureus in acute care 

hospitals and long-term care facilities. The MRSA Interagency Advisory Committee in conjunction with 

the Connecticut Department of Public Health and Addiction Services, July 1993. Conn Med 

1993;57(9):611-7. 

Masterton RG, Galloway A, French G, Street M, Armstrong J, Brown E, et al. Guidelines for the 

management of hospital-acquired pneumonia in the UK: Report of the working party on hospital-acquired 

pneumonia of the british society for antimicrobial chemotherapy. J Antimicrob Chemother 2008;62(1):5-

34. 

Bemheisel CR, Schlaudecker JD. An evidence-based algorithm. J Fam Pract 2007;56(9):722-6. 

Hoffken G, Lorenz L, Kern W, Welte T, Bauer T, Dalhoff K, et al. S3-Leitlinie zu ambulant erworbener 

pneumonie und tiefen atemwegsinfektionen. Pneumologie 2005;59(9):612-64. 

 

Wrong Population 

Nathwani D, Morgan M, Masterton RG, Dryden M, Cookson BD, French G, et al. Guidelines for UK 

practice for the diagnosis and management of methicillin-resistant Staphylococcus aureus (MRSA) 

infections presenting in the community. J Antimicrob Chemother 2008;61(5):976-94. 

MRSA protocol for long term care facilities. Colo Med 1994;91(1):32-3. 

Smith PW, Bennett G, Bradley S, Drinka P, Lautenbach E, Marx J, et al. SHEA/APIC guideline: 

Infection prevention and control in the long-term care facility. Infect Control Hosp Epidemiol 

2008;29(9):785-814. 

Hargreaves C. Battling the superbug. Occupational Health 2006;58(4):26-9. 

Guidelines for managing hospital-acquired pneumonia. J Respir Dis 2005;26(6):263-4, 266. 

Guidelines for the management of adults with hospital-acquired, ventilator-associated, and healthcare-

associated pneumonia. Am J Respir Crit Care Med 2005;171(4):388-416. 

Chastre J. Pneumonies nosocomiales: du diagnostic au traitement. Rev Pneumol Clin 2004;60(6 II):5S19-

28. 

Goettsch W, Bronzwaer SLAM, de Neeling AJ, Wale MCJ, ubry-Damon H, Olsson-Liljequist B, et al. 

Standardization and quality assurance for antimicrobial resistance surveillance of Streptococcus 

pneumoniae and Staphylococcus aureus within the European Antimicrobial Resistance Surveillance 

System (EARSS). Clin Microbiol Infect 2000;6(2):59-63. 

Armstrong C. Practice guidelines. IDSA releases guidelines for the diagnosis and treatment of skin and 

soft tissue infections. Am Fam Physician 2006;74(7):1215-8. 

Kluytmans-VandenBergh MFQ, Kluytmans JAJ, Voss A. Dutch guideline for preventing nosocomial 

transmission of highly resistant microorganisms (HRMO). Infection 2005;33(5/6):309-13. 
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Duplicate 

Bissett L. Controlling the risk of MRSA infection: screening and isolating patients. Br J Nurs 

2005;14(7):386-90. 

Joint Working Party British Soc An. Guidelines for the laboratory diagnosis and susceptibility testing of 

methicillin-resistant Staphylococcus aureus (MRSA). J Antimicrob Chemother 2005;56(6):1000-18. 

 

Foreign Language 

Kalenic S, Pal MP, Palcevski VV, Horvatic J, Mestrovic T, Barsic B, et al. Smjernice za prevenciju, 

kontrolu i lijecenje infekcija koje uzrokuje meticilin-rezistentni  Staphylococcus aureus (MRSA) 

[Guidlines for prevention, control and treatment of infections caused by methicillin-resistant 

staphylococcis aureus (MRSA)][croation]. Lijec Vjesn 2008;130(Suppl 1):7-32. 

Froes F, Paiva JA, Amaro P, Baptista JP, Brum G, Bento H, et al. Documento de Consenso sobre 

pnemonia nosocomial [Consensus document on nosocomial pneumonia] [Portugese]. Revista Portuguesa 

de Pneumologia 2007;13(3):419-86. 

De Vos JY, Elseviers M, Harrington M, Zampieron A, Vlaminck H, Ormandy P, et al. Infection control 

practice across Europe: results of the EPD. Edtna erca j 2006;32(1):38-41. 

Other (for example, survey, review) 

Specialist meeting of the working group nosocomial infections at the Robert Koch Institute on speeding 

up implementation of preventive strategies in MRSA. Chemother J 2006;15(1):1-7. 

Andersen BM, Rasch M, Syversen G. Is an increase of MRSA in Oslo, Norway, associated with changed 

infection control policy?[erratum appears in J Infect. 2008 Mar;56(3):226. J Infect 2007;55(6):531-8. 

Humphreys H. National guidelines for the control and prevention of methicillin-resistant Staphylococcus 

aureus--what do they tell us? Clin Microbiol Infect 2007;13(9):846-53. 

Weber SG, Huang SS, Oriola S, Huskins WC, Noskin GA, Harriman K, et al. Legislative mandates for 

use of active surveillance cultures to screen for methicillin-resistant Staphylococcus aureus and 

vancomycin-resistant enterococci: Position statement from the Joint SHEA and APIC Task Force. Am J 

Infect Control 2007;35(2):73-85. Available: 

http://download.journals.elsevierhealth.com/pdfs/journals/0196-6553/PIIS0196655307000247.pdf. 

Holcomb SS. Community-associated MRSA: new guidelines for a new age. Nurse Pract 2006;31(9):8-

12. 

Bissett L. Controlling the risk of MRSA infection: screening and isolating patients. Br J Nurs 

2005;14(7):386-90. 

Myatt R, Langley S. Changes in infection control practice to reduce MRSA infection. Br J Nurs 

2003;12(11):675-81. 

Nathwani D, Morgan M, Masterton RG, Dryden M, Cookson BD, French G, et al. Erratum: Guidelines 

for UK practice for the diagnosis and management of methicillin-resistant Staphylococcus aureus 

(MRSA) infections presenting in the community (Journal of Antimicrobial Chemotherapy (2008) vol. 61 

(976-994)). J Antimicrob Chemother 2008;62(1):216. 

http://download.journals.elsevierhealth.com/pdfs/journals/0196-6553/PIIS0196655307000247.pdf
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Baird D. New UK MRSA guidance: what happens next? Comparison of the UK MRSA guidelines with 

recent guidance from Scotland. Journal of Hospital Infection 2006;64(4):336-8. 

Schöfer H, Brockmeyer N, Dissemond J, Effendy I, Esser S, Geiss HK, et al. Staphylokokken-

infektionen der haut und schleimhäute: Leitlinie der Deutschen dermatologischen Gesellschaft (DDG), 

Arbeitsgemeinschaft für dermatologische infektiologie (ADI). JDDG - Journal of the German Society of 

Dermatology 2005;3(9):726-34. 

MacKenzie FM, Struelens MJ, Towner KJ, Gould IM, Goossens H, van der MJ, et al. Report of the 

consensus conference on antibiotic resistance; prevention and control (ARPAC). Clin Microbiol Infect 

2005;11(11):938-54. 

Schofer H, Brockmeyer N, Dissemond J, Effendy I, Esser S, Geiss HK, et al. Staphylococcal infections 

of the skin and the mucuos membranes: Guideline of the German Dermatological Society. Chemother J 

2005;14(3):67-73. 

Giannoudis PV, Parker J, Wilcox MH. Methicillin-resistant Staphylococcus aureus in trauma and 

orthopaedic practice. Journal of Bone and Joint Surgery - Series B 2005;87(6):749-54. 

Aslam N, Lo S. Peri-operative MRSA policy for orthopaedic patients. J Eval Clin Pract 2005;11(1):91-2. 

Ribeiro I, Castanheira R. Tratamento e prevenção das infecções e da colonizaão por Staphylococcus 

aureus [Treatment and prevention of Staphylococcus aureus infection and colonization]. Revista 

Portuguesa de Pneumologia 2003;9(5):395-409. 

Berns JS, Tokars JI. Preventing bacterial infections and antimicrobial resistance in dialysis patients. Am J 

Kidney Dis 2002;40(5):886-98. 

Ferguson J. Current approaches to screening for multiresistant organisms (MRO) in acute care Australian 

and selected New Zealand hospitals and recommendations for a minimum standard. Aust Infect Control 

2002;7(3):viii-xii. 

CDC outlines staph testing options for labs. Hospital Infection Control 2000;27(2):23-8. 

Nathwani D, Morgan M, Masterton RG, Dryden M, Cookson BD, French G, et al. Guidelines for UK 

practice for the diagnosis and management of methicillin- resistant Staphylococcus aureus (MRSA) 

infections presenting in the community (vol 61, pg 976, 2008). J Antimicrob Chemother 2008;62(1). 
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APPENDIX 16: MRSA SCREENING TEST GUIDELINES 
FOR HOSPITALIZED PATIENTS 

Guidelines 
(First author or 
professional 
group, country) 

Target 
population 

Recommendations related to MRSA 
screening and strength of evidence  

Role of PCR 

Calfee (for the 

Task Force of the 

Society for 

Healthcare 

Epidemiology of 

America and the 

Infectious 

Diseases Society 

of America, 

Standards and 

Practice 

Guidelines 

Committee), 

US,
53,66

 

Evidence-based 

Patients in acute 

care hospitals  

Basic practices for prevention of MRSA 

transmission: 

Implement MRSA monitoring program 

[AIII]* 

1. Program should be in place to identify 

and track patients from whom MRSA has 

been isolated from clinical or active 

surveillance testing specimen. 

2. Common detection strategy used by 

infection control programs includes daily 

review of laboratory results to identify 

patients from whom MRSA has been 

isolated. 

3. Common method of tracking MRSA is 

line list or case count. 

Special approaches (use in locations or 

populations in hospital with unacceptably 

high MRSA rates despite implementation 

of basic practices): 

Implement MRSA active surveillance 

testing program as part of multifaceted 

strategy to control and prevent MRSA 

transmission when evidence suggests that 

there is ongoing transmission of MRSA 

despite effective implementation of basic 

practices [BII]* 

1. Convene multidisciplinary team to 

review MRSA risk assessment and to plan 

and oversee active surveillance testing 

program 

2. Select and identify patients to be 

screened 

3. Determine when to perform screening 

tests: at a minimum, MRSA surveillance 

should be performed at admission 

4. Determine anatomic sites to include in 

screening program: anterior nares are 

primary site for sampling in MRSA 

screening  

5. Determine laboratory methods and 

assess resource requirements: MRSA can 

be detected using culture-based methods or 

PCR described 

as option for 

MRSA 

screening. 

Clinical and 

economic 

benefits of rapid 

PCR tests may 

vary among 

hospitals and 

settings. 
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Guidelines 
(First author or 
professional 
group, country) 

Target 
population 

Recommendations related to MRSA 
screening and strength of evidence  

Role of PCR 

molecular diagnostic testing methods such 

as PCR 

Ontario Ministry 

of Health and 

Long-Term Care, 

Provincial 

Infectious 

Diseases Advisory 

Committee, 

Canada
54

 

 

 

Patients in 

health care 

settings (acute 

care, long-term 

care, chronic 

care, and home 

health care) 

1. Screening for risk factors of MRSA 

should include tool that is applied to all 

patients admitted to health care facility. 

[AII]* 

Individuals who are at increased risk for 

MRSA and should be screened: 

 previously colonized or infected 

with MRSA 

 spent time in health care facility 

outside Canada in last 12 months 

 been admitted to, or who have 

spent >12 continuous hours as 

patient in health care facility in 

past 12 months 

 transferred between health care 

facilities 

 recently been exposed to unit or 

area of health care facility with 

MRSA outbreak 

 other high-risk populations as 

identified by Infection Prevention 

and Control Professionals, Public 

Health, or Regional Infection 

Control Network. 

Additional individuals may be screened if 

they: 

 received home health care services 

in past year 

 received treatment with indwelling 

medical device 

 received care in ICUs, transplant 

units, burn units 

 live in communal setting 

 have history of injection drug use 

 are household contacts of people 

with MRSA 

 are immunocompromised 

 are from populations where 

community-associated MRSA is a 

problem. 

2. Whenever a positive specimen from 

single site is identified in new case, 

consideration should be given to 

confirming with repeat specimen. [BIII]* 

NR 
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Guidelines 
(First author or 
professional 
group, country) 

Target 
population 

Recommendations related to MRSA 
screening and strength of evidence  

Role of PCR 

3. Any patient who is considered to be 

MRSA contact is to have at least 1 set of 

screening specimens taken. If initial 

specimens are negative, it is prudent to 

repeat them.[BIII]* 

4. During outbreak, all patients in contact 

with common risk factors should be 

actively screened.[BIII]* 

5. Specimens for MRSA detection should 

include: swab from anterior nares, swab 

from perianal area, and swab from skin 

lesions, wounds, incisions, ulcers, and exit 

sites of indwelling devices. For newborn 

infants, swab from umbilicus should also 

be taken.[AII]* 

Alberta Health and 

Wellness. Public 

Health Division, 

Canada
3
 

 

 

Patients across 

healthcare and 

community 

settings 

Patients who should be screened on 

admission:  

 history of hospitalization or of 

being institutionalized for 24 to 48 

hours or more within past 6 months 

 previously identified as MRSA 

positive 

 

Sites to screen:  

Screen maximum of 2 sites including 

anterior nares and 1 of rectum or groin, 

skin lesions or open wounds, invasive 

device sites, urine specimen if urinary 

catheter is present, and umbilicus if patient 

is neonate. 

Strength of evidence NR. 

NR 

Coia (Joint 

Working Party of 

the British Society 

for Antimicrobial 

Chemotherapy, 

Hospital Infection 

Society and 

Infection Control 

Nurses 

Association), 

UK,
55

 

Evidence-based 

 

 

Patients in acute 

care settings 

Routine screening of following high-risk 

patients: 

 known to have been infected or 

colonized with MRSA in past 

 frequent re-admissions to 

healthcare facility 

 direct interhospital transfers 

 recent inpatients at hospitals 

abroad or hospitals in UK which 

are known or likely to have high 

prevalence of MRSA 

 residents of residential care 

facilities where there is  known or 

likely high prevalence of MRSA 

carriage.[category 1b]** 

NR 
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Guidelines 
(First author or 
professional 
group, country) 

Target 
population 

Recommendations related to MRSA 
screening and strength of evidence  

Role of PCR 

All patients who are at high risk for 

carriage of MRSA should be screened at 

time of admission. [category 2]** 

Screening all patients (regardless of their 

risk-group status) should be considered on 

admission to high-risk units. [category 2]** 

High-risk units in hospitals: ICU, neonatal 

ICU, burns, transplantation, cardiothoracic, 

orthopedic, trauma, vascular surgery, renal, 

regional, national and international referral 

centers.[category 1b]** 

Regular screening of all patients on high-

risk units should be performed routinely. 

[category 2]** 

Sites for sampling: anterior nares, skin 

lesions and wounds and sites of catheters, 

catheter urine, groin or perineum, 

tracheostomy and other skin breaks in all 

patients, and sputum from patients with 

productive cough. Umbilicus should be 

sampled in all neonates. [category 1b]** 

Canadian 

Paediatric Society 

(CPS). Infectious 

Diseases and 

Immunization 

Committee, 

Canada,
56

 

 

 

Hospitalized 

pediatric 

patients 

Screen patients if:  

 hospitalized outside Canada 

within past year 

 transferred from centre with 

endemic MRSA or current or 

recent outbreak of MRSA 

 known contact with person 

colonized with MRSA in hospital 

or other institution, or colonized 

family member 

 known previously colonized or 

infected with MRSA. 

Screening Procedure: 

Culture both anterior nares (1 swab), 

culture wounds, skin lesions, ostomy sites, 

endotracheal aspirate if intubated, urine if 

indwelling catheter in place, umbilicus of 

neonate. 

Strength of evidence NR. 

NR 

Manitoba Health. 

Communicable 

Disease Control 

(CDC) Branch, 

Canada,
57,115

 

Evidence-based 

Patients in acute 

care facilities, 

surgical centres, 

long term care 

facilities, 

interim care 

Patients who need to be screened: 

 those directly transferred from or 

hospitalized in acute care hospital 

in Winnipeg within previous 6 

months, those directly transferred 

or hospitalized in acute care 

NR 
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Guidelines 
(First author or 
professional 
group, country) 

Target 
population 

Recommendations related to MRSA 
screening and strength of evidence  

Role of PCR 

 

 

units, and 

hospice 

affiliated with 

health care 

institution 

hospital outside province within 

previous 6 months, those directly 

transferred from or hospitalized in 

acute care hospital outside 

Canada in previous 6 months, and 

those hospitalized for >24hours 

and with emergency admission 

for >24hours 

 when Transfer or Referral Form 

indicates admission screening to 

be done 

 patient who was once positive and 

whose status is unknown 

 patient who is known to be 

positive as identified in flagging 

system 

 patient who is identified as 

MRSA contact. 

Sites for sampling: 

Nares and open wounds 

Strength of evidence NR. 

National Health 

Service (NHS), 

UK,
58

 

 

 

Patients across 

NHS clinical 

settings 

Following groups should be screened: 

 pre-operative patients in certain 

surgical specialties (orthopedics, 

cardiothoracic and neurosurgery, 

emergency orthopedic and trauma 

admissions)  

  critical care, including ICU and 

high-dependency units 

  renal medicine 

  all patients previously known to 

be MRSA positive 

  all elective surgical patients 

  oncology or chemotherapy 

inpatients 

  patients admitted from high-risk 

settings 

  all emergency admissions 

Sites for sampling: 

Anterior nares, axilla, perineum, and skin 

lesions. 

Strength of evidence NR. 

PCR rapid test 

noted in 

document. 

Choice is matter 

for local 

assessment. 
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Guidelines 
(First author or 
professional 
group, country) 

Target 
population 

Recommendations related to MRSA 
screening and strength of evidence  

Role of PCR 

Brown (for Joint 

Working Party of 

British Society for 

Antimicrobial 

Chemotherapy, 

Hospital Infection 

Society and 

Infection Control 

Nurses 

Association), 

UK,
59

 

Evidence-based 

Target 

population 

unspecified, as 

guidelines focus 

only on 

laboratory 

diagnosis and 

susceptibility 

testing of 

MRSA 

1. Baird Parker medium with 

ciprofloxacin has good overall 

performance for recovery of 

ciprofloxacin-resistance MRSA from 

screening swabs.[category 1b]** 

2. Enrichment of screening swabs is more 

sensitive than direct plating and useful for 

screening high-risk groups of patients and 

in screening for clearance of MRSA 

carriage.[category 1b]** 

3. Molecular methods for processing 

screening swabs are potentially valuable 

development to reduce test time.[category 

2]** 

Molecular 

methods are 

being 

developed. 

More data 

needed for 

further review. 

Health Protection 

Surveillance 

Centre. Infection 

Control 

Subcommittee, 

Strategy for the 

Control of 

Antimicrobial 

Resistance in 

Ireland (SARI), 

Ireland,
60

 

Evidence-based 

 

 

Patients in 

hospitals, 

community care 

units, and home 

Patients who should be screened for 

MRSA: 

 known to be previously positive 

and are being re-admitted to 

hospital 

  admitted from another hospital or 

healthcare facility, unless that 

hospital or facility is known to be 

free of MRSA 

 during outbreak, as determined by 

infection control team 

  with non-intact skin, including 

wounds and ulcers 

  due to undergo elective high-risk 

surgery; (cardiothoracic surgery, 

orthopedic implant surgery) 

 on admission to ICU or high-risk 

areas, with weekly screening 

thereafter 

 other patients as determined by 

local risk assessment. [grade C]*** 

No indication for routine discharge 

screening. [grade C]*** 

Sites for sampling:  

Anterior nares, perineum or groin, any skin 

lesions, and any medical device sites. 

[grade C]*** 

NR 
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Guidelines 
(First author or 
professional 
group, country) 

Target 
population 

Recommendations related to MRSA 
screening and strength of evidence  

Role of PCR 

Muto [for Society 

for Healthcare 

Epidemiology of 

America (SHEA) 

Task Force], US,
61

  

Evidence-based 

 

 

Patients in 

healthcare 

settings 

1. Surveillance cultures indicated at time 

of hospital admission for patients at high 

risk for carriage of MRSA.[IB]** 

2. Periodic surveillance cultures indicated 

for patients remaining in hospital at high 

risk for carriage of MRSA.[IA]** 

3. In facilities found to have high 

prevalence on initial sampling, facility-

wide culture survey indicated to identify 

all colonized patients.[IB]** 

4. Frequency of active surveillance 

cultures should be based on prevalence of 

pathogen and risk factors for 

colonization.[IB]** 

5. Surveillance cultures for MRSA should 

always include samples from anterior 

vestibule of nose.[IB]** 

NR 

Saiman (Cystic 

Fibrosis 

Foundation 

Consensus 

Conference on 

Infection Control), 

US, Canada, and 

Europe,
62

 

Patients with CF 

in acute care 

hospital, 

ambulatory, 

home care, and 

selected non-

healthcare 

settings 

Respiratory tract cultures should be 

performed in CF patients when 

hospitalized.[category IB]** 

Target S. aureus, including MRSA for 

surveillance.[category IB]** 

Target MRSA in CF transplant 

recipients.[category IB]** 

NR for MRSA 

Arnold (for Task 

Force of Infection 

Control 

Professionals of 

Southern New 

England, 

Infectious Disease 

Physicians from 

Rhode Island, 

Rhode Island 

Department of 

Health, Hospital 

Association of 

Rhode Island, and 

Rhode Island 

Quality 

Improvement 

Partners), US,
63

 

Evidence-based 

Hospitalized 

patients and 

outpatients 

Candidates for screening: 

 long-term care facility residents, 

patients from other acute care 

facilities, admissions to 

rehabilitation units, renal dialysis 

patients, or re-admitted patients 

≤30days since previous hospital 

discharge, within 24 to 48 hours of 

admission to hospital[level I]
†
 

 admissions or transfers to and 

discharges from ICU[level I]
†
 

 pre-operative patients (major 

surgical procedures such as 

orthopedic, cardiac-thoracic, 

vascular or neurosurgical[level 

III]
†
; or when MRSA is known to 

be causative agent among major 

surgical procedures[level I]
†
) 

 patients from assisted living 

facilities or patients of group 

homes within 24 to 48 hours of 

NR 
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Guidelines 
(First author or 
professional 
group, country) 

Target 
population 

Recommendations related to MRSA 
screening and strength of evidence  

Role of PCR 

admission to hospital[level III]
†
 

Sites for screening: 

Bilateral anterior nares [level I]
†
 

BC Centre for 

Disease Control 

(Delaney L. et al., 

editor), Canada,
64

 

 

Patients in acute 

care, long term 

care, and home 

care 

Patients who need to be screened: 

 known to have been previously 

positive for ARO or has been 

admitted for stay of >48 hours 

during previous 3 months in acute 

care hospital; screening cultures 

done within 24 hours of admission. 

Sites for sampling: 

Anterior nares, perianal, draining wounds, 

and ostomy sites. 

Testing for oxacillin resistance in S. aureus 

isolates include: 

 modified Kirby-Bauer method, and 

Mueller Hinton agar or broth 

 recommended that all potentially 

MRSA isolates detected by these 

methods be confirmed by E Test, 

or by agar or macrobroth dilution 

methods 

 tests using molecular methods for 

direct detection of mecA may be 

used. 

Strength of evidence NR. 

Molecular test 

for detection of 

mecA described 

as option. 

British Society for 

Antimicrobial 

Chemotherapy,  

Hospital Infection 

Society, and 

Infection Control 

Nurses 

Association, UK,
65

 

Evidence-based 

 

 

Hospitalized 

patients 

In low-risk areas of hospital where MRSA 

is endemic (general, acute care of elderly, 

and non-neonatal pediatric wards), 

admission screening should include 

patients who are: 

 known to be previously infected or 

colonized with MRSA 

  frequent re-admissions 

  transferred from MRSA-affected 

hospitals or nursing homes and 

transferred from hospitals abroad 

Full MRSA screen of index patient 

should be carried out; screening of 

other patients not usually necessary, 

but consider it if clinical infections are 

detected.[category II]
‡
 

NR 
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Guidelines 
(First author or 
professional 
group, country) 

Target 
population 

Recommendations related to MRSA 
screening and strength of evidence  

Role of PCR 

In moderate-risk areas of hospital where 

MRSA is endemic (general surgical, 

urological, neonatal, gynecology-obstetric, 

and dermatology wards), admission 

screening is same as that in low-risk areas. 

In addition, screen all patients in ward if 

there are ≥2 cases with circumstantial 

evidence of transmission.[category II]
‡
 

In high-risk areas of hospital where MRSA 

is endemic (ICU, special care baby units, 

burns, transplantation, cardiothoracic, 

orthopedic, trauma, vascular and regional, 

national, international referral centers), 

admission screening is same as that in 

moderate-risk areas. In addition, regional, 

national, international referral centers 

should consider screening all patients on 

admission to unit; all high-risk units should 

screen patients transferred from MRSA-

affected wards. Discharge admission 

should be performed. Screen all other 

patients in unit after 1 case.[category II]
‡
 

Sites for sampling: 

Nose, perineum or groin, lesions, and 

manipulated sites. Umbilicus should be 

sampled in infants.[category II]
‡
 

ARO=Antibiotic resistant organisms; CF=Cystic fibrosis; ICU=Intensive care unit; MRSA=Methicillin Resistant 

Staphylococcus aureus; NR=Not reported; tx=Treatment 

 

* 

Category AII: good evidence to support a recommendation for use; evidence from at least one well-designed clinical 

trial without randomization, from cohort or case-controlled analytic studies, preferably from more than one centre, 

from multiple time series, or from dramatic results in uncontrolled experiments. 

Category BII: moderate evidence to support a recommendation for use; evidence from at least one well-designed 

clinical trial without randomization, from cohort or case-controlled analytic studies, preferably from more than one 

centre, from multiple time series, or from dramatic results in uncontrolled experiments. 

Category BIII: moderate evidence to support a recommendation for use; evidence from opinions of respected 

authorities on the basis of clinical experience, descriptive studies, or reports of expert committees. 

** 

Category 1a: strongly recommended for implementation and strongly supported by well-designed experimental, 

clinical, or epidemiological studies. 

Category 1b: strongly recommended for implementation and strongly supported by certain experimental, clinical, or 

epidemiological studies and a strong theoretical rationale. 

Category 2: suggested for implementation and supported by suggestive clinical or epidemiological studies or a 

theoretical rationale. 

*** 

Grade A: evidence from meta-analysis or randomized controlled trials or from at least one randomized controlled 

trial. 
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Grade B: evidence based on one controlled trial without randomization, a quasi-experimental study, or extrapolated 

from category 1 evidence. 

Grade C: evidence from comparative studies, correlation studies, case-control studies or extrapolated from category 

A or B. 

 

† 

Level I: strongly recommended and strongly supported by well-designed epidemiological studies and experience. 

Level III: moderately recommended; should be considered based on theoretical risk and supported by limited studies 

involving innovative approaches to infection control interventions. 

 

‡ 

Category II: strongly recommended and viewed as effective by experts in the field and a consensus of the British 

Society for Antimicrobial Chemotherapy, Hospital Infection Society and Infection Control Nurses Association. 

These recommendations are based on strong rationale and suggestive evidence, even though definitive scientific 

studies may not have been done. 
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APPENDIX 17: QUALITY ASSESSMENT OF INCLUDED GUIDELINES USING 
AGREE INSTRUMENT 

Guidelines (First 
author) 

Scope 
and 
purpose 

Stakeholder 
involvement 

Rigor of 
development 

Clarity and 
presentation 

Applicability Editorial 
independence 

Overall 
assessment  

Calfee
53,66

 67% 42% 64% 67% 50% 75% Strongly 

recommend 

Ontario Ministry of 

Health and Long-

Term Care
54

 

83% 46% 29% 88% 56% 0 Recommend  

Alberta Health and 

Wellness
3
 

83% 42% 5% 71% 33% 0 Recommend  

Coia
55

 89% 50% 36% 75% 50% 17% Recommend  

Canadian Paediatric 

Society
56

 

28% 8% 10% 79% 6% 0 Would not 

recommend 

Manitoba Health
57

 72% 46% 12% 67% 39% 0 Recommend 

NHS, UK
58

 72% 21% 2% 58% 22% 25% Would not 

recommend 

Brown
59

 56% 29% 33% 75% 50% 100% Recommend 

SARI, Ireland
60

 56% 38% 31% 75% 50% 0 Recommend 

Muto
61

  56% 25% 48% 58% 50% 0 Recommend 

Saiman
62

 78% 58% 21% 75% 44% 0 Recommend 

Arnold
63

 89% 33% 14% 63% 33% 8% Recommend 

BC Centre for 

Disease Control
64

 

78% 50% 7% 67% 33% 0 Recommend 

British Society for 

Antimicrobial 

Chemotherapy et al., 

UK.
65

 

72% 46% 14% 67% 61% 0 Recommend 
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APPENDIX 18: INCLUDED STUDIES IN ETHICS 
REVIEW 

  

 
 

 

 

 

 

 

261 citations identified from electronic search 

27 potentially relevant reports 

retrieved for scrutiny  

15 reports excluded: 

•inapplicable ethical framework 

•insufficient analysis (for example, 

too superficial and descriptive) 

234 not relevant citations 

12 reports included 

37 hand-searched reports  

49 reports included in review 


