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ABSTRACT 

Objective. To investigate the impact of discontinuing contact precautions (CP) among 

patients infected with Methicillin-resistant Staphylococcus aureus (MRSA) on rates of 

healthcare-associated infections (HAI). 

Design. Single center, retrospective, nonrandomized, observational, quasi-experimental 

study. 

Participants. All patients affected by MRSA and hospitalized from January 2013 to 

September 2018. 

Methods. We compared HAIs rates between pre and post intervention periods. Data on 

primary outcomes, Central line-associated bloodstream infections (CLABSI) and MRSA 

LabID bacteremia events, were analyzed by interrupted time series design using 

segmented Poisson regression modeling. Secondary outcomes catheter -associated 

urinary tract infections (CAUTI), ventilator-associated pneumonia (VAP), surgical site 

infections (SSI) and hospital-acquired pneumonia (HAP) were compared using Fisher’s 

exact tests.  

Results. 295 patients developed (403) HAIs during the 68 months’ study period. 

Infection rates between pre and post periods were as follows: (1) CLABSI: (0.0179% vs. 

0.0157%; p-value= 0.64), (2) MRSA LabID events: (0.0130% vs. post: 0.0150%; p-

value= 0.32), (3) HAP: (0.0078% vs. 0.0086%; p-value=0.64), (4) CAUTI: (0% vs. 

0.0016%; p-value=0.56), (5) VAP: (0.0049% vs. 0.0133%; p-value=0.32), (6) SSI 

(0.5476% vs. 0.1536%; p-value= 0.03). 

Conclusion. Discontinuing CP did not negatively impact endemic MRSA healthcare 

associated infection rates between pre-post discontinuation period.  
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CHAPTER 1: THE PROPOSAL 

Background, Rationale and Context 

A. Antibiotic Resistance: A Global Concern 

Antimicrobial resistance bacteria have become a global threat affecting public health 

in both healthcare and community settings (1,2). Staphylococcus aureus (S. aureus) 

plays a prominent role as one of the first pathogens known to develop resistance against 

antimicrobials. It causes many types of infections that affect skin and soft tissue, joints, 

bones and medical devices such as catheters or prosthetics (3). Resistance to the 

antibiotic methicillin coined the term Methicillin-resistant Staphylococcus aureus 

(MRSA). Infections with MRSA strains are associated with higher morbidity and mortality 

compared to Methicillin-sensitive Staphylococcus aureus (MSSA) strains especially in 

patients with immunocompromising conditions (4, 5).  

B. Prevalence of MRSA Around the World 

The prevalence of MRSA differs worldwide (3). Most European countries report low 

invasive MRSA case numbers (3). However, the proportion of MRSA of total S. aureus 

can reach 25% or more in some regions (3). In the United States, about one-third of the 

population is colonized with S. aureus and 1.3% carry MRSA. Most cases occur in 

healthcare settings or long-term care facilities (3, 4, 5). There has been an overall 

decrease in MRSA in the United States over the last decade but the widespread 

occurrence of S. aureus carriage in the community continues to pose a major risk for 

patients admitted to healthcare facilities (3). 

In the Middle East, several Saudi studies reported the occurrence of MRSA 

colonization in patients admitted to healthcare settings (6). The estimated prevalence of 

MRSA in Saudi Arabia was 35.6% between 2002 to 2012 (7). Fawzia et al. reported that 
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29.8% of S. aureus isolates were community acquired MRSA (6). Of note, 64.7% didn’t 

have known risk factors such as diabetes or low income to explain the colonization rate 

in community settings (6). MRSA rates among Saudi children are estimated to be around 

23% in all S. aureus carriers with no statistical difference between genders (6).  

C. CDC Recommendations Regarding Standard and Contact Precautions 

The Centers for Disease Control and Prevention (CDC) recommends the 

implementation of specific infection prevention measures based on transmission risk (8).  

Standard precautions (SP) include hand hygiene at room entry and exit and after 

touching the environment or before touching a sterile site. In addition, gloves, gowns or 

both are to be used if exposure to body fluids, mucous membranes, or non-intact skin is 

expected. Contact precautions (CP) require the use of gloves and gowns for any patient 

interaction, and a single patient room. Dedicated equipment is recommended for all 

patients infected or colonized with multidrug-resistant organisms, including MRSA.  

D. Evidence and Effectiveness: A Literature Review 

Surprisingly little is known regarding the efficacy of CP to reduce the occurrence of 

MRSA.  Mangini et al. (2007) conducted a study to show the impact of CP on MRSA 

infections in a 439-bed university-affiliated community hospitals (9).  
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Figure 1: Time line 

  

   

Figure 2 

Figure 3 

Figure 3 
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Figures 2 and 3 show the reduction of MRSA infections in intensive care units using 

SP, contact and droplet precautions and CP alone in high and low incidence areas (9).  

Based on the data CP appeared to lower the overall number of MRSA infections in ICU 

settings with high incidence rates. Under low incidence no effect was noted by CP.  

Another strategy commonly employed in the fight against MRSA is universal 

screening. In short, all patients admitted to a hospital are screened for MRSA. This 

should decrease the level of MRSA infection and colonization. However, while this 

intervention has successfully detected MRSA cases it could not decreased the rates of 

MRSA healthcare-associated infections (HAI) despite the fact that these strategies are 

costly and time consuming (9). In addition to the potential of reducing of MRSA 

community and HAI, concerns have also been raised regarding the impact on patients 

such as reduced care activities, decrease in patient satisfaction, and adverse outcomes 

such as falls (10, 11). However, strong evidence supporting these observations is 

lacking (12, 13). 

Focusing on the magnitude of the impact CP may have, Morgan et al. made a 

compelling argument that CP can only prevent a rather small fraction of HAI associated 

with MRSA (<0.2%) (14). This raises the question if improved compliance with SP can 

result in similar or even lower HAI rates than CP. A cluster-randomized trial investigated 

the efficacy of CP for MRSA colonization. There was a 2-fold increase in isolation rate 

for patients, however, no decrease in transmission rates was observed (15). Two 

literature reviews which included retrospective studies and cluster randomized trials 

found no strong evidence supporting the effectiveness of CP for reducing endemic 

MRSA (16,17). Based on the lack of evidence, several medical centers have 

discontinued CP for endemic MRSA and Vancomycin-resistant Enterococci (VRE) and 

note stable or decreasing rates of infections. The following medical centers have 
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reported these results: Dartmouth-Hitchcock Medical Center, Baystate Medical Center, 

University of Massachusetts Medical Center, Virginia Commonwealth University Medical 

Center, Detroit Medical Center, Iowa University Clinics, and the Cleveland Clinic 

(personal communications, 5). A survey performed by the Society of Healthcare 

Epidemiology of America (SHEA) asked 87 members about their opinion regarding CP 

for MRSA. Sixty-three percent of the responders indicated a willingness to change CP 

use for MRSA from current practice (18). 

Figure 4: Conceptual Model 

  

E. A Re-evaluation of CP for MRSA 

Several retrospective and prospective studies were published supporting the new 

approach of preventing MRSA transmission because of the lack of the effectiveness of 

CPs in the HAIs (19, 20, 21). Bearman et al. (Figure 5) conducted an interrupted time 

series statistical analysis for MRSA and VRE after discontinuing CP for both in fected 

and colonized patients. It resulted in a 3% decrease in MRSA and VRE rates after 
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discontinuation (19). A retrospective study 

by Marra et al. showed no increase in 

clinical culture rates for MRSA and VRE in 

their facility after CP discontinuation (20). A 

meta-analysis of the available literature 

confirmed no detectable increase in MRSA 

and VRE rates in hospitals that adopted CP 

discontinuation. The pool estimate for 

heterogeneity between articles further favored stopping CP (22). In addition, studies 

investigated the impact of discontinuing contact precautions of MRSA regarding 

healthcare associated costs and length of stay (LOS) in hospitals. In one study, the 

estimated cost saving from not using gowns and gloves alone was $8,055 per year for 

an estimation of using CP for length of stay equal to 3.46 days (21). A retrospective 

quasi experimental study by Martin et al. in two hospitals demonstrated a statistical 

difference in decrease of CPs materials after discontinuation with approximately $60,000 

savings per month and increase in hand hygiene compliance after changing the policy 

(Tables 1 and 2) (23). Richey et al. found that stopping CP for MRSA saved an 

estimated 164-493 days of CP isolation days (24).    

Table 2

 

Table 1 
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Figure 5 

Based on the current evidence the conceptual model in Figure 4 was developed to 

present the potential pathways for CP implementation or discontinuation and the 

subsequent challenges arising from the different choices. The primary objective of this 

thesis is to address the current gap of knowledge regarding the impact of discontinuation 

of CP for MRSA on MRSA associated infection rates over an extended time period.  

Proposed Study: 

Wake Forest Baptist Medical Center (WFBMC) transferred from CP to SP for 

patients affected by MRSA in September of 2015. This was combined with the 

introduction of regular patient bathing with chlorhexidine gluconate. This study proposal 

will focus on the effect of CP discontinuation on HAI associated with MRSA over a 68 

months’ time period.     

MRSA Laboratory Detection Methods: 

Instruments to measure infection rates should be valid and accurate in detecting 

MRSA with high specificity and sensitivity. Briefly, three common types used to detect 
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and record MRSA cases will be discussed: Standard blood agar culture, Polymerase 

Chain Reaction (PCR), and CHROMagar MRSA II.  

Standard blood agar is routinely used to culture S. aureus in clinical 

microbiology laboratories (Table 3). Detection of resistance to Methicillin (MRSA) 

requires additional sensitivity testing of the S. aureus isolates. While costs are low and 

no special training is required, the 

turnaround time is rather long with 

up to 72 hours before results are 

known. This disqualifies use of this 

test for time sensitive tasks such as 

patient screening with subsequent 

intervention such as treatment or isolation. However, the ease of execution and the low 

material costs combined with simple technology requirements make this test ideal for 

investigations in less developed countries.     

            As a more advanced MRSA detection method, PCR shortens the detection time 

significantly. Results can be finalized within 8 hours and treatment or other interventions 

can be applied immediately. However, technical expertise, laboratory equipment and 

material costs per test are significantly higher than needed for agar cultures. Bühlmann 

et al. compared the costs between the two methodologies showing a more than five -fold 

higher expense for PCR compared to culture (25) (Table 4).  

Table 3 
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Table 4 

 

The laboratory equipment needs, technical expertise, and running costs limit the use of 

PCR to selected tasks such as outbreak screening in resource rich environments.   

CHROMagar MRSA is one of several selective agars developed to detect MRSA 

by inhibiting other types of resistance and Methicillin-susceptible S. aureus from growing 

on the agar. Its main advantage is a quick turn-around time of around 24 hours 

combined with ease of preparation, interpretation, and low costs. This allows promptly 

initiating further steps after the detection. Krishna et al. examined multiple types of 

selective agar for MRSA culture detecting the highest sensitivity and specificity in 

CHROMagar (26). Overall, CHROMagar MRSA offers a promising alternative to 

standard blood agar and PCR combining detection accuracy with reasonable turnaround 

times and costs. 

Table 5 
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It is important 

While there is a growing body of evidence that CP may not benefit patients in 

endemic situations, it is still necessary to better understand the consequences of 

discontinuing CP. My interest stems from similar problems caused by MRSA in my home 

country of Saudi Arabia and how to best protect our patient population from this 

pathogen. This thesis project was designed to study the impact of CP discontinuation on 

HAI occurrence over a time period of 68 months. The unique opportunity to gain first 

hand insight in the effects of this intervention will help me to develop sustainable 

infection prevention strategies that will lead to a more effective management of MRSA in 

the US and Saudi Arabia.   

Saudi Arabia - Infection Control and Prevention Challenges: 

Infection Prevention strategies save lives. However, evidence of the efficacy of 

specific interventions is still limited. The Ministry of Health of Saudi Arabia shares the 

same challenges as do other nations including the United States. Below is a list of four 

areas of concern regarding MRSA in Saudi Arabia. 

1. Bloodstream infections (BSI)  

Blood stream infections are a major cause of increased mortality and morbidity (27).  

In Saudi Arabia studies have shown that approximately 50% of all S. aureus blood 

cultures are resistant to methicillin (MRSA) in hemodialysis patients (27). This has also 

been confirmed in several other studies making MRSA an important pathogen in 

healthcare settings. This demonstrates the need to find working solutions to fight MRSA 

that are feasible to implement and sustain.  
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2. Antimicrobial Stewardship 

Another challenge is the uncontrolled consumption and misuse of antimicrobials 

increasing the risk of creating MRSA strains resistant to antibiotics currently 

recommended for treatment. Since MRSA is considered a global antibiotic resistance 

bacteria concern, misusing antimicrobial agents by either healthcare providers or 

patients themselves requires the need for new infection prevention techniques to 

decrease mis- and overuse (28). Although our study focuses primarily on HAI, we are 

also concerned about community-associated infections levels connected to almost one-

third of MRSA colonization of the population (3, 4, 5). In Saudi Arabia one of the main 

reasons for increasing resistance is the availability of over-the-counter non-prescribed 

antimicrobials. Qualitative and cross-sectional Saudi studies reported that almost half of 

the participants used non-prescribed antibiotics (29, 30). In 2014, a Saudi study reported 

78.7% of adults used non-prescribed antibiotics (29). A study discussed the most 

antimicrobial conception agents in pediatric and neonatal ICUs patients in major tertiary 

hospital in SA. Vancomycin was the highest prescribed among this population with 

18.6% of the total antibiotic prescription. Also, the study discussed the absolute lack of 

data in the consumption of these antimicrobial agents locally (31). Zowawi urged the 

necessity to establish antimicrobial stewardship policies and new infection prevention 

strategies to control the increasing trends in antibiotic resistance bacteria in Saudi 

Arabia (28). He based his recommendations from the national Saudi surveillance data 

showing a rate of 32% of MRSA of all S. aureus isolates (28). 

3. Hajj Season 

Saudi Arabia faces one of the most infection control challenges each year that may 

cause major outbreaks around the world if it is not properly controlled. That challenge is 

Hajj, the annual Muslim pilgrimage to Mecca lasting about a week. It is considered one 



12 
 

of the most immense human gatherings drawing more than two million pilgrims per year 

to Saudi Arabia from over 183 countries (32, 33, 34, 35). 

Figure 6 

  

Being a religious priority, Saudi Arabia starts preparing for the next Hajj season 

immediately after finishing the current season. The Saudi Infection Prevention and 

Healthcare System establishes multiple infection control techniques to help reduce the 

risk of infectious disease transmission during this period, therefore, avoiding significant 

outbreaks worldwide. The challenges are mostly bacterial and viral infections including 

MRSA and respiratory viruses such as Middle Eastern Respiratory Virus – Coronavirus 

(MERS-CoV). Logistical issues are the need of trained medical staff available to cover 

the health needs and the lack of knowledge of infection prevention needs during the Hajj 

season. Al-Tawfiq et al. pointed out that the Kingdom of Saudi Arabia sets medical 

requirements such as proof of vaccination as part of the visa application process for Hajj 

pilgrims (36). Vaccination by itself is considered an important infection prevention 

strategy. However, it does not cover infections that are not vaccine preventable such as 

MRSA. Therefore, offering proven strategies to prevent the spread of MRSA and other 
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communicable diseases during Hajj is essential to disrupt transmission in Saudi Arabia 

and the home countries of the pilgrims and their families. 

4. Implementation and Practice 

Implementing and sustaining infection prevention strategies poses a critical 

challenge for public health and healthcare authorities. For example, the recent major 

MERS-CoV outbreak in Saudi Arabia was associated with high mortality rates that may 

have been prevented by using proven infection control interventions (37, 38). A 

questionnaire-based analysis among healthcare providers including medical 

professionals revealed a significant gap in knowledge regarding infection control and 

prevention practices for MERS-CoV - the majority of participants answered with “I don’t 

know” (38). Two studies also assessed the amount of knowledge in nursing students 

and dental patients (37, 39). Again, knowledge of infection prevention practices in 

nursing students was only modest while dental patients scored even lower (37, 39). 

These studies indicate that even among trained healthcare professionals, the knowledge 

of and adherence to infection prevention techniques are wanting. This has led to local 

and worldwide outbreaks (37, 38).  

Considerations regarding Change of Infection Prevention Strategies in Saudi 

Arabia  

Isolating patients with infectious conditions is an established part of infection 

prevention strategies and is followed worldwide. Changing an established policy such as 

CP for MRSA requires strong scientific evidence. Based on our current understanding of 

CP regarding MRSA there is a need for sound, accurate data to test if this intervention 

actually fulfills its purpose of protecting patients. These data will help to guide public 

health directors and policymakers how best to proceed. Below is a list of considerations 

that provide context to the current use of CP in Saudi Arabia. 
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1. High MRSA Infection/Colonization Rates in Saudi Arabia  

As noted previously MRSA infection/colonization rates are particularly high in Saudi 

Arabia (27, 28, 31). Although there is no strong evidence-based study that estimates the 

actual MRSA infection rate among Saudi population, it is well-known that the rate is 

increasing in healthcare-associated infections (6, 7). While CP for MRSA is promoted, 

there are no country wide policies in place standardizing infection prevention practices. 

This may pose a challenge in promoting and implementing widespread change.  

2. Ethical and Religious Reasoning 

Another potential threat of changing CP policies is the ethical reasoning in Saudi 

Arabian society. Women cannot be bare below the elbows which can affect the overall 

compliance to standard infection control policies. Since most of the nurses are females, 

this could be problematic. However, it is not against religious beliefs to wear tight 

clothing instead of wearing gowns before entering patient rooms. Discontinuation of CP 

for MRSA may actually alleviate some of the issues regarding infection prevention 

interventions.   

3. New Intervention and Approach 

Few hospitals in the US have discontinued CP for MRSA so far and assessed its 

impact. Our study was designed to contribute to the body of evidence and help better 

understand the impact of this change. The knowledge gained can be used to make the 

case to public health policy makers regarding effectiveness of this intervention. 

Regarding the validity of data, one has to be aware that there are limitations to the study 

design we used. The quasi-experimental pre-post intervention research design lacks the 

random assignment to an intervention. While the pre-/post design fulfills the temporal 

association requirement of causality, the statistical association does not imply causality.  
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Alternative explanations may explain the apparent causal association. There are other 

potential threats to internal validity that will be discussed in the thesis. Alternatives such 

as randomized clinical trials may not be feasible due to the intervention in question, 

patient isolation. It is impossible to blind healthcare providers and/or patients from it. To 

overcome the above-mentioned limitations a multicenter cluster randomized clinical trial 

may provide the best available evidence if discontinuation of CP for MRSA should be 

adopted. Our study may serve as step towards such a trial. 

Changing a well-established policy poses particular challenges. Overcoming 

standards of care such as isolation precautions requires a change in behavior of health 

care providers. Since our intervention takes away from the daily tasks of these providers 

the change has been rather welcomed than fought. However, focused education and 

training efforts have to be deployed to avoid confusion and misinterpretation of the 

changes. A well thought-out implementation plan for the intervention is recommended to 

address these concerns.  

PS: The views, thoughts, and opinions expressed in the section above belong solely 

to the author, and not necessarily to the author’s employer, organization, committee or 

other group or individual. 
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Research Strategy: The study proposal uses a secondary data analysis from WFBMC 

to determine the effect of discontinue isolation in MRSA rates in patients in high and low 

risk areas in the hospital from different age, sex and racial/ethnicity groups to provide 

more information about the feasibility and the impact of one single intervention (CP 

discontinuation) on MRSA infection rates, LOS, and gown and glove utilization.  

Rationales and Significance 

Implications in Public Health: Our proposal carries major implications for the handling of 

patients with communicable pathogens such as MRSA that are prevalent in both, the 

community and healthcare settings. In short, our project will test the new approach of CP 

discontinuation to determine its impact on HAI caused by MRSA. Also, our data analysis 

will provide approximate estimates of the current level of community-acquired MRSA in 

our catchment area and their representation in overall HAI rates. Keeping track on both 

settings will help to support the evaluation of the intervention in impacting public health.  

Influence Policy Makers: This project will assess the impact of a major change in how 

patients with communicable pathogens are taken care off to interrupt the chain of 

transmission. The CDC continues to recommend the use of CP for patient affected with 

MRSA. Our project will contribute to the evidence if and how CP as an infection 

prevention policy should be challenged.  

Impact on costs associated with MRSA infection: Current studies regarding 

discontinuation of CP suggest a significant reduction in overall costs associated with 

MRSA infection. Our secondary analysis will analyze the impact of discontinuation of 

isolation on costs associated with MRSA colonization in our institution. These are mostly 

defined as expenses associated with wearing gowns and gloves during isolation and will 

be estimated based on previously published data.  
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Opportunity for Further Investigations: Infection Prevention as all medical specialties 

should follow strong evidence based on available data. Our proposal will provide the 

opportunity to investigate and test currently recommended interventions for their validity 

in reducing the risk of HAI and the impact on care delivered to our patients. The findings 

have the potential to challenge current clinical practice and may lead to further 

investigations into other, currently recommended infection prevention practice lacking 

evidence.  

Hypothesis and Objectives 

Hypothesis: We hypothesize that discontinuation of Contact Precautions (CP) for MRSA 

colonization/infection will not increase the occurrence of Healthcare-Associated 

Infections (HAI) in hospitalized patients and reduce Length of Stay and care costs 

without affecting outcome. 

 Primary objective: To assess the impact of discontinuing CP for MRSA 

colonization/infection on HAI and mortality rates in hospitalized patients.  

 Secondary objectives:  

o To determine the potential change in Length of Stay and associated costs 

due to discontinuation of CP in hospitalized patients affected by MRSA. 

o To estimate cost savings in direct patient care due to discontinuation of CP in 

hospitalized patients affected by MRSA. 
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ABSTRACT 

Objective. To investigate the impact of discontinuing contact precautions (CP) among 

patients infected with Methicillin-resistant Staphylococcus aureus (MRSA) on rates of 

healthcare-associated infections (HAI). 

Design. Single center, retrospective, nonrandomized, observational, quasi-experimental 

study. 

Participants. All patients affected by MRSA and hospitalized from January 2013 to 

September 2018. 

Methods. We compared HAIs rates between pre and post intervention periods. Data on 

primary outcomes, Central line-associated bloodstream infections (CLABSI) and MRSA 

LabID bacteremia events, were analyzed by interrupted time series design using 

segmented Poisson regression modeling. Secondary outcomes catheter-associated 

urinary tract infections (CAUTI), ventilator-associated pneumonia (VAP), surgical site 

infections (SSI) and hospital-acquired pneumonia (HAP) were compared using Fisher’s 

exact tests.  

Results. 295 patients developed (403) HAIs during the 68 months’ study period. 

Infection rates between pre and post periods were as follows: (1) CLABSI: (0.0179% vs. 

0.0157%; p-value= 0.64), (2) MRSA LabID events: (0.0130% vs. post: 0.0150%; p-

value= 0.32), (3) HAP: (0.0078% vs. 0.0086%; p-value=0.64), (4) CAUTI: (0% vs. 

0.0016%; p-value=0.56), (5) VAP: (0.0049% vs. 0.0133%; p-value=0.32), (6) SSI 

(0.5476% vs. 0.1536%; p-value= 0.03). 

Conclusion. Discontinuing CP did not negatively impact endemic MRSA healthcare 

associated infection rates between pre-post discontinuation period.  



23 
 

Introduction 

Health care-associated infections (HAIs) affect 1 out of 25 hospitalized patients in the 

United States (1). As one of the prominent pathogens causing HAI Methicillin-Resistant 

Staphylococcus aureus (MRSA) are associated with high morbidity and mortality 

especially in patients with immunocompromising conditions (2,3). The Centers for 

Disease Control and Prevention (CDC) recommends the implementation of Contact 

Precautions (CP) and Isolation to control and prevent cross-transmission between 

patients with MRSA (4). According to these recommendations, patients with positive 

MRSA screening will be placed under CP and isolation to reduce transmission and 

colonization. However, this common practice is relatively costly and time consuming (5, 

6).  

Despite the wide use of CPs, strong evidence supporting the effectiveness of these 

strategies is lacking (4,7). This resulted in a growing diversity of using CPs among 

healthcare facilities (8). Concerns have also been raised regarding the impact on 

patients such as reduced care activities, decrease in patient satisfaction, and adverse 

outcomes such as falls, anxiety and depression (9, 10, 11). Several retrospective and 

prospective studies were published debating about its effectiveness and supporting the 

discontinuation of CPs for MRSA (5,11,12). Currently, many US hospitals have 

discontinued the use of CPs for MRSA in their facilities with no adverse change in their 

HAIs rates (1). Therefore, our primary objectives were to 1) reduce the current gap of 

knowledge regarding the impact of discontinuation of CP for MRSA on MRSA associated 

infection rates over an extended time period and 2) study the impact of discontinuation 

of isolation CPs for MRSA patients in Wake Forest Baptist Medical Center, a tertiary 

care teaching hospital.   
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Methods 

Settings: 

This study was conducted at Wake Forest Baptist Medical Center (WFBMC), an 885-

bed tertiary care teaching hospital with >40,000 inpatients admissions and >89,000 ED 

visits annually (pediatric and adult patients).  

Study Design and Data Collection: 

This is a retrospective, observational, nonrandomized, quasi-experimental pre-post 

intervention research design comparing HAI rates before and after discontinuation of CP 

isolation for MRSA patients admitted to WFMBC. The study includes all patients affected 

by MRSA and hospitalized from January 2013 to September 2018. By September 2015, 

routine CP isolation for patients affected by MRSA were discontinued. September 2015 

was treated as wash-in period. Patients with other significant harmful pathogens 

remained in contact isolation (e.g., ESBL, MDROs).  

Healthcare Associated Infection associated with MRSA were identified by certified 

Infection Preventionists as part of standard surveillance using the CDC's National 

Healthcare Safety Network (NHSN) HAI definitions. These included Central line-

associated bloodstream infections (CLABSI), and MRSA LabID bacteremia events as 

primary outcome variables. Data on catheter-associated urinary tract infections (CAUTI), 

ventilator-associated pneumonia (VAP), surgical site infections (SSI) and hospital-

acquired pneumonia (HAP) were also analyzed as secondary outcomes. HAIs rates 

were calculated for pre and post-intervention periods using the following 

formula: 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑟𝑎𝑡𝑒 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑣𝑒𝑛𝑡𝑠

𝑝𝑒𝑟𝑠𝑜𝑛 /𝑑𝑒𝑣𝑖𝑐𝑒−𝑡𝑖𝑚𝑒
. The denominators were pooled together for 

all procedures being done for all in-patients during study periods (68 months). Device 

and patient day counts were taken from the Wake Forest Medical Center electronic 

medical record (EMR, EPIC, Verona, WI). Surgical procedure counts were extracted 
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from EPIC OpTime surgical logs. HAP denominator and rate multiplier determined from 

(Pulmonology Advisor, 2019) (20).  

Ethical Statement: 

The institutional review board (IRB) of WFBMC approved the study protocol and a 

waiver of written informed consent was obtained due to retrospective, minimal risk. 

Statistical Analysis:  

HAI rates were compared between the pre- and post-intervention periods using 

Fisher’s exact tests. For the primary HAIs of interest (CLABSI and MRSA LabID events), 

an interrupted time series (ITS) design using segmented Poisson regression models was 

used. This method is useful for estimating changes in level of prevalence rates when 

randomization or a case-control design is not applicable (13). With a total of 68 months 

of study duration, the pre-intervention segment included 32 monthly time points, and the 

post-intervention segment included 35 monthly time points. There was a one-month 

wash-in period (September 2016) between the pre- and post-segments.  

For our primary outcomes, CLABSI and LabID events rates of MRSA were measured 

as CLABSI rate per 1000 central-line days and MRSA LabID rate per 1000 patient-days 

respectively. The appropriate denominators were included in the Poisson model as an 

offset term to allow analysis of the rate of HAIs. Both level change and level and slope 

change models were considered, but the level change models are presented as the 

more complex slope and level change models did not lead to better fit. In addition, serial 

autocorrelation was considered, but was not included in final models as it also did not 

improve the fit. We reported relative risks comparing post- and pre- intervention rates 

along with corresponding p-values and 95% CIs.  

Demographics for the patients with an HAI were summarized both overall and 

separately by pre- and post-intervention periods. Length of stay (LOS) and Time to onset 
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accounted for re-admission if available. Fisher’s exact tests or t-tests were used as 

appropriate to compare demographics between the pre- and post-periods. All tests were 

two-tailed, with p <0.05 considered statistically significant. We conducted all statistical 

analysis using SAS (version 9.3, SAS Institute, Cary, NC) or R (version 3.5.1, www.R-

project.org).  

Results 

From January 2013 to September 2018, 222,526 patients were admitted to WFBH. 

295 patients (0.13%) developed (403) MRSA associated infections including 53 CLABSI, 

204 LabID events, 3 CAUTI, 15 SSI, 9 VAP and 119 HAP infections. Table 1 

summarizes the demographic patient characteristics.  

Patients Clinical Characteristics: 

Out of 295, 217 patients were identified to have HAIs due to MRSA via clinical 

specimens. The rest (78) were identified by routine surveillance. We found a significant 

decrease in routine surveillance for MRSA between pre and post intervention (35.83 vs. 

20.00; p-value=0.0031) after applying discontinuing contact precautions policy in our 

facility. Respiratory specimens (46.44%) and blood cultures (38.64%) were the most 

common sample collection sites. Patients’ exposure to medical devices during their 

hospital stay and HAIs between pre-post periods were not significantly different (97.29% 

vs. 97.50%; p-value= 1). Mean ventilator days were higher in post period compared to 

pre period (3.64±6.64 vs 6.23±13.07; p-value= 0.04), while average Foley days were 

lower in the post period (0.36±0.68 vs 0.17±0.39; p-value=0.002).  

Length of Stay and Time to Onset: 

Length of stay was higher in the post period (mean LOS days: 29.26±22.58 vs 

41.84±46.26; P-value=0.0055). After stratification, burned and neonate patients (58 

patients) had overall higher length of stay in compare to non-burned and non-neonate 
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patients (69.05±57.13 days vs. 29.19±28.55 days; P-value<0.0001). Overall time to HAI 

onset also was higher in burn and neonate patients (29.46±35.85 days vs. 11.53±14.01 

days; P-value<0.0001). The LOS and Time to Onset means comparison between burned 

and neonate patients with non-burned and non-neonate patients are illustrated in Table 

2.  

Demographic Comparison with all Admitted Patients: 

Overall, there were no significant differences between sex (p-value=0.43) or 

race/ethnicity (p-value= 0.29) between all patients admitted and those with HAIs. 

Patients with HAIs had significance higher mean age than all admitted patients (53.98 

vs. 52.2; p-value=0.02). In addition, the mean days of LOS in patients with HAIs is 

significantly longer than all admitted patients (36.77 vs. 6.37; p-value<0.001). Overall 

death status was also significance in patients with HAIs (p-value<0.001). In both periods, 

only LOS (pre and post p-value<0.001) and death status (pre and post p-value <0.001) 

remained significant. Complete data comparisons between pre and post periods for all 

admitted patients is presented in Supplementary Table 3.  

Impact on Infections: 

Primary outcomes: 

MRSA CLABSI. No significant difference in the incident rates for MRSA CLABSI per 

1000 central-line days between pre-post periods (pre: 0.0179 vs. post: 0.0157%; p-

value= 0.64). Fitting the segmented model (showed in Figure 1), we found: (i) no 

significant level change and time trend in the post segment was detected (post β1= 

0.588) with (ii) overall estimated Relative Risk (RR) = 1.801 (95% CI=0.649-4.994; p-

value= 0.25).  
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MRSA LabID events. The incident rates for MRSA LabID events per 1000 patient -days 

increased by 15.4% from pre- to post intervention without reaching significance (pre: 

0.0130% vs. post: 0.0150%; p-value= 0.32). Fitting the segmented model (showed in 

Figure 2), we found: (i) no significant level change and time trend in the post pe riod was 

detected (post β1=0.027) with (ii) overall estimated relative risk (RR)= 1.028 (95% 

CI=0.591-1.788; p-value= 0.92). 

Secondary outcomes:  

Non-significant increases from the pre to post intervention period were found for HAP 

(0.0078% vs. 0.0086%; p-value=0.64), CAUTI (0% vs. 0.0016%; p-value=0.56) and VAP 

(0.0049% vs. 0.0133%; p-value=0.32). SSIs associated with MRSA significantly 

decrease d by 71.9% (0.5476% vs. 0.1536%; p-value= 0.03). The comparison between 

incidence rates for the pre-post intervention periods with corresponding denominators for 

each HAI are summarized in Table 3.  

Discussion 

Little is known regarding the efficacy of CP in decreasing MRSA associated HAIs 

rates (12). After discontinuing CP for MRSA in 04/2016 we used an interrupted time 

series analysis approach to evaluate the impact of this intervention on MRSA associated 

HAI. No significant change in the overall rate and trend over time of MRSA associated 

HAI was detected during the intervention period without CP. This included our primary 

outcomes, MRSA CLABSI and MRSA LabID events. Secondary outcomes such as 

MRSA-HAP, CAUTI, and VAP also did not change. Only SSIs showed a significant 

decrease most likely caused by the introduction of a surgical bundle during the 

intervention period. The patient characteristics revealed surprisingly long hospitalizations 

and high mortality rates for patients affected with MRSA compared to non-MRSA 

patients. Main drivers were neonates and patients in our burn unit.   
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The main purpose of CP is to reduce the spread of communicable pathogens in 

healthcare settings (9). MRSA represents the opportunity to study a pathogen that is 

established in community and healthcare settings causing HAI with devastating 

consequences for the affected patients. Using MRSA CLABSI and MRSA LabID events 

as our primary indicators, we could not confirm a significant positive impact of CP on 

MRSA HAIs. This was independent of the use of central lines. Our findings correlate with 

recently published studies supporting the discontinuation of CPs for MRSA transmission 

(12, 11, 5). Kullar et al. reviewed the current evidence and concluded that using CP 

alone is not associated with a reduction in MRSA transmission rather needing other 

interventions to decrease MRSA infection (14). Almyroudis, Nikolaos G., et al. cited a 

cluster-randomized trial also investigated the efficacy of CP for MRSA colonization and 

found a 2-fold increase in isolation rate for patients with no decrease in transmission 

rates (15). This supports the earlier argumentation of Morgan et al. that CP may only 

prevent small fraction of HAI associated with MRSA (<0.2%) if at all (16).  

In addition to the failure of CP to reduce MRSA HAI patients may also encounter 

harmful consequences of CP due to stigmatization, reduced frequency and length of 

care activities (4). Reports and studies have demonstrated the negative impact of 

contact isolation on patients (17, 4, 9, 11). A systemic review indicated high risk adverse 

outcomes related to placing patients on CPs including reduce contact with healthcare 

providers, delay in transferring to other healthcare facilities, increase depression and 

anxiety and lower patient satisfaction scores (4).   

Our secondary objectives included the impact of CP discontinuation on other MRSA 

associated HAI such as CAUTI, HAP, VAP, and SSI. The majority of these events have 

rather low counts requiring an extended study period for the impact analysis of the 

intervention. However, the longer timeframe increases the chance of other interventions 
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to interfere with the CP discontinuation. SSI significantly decreased during the 

intervention period most likely due to the introduction of an SSI bundle within months of 

the CP discontinuation. All other HAI remained at a similar level compared to the 

baseline period. 

The analysis of patient characteristics revealed significantly longer hospitalization 

times for patients affected with MRSA compared to general inpatient population. Even 

higher LOS times were detected in neonates and patients requiring burn care. Washam, 

Matthew, et al. stated that neonate patients tend to have prolonged LOS which increase 

the potential exposure to MRSA infection during their stay (18). Of note, the time of 

diagnosis of MRSA infection superseded the average LOS for non-MRSA patients and 

was also longer in the burn/neonate patient group compared to non-burn and non-

neonate MRSA patients. This indicates that colonization or infection with MRSA 

occurred mostly inside the hospital. However, no clusters of MRSA infections were 

detected during the study periods. Similar associations were detected for mortality rates 

in these patient groups as previously describe (19). Van Hal et al. reported fatalities 

rates of 10% to 30% for patients affected by MRSA bacteremia, part or our two primary  

outcomes (2). Further study is needed to understand the severity of underlying illnesses 

with the risk of MRSA infections. 

Limitations of the study include the retrospective, non-randomized, single-center 

study design that may limit the applicability to other healthcare settings. The low 

baseline rates of infection in our institution and the resulting small effect size might 

falsely overestimate or underestimate the results. Having only single occupancy patient 

rooms may also influence the outcome. We focused solely on the impact of 

discontinuing MRSA isolation. While MRSA was one of the most frequent reasons for 
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isolation in our hospital other communicable or multi-drug resistant pathogens may also 

need to be investigated.  

The rationale for implementing CP is based on the reduction of the patient risk to 

acquire MRSA. This study offers a long-term perspective of discontinuing CP for MRSA 

colonization and infection. Our findings suggest that taking away CP for MRSA will not 

negatively impact healthcare associated infections rates. Further studies should be 

considered examining horizontal infection prevention strategies in healthcare settings.  
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Table 2: The difference in Length of Stay and Time to Onset means in days between Burned and 
Neonate and Non-Burned and Non-Neonate patients 
 N 

(305)* 
LOS Mean (SD) 
[Min-Max] 

Time to Onset Mean (SD) 
[Min-Max] 

Pre-intervention    
Burned and Neonate 23 54.21(30.18) 

[11-140] 
21.34 (15.47) 
[6-79] 

Non-Burned and Non-Neonate 100 23.53(15.76) 
[2-99] 

10.75 (9.28) 
[0-38] 

Post-intervention    
Burned and Neonate 35 78.80 (68.08) 

[6-247] 
34.80 (43.89) 
[0-181] 

Non-Burned and Non-Neonate 147 33.04 (34.18) 
[1-178] 

12.06 (16.49) 
[0-122] 

* Calculated with re-admission for more 9 patients 

 

  

Table 1: Patients Demographic Characteristics  
 All Patients 

(N=295) 
Pre-Intervention 
(N=120) 

Post-
Intervention 
(N=175) 

P-value 

Age, years    0.70 
Mean (SD) 53.98 (21.86) 53 (20.45) 54.29 (22.82)  
Sex    0.55 
Female  128 (43.39) 55 (45.83) 73 (41.71)  
Male  167 (56.61) 65 (54.17) 102 (58.29)  
Race/Ethnicity    0.18 
Non-Hispanic White 224 (75.93) 98 (81.67) 126 (72.00)  
Non-Hispanic Black 61 (20.68) 19 (15.83) 42 (24.00)  
Hispanic 4 (1.36) 2 (1.67) 2 (1.14)  
Other 6 (2.03) 1 (0.83) 5 (2.86)  
Death current status    0.76 

No 235 (79.66) 97 (80.83) 138 (78.86)  
Yes 60 (20.34) 23 (19.17) 37 (21.14)  
LOS, days*    0.0055 
Mean (SD) 36.77 (38.95) 29.26 (22.58) 41.84 (46.26)  
Time to Onset, 
days* 

   0.13 

Mean (SD) 14.94 (21.20) 12.73 (11.41) 16.43 (25.73)  
* Calculated with re-admission (n=305) 
Data are presented as n (%) unless otherwise indicated. LOS= length of stay in days, SD= 
Standard deviation. P-value was tested by T-Test or Fisher exact test 
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Table 3: HAIs Rates Comparison between Pre-Post Intervention periods 

 Events 
(Denom) 

Rate  Events 
(Denom) 

Rate p-value* 

CLABSI 16 (89137) 0.0179% 34 (216743) 0.0157% 0.64 
LabID 82 (628536) 0.0130% 122 (811401) 0.0150% 0.32 
HAP 49 (628536) 0.0078% 70 (811401) 0.0086% 0.64 

CAUTI 0 (103965) 0% 3 (189152) 0.0016% 0.56 
VAP 2 (41032) 0.0049% 7 (52700) 0.0133% 0.32 

SSI 10 (1826) 0.5476% 4 (2605) 0.1536% 0.03 
*Fisher’s Exact test. 
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CHAPTER 3: ANCILLARY ANALYSIS / FUTURE DIRECTIONS 

Introduction 

In thesis chapter 2, we assessed the impact of discontinuing isolation contact 

precautions on MRSA healthcare associated infection rates in between pre-post 

intervention periods. We did not observe a statistically significant difference for all HAIs 

except SSI.  

Due to the significant impact and acceptable sample size, we employed an 

interrupted time series design using segmented Poisson regression modeling method to 

analyze two primary outcomes (MRSA CLABSI and MRSA LabID events). In contrast, 

we chose to compare between the overall pre and post rates for secondary outcomes 

(HAP, CAUTI, SSI and VAP) using Fisher’s exact test because of the relatively small 

sample size, except for hospital-acquired pneumonia (HAP) infection.  

In this chapter, mainly, we presented the results of interrupted time series method for 

HAP with fitting the segmented Poisson regression model in further details. Briefly, we 

showed the complete tables that compare our data variables pre and post intervention, 

and compared our results with the all admitted patients in WFBMC. Lastly, we discussed 

the possible future dissertations to our study main objective.  

Discontinuation CPs Impact in HAP 

During the study period, from January 2013 to September 2018,119 HAP incidences 

due to MRSA infection were identified in WFBMC. We employed the interrupted time 

series design, discussed previously in chapter 2, using segmented Poisson regression 

modeling to compare between pre post intervention periods for HAP.  

For HAP, we measured HAP rates of MRSA as HAP rate per 1000 patient-days. The 

appropriate denominators were included in the Poisson Model as an offset term to allow 

analysis of the rate of HAIs. We considered both level change and level and slope 
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change models. Unlike CLABSI and LabID events models, the level and slope change 

was presented in HAP due to the significant interaction between period (post vs. pre) 

and time. We reported relative risks comparing post and pre interventions rates along 

with corresponding p-values and 95% CIs.  

We observed a non-significant 10.3% increase in the incident rate for MRSA HAP 

per 1000 patient-days from the pre to post intervention period (0.0078% vs. 0.0086%; p-

value=0.64). Fitting the segmented model (showed in Figure 3), we found: (i) no 

significant difference in the post period (p=0.276), (ii)  a significant time change (p-

value=0.007), and (iii) a significant interaction between period and time (p-value=0.037). 

On average, the estimated relative risk (RR)= 2.099 (95% CI=0.553-7.972) when 

comparing post to pre, indicating that there is no evidence of a difference in HAP rate in 

the post-intervention period.  

Figure 3: HAP Level and Slope Change 
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Demographic Tables for All Presented Data Variables 

In this section, we included other patient clinical characteristics comparisons that did 

not fit in chapter 2 and collected in the original data. These tables presented as 

supplementary tables. Demographics for the patients with an HAI and HAIs to all 

admitted patients were summarized both overall and separately by pre- and post-

intervention periods. The results of these tables were presented in chapter 2. Fisher’s 

exact tests or t-tests were used as appropriate to compare demographics between the 

pre- and post-periods. All tests were two-tailed, with p <0.05 considered statistically 

significant. We conducted all statistical analysis using SAS (version 9.3, SAS Institute, 

Cary, NC) or R (version 3.5.1, www.R-project.org). 

A. Variables comparison in overall and pre-post intervention periods including HAIs 

patients only.  

Supplementary Table 1: Patients Clinical Characteristics  

 All Patients 
(N=295) 

Pre-Intervention 
(N=120) 

Post-Intervention 
(N=175) 

P-value 

Sample type    0.0031 

Routine Surveillance 78 (26.44) 43 (35.83) 35 (20.00)  
Clinical Specimen 217 (73.56) 77 (64.17) 140 (80.00)  
Sample site    0.12 

Blood Culture 114 (38.64) 40 (33.33) 74 (42.29)  
Urine 11 (3.73) 5 (4.17) 6 (3.43)  
Wound 28 (9.49) 17 (14.17) 11 (6.29)  
Respiratory 137 (46.44) 57 (47.50) 80 (45.71)  
Other 5 (1.69) 1 (0.83) 4 (2.29)  

 

 

 

 

 

 

http://www.r-project.org/
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Supplementary Table 2: Patients Exposure to Medical Devices  

 All Patients 
(N=295) 

Pre-Intervention 
(N=120) 

Post-Intervention 
(N=175) 

P-value 

Exposure to devices     1 

No 8 (2.71) 3 (2.50) 5 (2.86)  
Yes 287 (97.29) 117 (97.50) 170 (97.14)  
Central line    0.82 
No 21 (7.12) 9 (7.50) 12 (6.86)  

Yes 274 (92.88) 111( 92.50) 163 (93.14)  

Foley    0.02 
No  232 (78.64) 86 (71.67) 146 (83.43)  
Yes 63 (21.36) 34 (28.33) 29 (16.57)  

Ventilator     0.90 
No 150 (50.85) 62 (51.67) 88 (50.29)  
Yes 145 (49.15) 58 (48.33) 87 (49.71)  

Surgery     0.14 
No  110 (37.29) 51 (42.50) 59 (33.71)  
Yes 185 (62.71) 69 (57.50) 116 (66.29)  

Surgery type    0.25 
Colon 17 (5.76) 7 (5.83) 10 (5.71)  
Hyst 5 (1.69) 4 (3.33) 1 (0.57)  
Neither 273 (92.54) 109 (90.83) 164 (93.71)  
Treating by Vancomycin   0.15 
No 13 (4.41) 8 (6.67) 5 (2.86)  
Yes 282 (95.59) 112 (93.33) 170 (97.14)  
Ventilator days    0.04 
Mean (SD) 5.17 (10.98) 3.64 (6.64) 6.23 (13.07)  

Foley days     0.002 
Mean (SD) 0.25 (0.53) 0.36 (0.68) 0.17 (0.39)  
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B. Demographic characteristics comparison between HAIs patients and all WFBMC 

admitted patients during study periods. 

Supplementary Table 3:  All Admitted Patients Demographic Characteristics 

 All patients 
(N=222,524) 

Pre-Intervention 
(N=103,530) 

Post-Intervention 
(N=118,994) 

AVG Age, years  222,524(52.2) 103,530 (52.1) 118,994 (52.2) 
AVG LOS, days 222,524(6.37) 103,530 (6.24) 118,994 (6.49) 

Sex    
Female 104,648 (47.03%) 49,128 (47.45%) 55,520 (46.66%) 
Male 117,827 (52.95%) 54,370 (52.52%) 63,457 (53.33%) 
Unknown 49 (0.025%) 32 (0.03%) 17 (0.01%) 
Race    
American Indian or Alaska Native 740 (0.33%) 288 (0.28%) 452 (0.38%) 
Asian 1,505 (0.68%) 729 (0.70%) 776 (0.65%) 
Black or African American 48,217 (21.67%) 22,853 (22.08%) 25,364 (21.32%) 
Latin American or Hispanic 89 (0.04%) 32 (0.03%) 57 (0.05%) 
Native Hawaiian or Other Pacific Islander 163 (0.07%) 50 (0.05%) 113 (0.09%) 
Other 11,403 (5.13%) 4,560 (4.41%) 6,843 (5.75%) 
Patient Refused 146 (0.07%) 36 (0.03%) 110 (0.09%) 
Unknown 218 (0.10%) 117 (0.11%) 101 (0.08%) 
White or Caucasian 159,995 (71.92%) 74,848 (72.31%) 85,147 (71.57%) 

Death current status    
No 165,763 (74.49%) 73,511 (71.00%) 92,252 (77.53%) 
Yes 56,761(25.51%) 30019 (29.00%) 26,742 (22.47%) 
Data are presented as n (%). P-value was tested by TTest or Fisher exact test.  
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Future Directions 

Discontinuing contact precautions approach is controversial (1). More data is needed 

to support its effectiveness in compare to continuing contact precautions. As we 

discussed in chapter 2 the effect of discontinuing isolation contact precautions to 

healthcare associated infections due to MRSA, we did not account for other 

discontinuing contact precautions interventions such as gowns and gloves. The 

effectiveness of these interventions could be assessed in future studies.  

In our study, we observed a significant association between length of stay, time to 

onset, race/ethnicity and patient service line with increased HAIs rates due to MRSA. 

These unexpected findings were surprising to us. We hope to continue the analysis to 

evaluate these relationships to our main outcome if it showed any association on the 

population when we studied it with a wider study period.  

Moreover, we did not estimate the cost-effectiveness of discontinuing isolation CPs 

in our study, although it is one of the benefits of discontinuing CPs intervention. Although 

we have preliminary data estimating the cost effective from discontinuing CPs in our 

institute, we wish to collect detailed data about the cost to accurately estimate the 

savings from discontinuing isolation and other CPs interventions in our facility.  
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