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ABSTRACT


Antibiotic stewardship programs (ASPs) are coordinated interventions that promote the appropriate use of antibiotics to improve patient outcomes and reduce microbial resistance. These programs are now mandated in nursing homes (NHs) but it is unclear if these programs change practices. This systematic review evaluated the literature regarding ASPs in the NH, measuring their effect on final health outcomes (mortality and C. difficile infections), health utilization outcomes (emergency room visits and hospital admissions) and intermediate health outcomes (number of antibiotics prescribed, adherence to recommended guidelines). We searched Pubmed, CINAHL, EMBASE and Cochrane for interventional trials performed in NHs with ASPs measuring the above outcomes. We found 529 studies that met inclusion criteria and included 14 in this review. Five studies were randomized controlled trials, 7 were Before-After studies and 2 were nonrandomized controlled trials. No study found a change in NH mortality or C. difficile infection rates associated with ASPs. No study found a change in emergency room use or hospitalizations. Eight studies found a reduction in antibiotic prescriptions for NH residents of NH with ASPs. Ten studies measured guideline adherence. This review is limited by heterogeneity in study design, intervention types and outcome measures. Overall, this review suggests that ASPs can affect intermediate health outcomes. Further research is needed to conclude that these programs are beneficial in NHs. 
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Introduction

Antibiotics cured many previously fatal infectious diseases after their introduction in the early 20th century. Sir Alexander Fleming, the Nobel laureate credited with the discovery of penicillin, cautioned against penicillin’s overuse in 1951.1 Bacterial resistance had been recognized since the 1930s. Despite Fleming’s dire warning, antibiotics were overused. Years of potentially inappropriate antibiotic prescriptions helped create the current healthcare crisis with multi-drug resistant organisms (MDROs) highly prevalent. The 1.4 million older adults residing in American nursing homes (NHs) 2 are at a particularly high risk of MDRO infection due to antibiotic overuse.3 Infections are the attributed cause of death in nearly 1/3 of all deaths for individuals older than 65.4 The typical NH resident may have significant functional and cognitive impairments, including dementia, 5 that complicate diagnosing an acute bacterial infection.  They are often limited historians, and so NH residents are frequently prescribed antibiotics to treat nonspecific symptoms that are not necessarily evidence of an acute bacterial infection.6 The NH resident is at risk of unnecessary antibiotics, 7, 8 which in turn increase their risk of serious side effects, drug interactions and even potentially fatal Clostridium difficile infection (CDI). The tremendous cost and risk of adverse events, including death, have led to calls for a more judicious approach to antibiotic prescribing across healthcare settings 9-11 via antibiotic stewardship programs. Antibiotic stewardship programs are coordinated efforts to promote the optimal use of these powerful medications throughout healthcare settings, including NHs.12 

NH residents present unique challenges for antibiotic stewardship. More than half of the current NH population has some degree of functional impairment and needs assistance in many or all of the activities of daily living (including bathing, toileting, dressing, ambulation, feeding). 2, 13 Residents requiring more assistance in the activities of daily living are generally frailer and suffer a higher mortality when compared to their more independent cohort. 14, 15 Dependent NH residents rely on their caregivers and this dependence can be a risk factor for contracting an MDRO. 3 It is estimated that 1 in 3 NH residents are colonized with an MDRO. 16 NH residents are treated for as many as 3 million infections a year17 and as much as 75% of these are potentially inappropriate. 18 These resident factors combined with the challenges of resource allocation in NHs make infection management even more difficult. 

The typical NH has limited resources to diagnose acute bacterial infections 18, such as diagnostic testing or imaging. The quality of NH care is affected by the staff-to-resident ratio. NHs often experience financial pressures and this ratio lowers resulting in lower quality care .19 Medical equipment is shared between caregivers and residents, and it is not surprising that bacteria, specifically MDROs, spread quickly in this environment. 20 The risk of colonization with MDROs is even higher for residents with indwelling devices such as urinary catheters21, which are common in the NH. Frail residents are hospitalized more frequently than their age matched cohort22, increasing their exposure to more MDROs. This cycle of MDRO transmission jeopardizes all patients. The combination of medically complex patients in a resource limited setting becomes even more problematic when diagnosing bacterial infections.  

The chronic comorbidities often experienced by frail NH residents 23 combined with an aging immune system lead to changes in clinical findings that obscure the diagnosis of an acute bacterial infection. Bacterial infections in older persons may not manifest in the same ways as younger adults. 24 Older adults are less able to mount responses to infection, such as an elevated temperature 25 or leukocytosis.4 These individuals may have chronic changes that blur the distinction between acute and chronic findings. In addition, some conditions (e.g., dementia or stroke) will limit relevant clinical history. Recognizing these challenges, specific guidelines for infection surveillance and treatment recommendations in the NH have been published. 26, 27 These guidelines are largely based on expert opinion as there is a limited literature for management of infections in the NH. Currently, guidelines do not appear to be used regularly for management decisions. 28-30 Rather than using these guidelines, providers may rely on diagnostic tests such as a urinalysis or chest x-ray to provide further relevant clinical information when an infection is suspected. While these results may not provide further information suggestive of an infection, they do seem to increase antibiotic prescribing. 29, 31, 32 ASPs have arisen in the NH to combat the misuse of antibiotics. 

Hospital based interventions have been successful at reducing potentially inappropriate prescribing through antibiotic stewardship programs (ASPs).12 These programs are now mandated in American NHs11 but it is unknown what portions of these programs are effective in this setting. To assess the potential benefit of antibiotic stewardship programs in NHs, we conducted a systematic review to determine whether these programs lead to lower mortality rates, decreased CDI, and decreased rates of ER visits and hospitalizations.
Methods

To assess the effectiveness of ASPs in the NH, we considered the following key questions (KQ): 

Final Health Outcomes

KQ1. Do antibiotic stewardship programs in the NH reduce mortality? 

KQ2: Do ASPs reduce the incidence of CDI? 

Utilization Outcomes 

KQ3: Do ASPs affect the number of ER visits for suspected bacterial infection (i.e. sepsis, pneumonia, urinary tract infection (UTI), or cellulitis?

KQ4: Do ASPs affect the rates of hospitalization for infectious etiologies including sepsis, pneumonia, UTI or cellulitis)?  

Intermediate Health Outcomes

KQ5: Do ASPs decrease number of antibiotic prescriptions?

KQ6: Do ASPs increase number of guideline concordant antibiotic prescriptions?


Studies published in English describing implementation and evaluation of outcomes associated with antimicrobial stewardship in NHs was identified through Pubmed, EMBASE, CINAHL and the Cochrane Database. Unpublished data were reviewed though searches of clinicaltrials.gov and the WHO International Clinical Trials Registry Data Platform. I included randomized control trials, non-randomized trials and observational studies of eligible interventions. Previous similar systematic reviews and meta-analyses were also identified. References were reviewed for additional relevant publications.

Data Sources and Searches
PubMed/MEDLINE, the Cochrane Library, EMBASE and CINAHL were searched for relevant English-language articles from database inception through February 2017. Medical Subject Headings were used as search terms when available and keywords when appropriate, focusing on terms to describe relevant populations, interventions and study designs. Complete search terms and limits are listed in Appendix A. Targeted searches were used for unpublished literature by searching ClinicalTrials.gov and the WHO International Clinical Trials Registry Data Platform. To supplement electronic searches, reference lists of pertinent review articles were examined and studies that met the inclusion criteria were identified adding to potentially relevant articles. 

Study Selection
Inclusion and exclusion criteria were developed for populations, interventions, comparators, outcomes, timing, settings and study designs (Appendix A). To summarize, we included English-language studies of adults age 65 years or older conducted in countries categorized as “very high” on the Human Development Index. 33 We excluded included studies of patients with active cancer, HIV/AIDS, end stage renal disease requiring hemodialysis, organ transplant recipients and other conditions that directly cause or require immunosuppression, thereby changing antibiotic treatment and prophylaxis practices.  

For KQ 1-6, cluster randomized controlled trials (cRCTs) comparing NHs with ASPs to those without were eligible. Non-randomized controlled trials and observational studies were also acceptable given the acceptable given the paucity of literature on this topic. Studies with a comprehensive ASP were included, but not studies assessing interventions focused on one single component, such as hand hygiene, of an ASP. 

Titles and abstracts of all publications identified were reviewed against the inclusion criteria in Table 1. All full-texts of abstracts that appeared relevant were again reviewed to determine final eligibility.

Quality Assessment and Data Abstraction 

For each included study, we extracted pertinent information about the methods, populations, interventions, comparators, outcomes, timing, settings and study design. I assessed the quality of the included studies as good, fair or poor using predefined criteria developed by the NIH for RCTs 34 and non-randomized interventional studies. 35 We included only studies rated as having good or fair quality. Appendix B shows results of all quality assessments. 

Data Synthesis and Analysis 

We qualitatively synthesized findings for each KQ by summarizing the characteristics and results of included studies in tabular and narrative format. Meta-analysis was not appropriate due to heterogeneity across studies in terms of intervention type, outcomes and study design. 

Results of Literature Searches

592 unique records across all sources were identified. Of these, 563 were excluded and 29 full text articles were assessed for eligibility. As described in Figure 1, we excluded 15 articles for various reasons detailed in Appendix C and included 14 36-49 articles of good or fair quality. I included 5 cRCTs37, 42, 45, 46, 3 controlled before after trials 39, 41, 475, 4 before- after trials without controls 36, 38, 40, 48 and 2 nonrandomized controlled trials. 43, 49 

Characteristics of included studies are summarized in Table 2. All included studies used an individual NH as the unit of intervention allocation. The studies in this review were as small as 1 NH and as large as 58 NHs. Eleven of the 14 studies reported  the residents of participating NHs as study subjects but in reality only 4 studies 38-40,45  treated the individual NH resident as a study subject. The remaining 10 studies analyzed the antibiotic prescriptions as the unit of intervention. Across all included studies, NHs varied in size and affiliation (e.g., academic center, community or Veteran’s Affairs). Ten studies were set in the US and 4 in other countries including the United Kingdom, Sweden, the Netherlands and Canada. 

Across all studies, there was significant heterogeneity in terms of intervention components and delivery personnel. One study 45 measured its intervention effect by comparing 2 arms:  a physician-only arm and a multidisciplinary arm including physicians and nurses. Two studies 36, 40 used an ID consultant team that was directed to prescribers in the NH. Four studies 42, 46-48 used an intervention that included NH prescribers and nursing staff. Only 1 study 49 developed a multidisciplinary intervention that included NH residents and families. Most studies included some aspect of an educational lecture to NH staff and physicians. The comparators were generally usual care or a designated control NH that did not receive the intervention. The outcomes of interest included final health outcomes (mortality or CDI), healthcare utilization outcomes (ER visits, hospitalizations) and intermediate healthcare outcomes (decreased antibiotic use, improved guideline adherence). The longest studies were 36 months. 39, 41 The risk of bias assessment for four included studies 37,40,45,48 was fair and 10 were rated as good quality. Common sources of bias included non-blinding to the intervention status and chronology bias as many studies used historical controls. The risk of bias assessment is in Appendix D.  

Final Health Outcomes

KQ1. Do antibiotic stewardship programs in the NH reduce mortality? 

Four studies measured mortality following institution of ASPs in NHs. 39,41,42,45 None of these studies found a difference in overall mortality rate for residents of intervention NHs with ASPs compared to control NHs. Outcomes in these four studies were measured over 18 42 to 36 39,41 months. 

KQ2: Do ASPs reduce the incidence of CDI? 

Two included studies 36, 40 reported the incidence rates of CDI as an outcome of interest. One study36 was an  interventional trial performed in 3 community NHs over 7 months and the other 40 was conducted in 1 Veterans Affair’s NH over 30 months. Both used an ID consult team as part of their intervention for improving ASP. There was no change in the incidence of CDI in either study. 

Utilization Outcomes 

KQ3: Do ASPs affect the number of ER visits for suspected bacterial infection (i.e. sepsis, pneumonia, UTI, or cellulitis?

We found no eligible studies that directly addressed this question as a primary or secondary outcome. 

KQ4: Do ASPs affect the rates of hospitalization for infectious etiologies including sepsis, pneumonia, UTI or cellulitis?  

There were no studies that directly measured hospitalizations attributed to infectious etiologies. Four included studies measured overall rates of hospitalization. 39, 41, 42, 46 One39 followed the same 16 NHs over 3 sequential influenza seasons. There was no change in overall hospitalization rates among NHs receiving the intervention compared with controls. Other studies addressed different diagnosis and management strategies for UTIs. There was no change in hospitalizations following the studied intervention. 

Intermediate Health Outcomes KQ5: Do ASPs decrease number of antibiotic prescriptions? 

Eight studies measured changes in antibiotic prescribing associated with ASPs. Results are shown in Table 3. Overall, each of these studies reported a decrease in either overall or indication-specific antibiotic prescriptions in NHs allocated to an ASP intervention. Doernberg reported decreasing antibiotic prescriptions for UTIs by 6% (95% CI 3% to 8%) and a 5% decrease in antibiotic prescriptions overall (no measures of variance reported). Loeb found that fewer courses of antimicrobials for suspected UTIs per 1000 resident days were prescribed in intervention NHs compared with control NHs (1.17 vs. 1.59 courses; weighted mean difference − 0.49, 95% CI − 0.93 to − 0.06) but the difference in total antimicrobial use per 1000 resident days between the intervention and control NHs was not significantly different (3.52 vs. 3.93; weighted mean difference − 0.37 (95% CI –1.17 to 0.44). The intervention in Pettersson reduced the odds of any antibiotic prescription for intervention NHs compared to control NHs (OR=0.124, 95% CI 0.019 to 0.228).  Zabarsky reduced treatment for UTIs (IRR 0.37, 95% CI 0.19 to 0.72, p=0.02) and the total antibiotic days of therapy decreased from 167 per 1000 patient-days to 109 days of therapy per 1000 patient-days over  9 months of follow up (P =0.001). van Buul found decreases in daily drug dose (DDD) with overall antibiotic use in intervention NHs decreasing from 2.3 DDDs per 1000 resident-care days while noting increasing antibiotic use in control NHs by 1.1 DDDs per 1000 resident-care days. Zimmerman found reduced numbers of total antibiotic  prescriptions ordered between baseline and follow-up in intervention NH more  than in comparison NHs (adjusted IRR = 0.86, 95% CI 0.79 to 0.95); they also found that antibiotic prescribing for UTIs, respiratory tract infections and skin infections declined overall but the trend was nonsignificant (P=0.09).  

KQ6: Do ASPs increase number of guideline concordant antibiotic prescriptions?


 Ten studies reported ‘guideline adherence’ as an outcome, but the guidelines measured varied widely. These studies are further described in Table 4.  van Buul developed a unique guideline for each of the 5 NHs included in the intervention arm by employing a NH-specific quality improvement intervention. Fleet used a form addressing areas of antibiotic stewardship for nurses to complete after antibiotics were prescribed. They measured compliance with the Loeb minimum criteria and the McGeer criteria. These are consensus-based guidelines used for the initiation of antibiotic treatment and surveillance definitions of infectious disease respectively in the NH. Fleet found a 6.44% (p=0.004) relative increase in adherence to the McGeer criteria in their intervention compared to control NHs. This study also found adherence to the Loeb minimum criteria increased in intervention NHs from 11.5% prior to the intervention to 19.3% after the intervention (p=0.06). The ID team used in Doernberg made recommendations according to the Loeb minimum criteria (LMC), but guideline adherence following the intervention was not reported.  


The studies by Hutt (2006, 2011) and Linnebur examined adherence to the Nursing Home Acquired Pneumonia (NHAP) management guideline.50 Neither Linnebur nor Hutt found a meaningful change in guideline adherence in their papers in 2011. Naughton measured adherence to a different guideline for NHAP51 and found that a multidisciplinary intervention was more effective in improving adherence to the NHAP guideline than an intervention directed towards prescribers only (60% to 67%, no measures of effect reported). Monette utilized a guideline formulated from expert option specific for this study and addressed its intervention exclusively to physicians. It found that its intervention reduced the odds of antibiotic prescriptions nonadherent to the study specific guidelines (OR 0.36 (95% CI 0.18 to0.73) Petterson also created  a guideline specific to this study and found lower rates of antibiotic prescribing with its intervention, but adherence to the guideline used was not reported


McMaughan developed a study specific decision making aid for management of asymptomatic bactiuria and measured adherence to the LMC (for antibiotic initiation) and the High guidelines 52 (for fever evaluation and management). That study found that NHs that did not use the decision aid with high fidelity did not have a decline in prescriptions for asymptomatic bactiuria (70% to 69%, no measures of effect reported). The NHs with high fidelity to the intervention did have a decline in prescriptions for ASB (73% to 49%, no effect measures reported). 
	Study
	Year
	Design
	 # of Nursing Homes
	Country
	Intervention Subjects
	Primary Outcome Measured
	% of total outcomes measured

	Doernberg, et al
	2015
	Before-After
	3
	US
	Prescribers
	Prescriptions
	57%

	Fleet, et al
	2014
	cRCT
	30
	UK
	Nurses
	Guidelines
	CD

	Hutt, et al
	2006
	Before-After
	2
	US
	Multidisciplinary
	Guidelines
	NR

	Hutt, et al
	2011
	Controlled Before After
	16
	US
	Multidisciplinary
	Guidelines
	NR

	Jump, et al
	2012
	Before-After
	1
	US
	Prescribers
	Prescriptions
	NR

	Linnebur,et al
	2011
	Controlled Before -After
	16
	US
	Multidisciplinary
	Guidelines
	NR

	Loeb, et al
	2007
	cRCT
	24
	US
	Multidisciplinary
	Prescriptions
	NR

	McMaughan,et al
	2016
	NRCT
	12
	US
	Multidisciplinary
	Guidelines
	NR

	Monette,et al
	2007
	cRCT
	10
	Canada
	Prescribers
	Guidelines
	97%

	Naughton, et al
	2001
	cRCT
	10
	US
	Multidisciplinary
	Guidelines
	98%

	Pettersson,et al
	2011
	cRCT
	58
	Sweden
	Multidisciplinary
	Prescriptions
	NR

	van Buul, et al
	2015
	Controlled Before -After
	10
	Netherlands
	Multidisciplinary
	Prescriptions
	84%

	Zabarsky, et al
	2008
	Before-After
	1
	US
	Multidisciplinary
	Prescriptions
	NR

	Zimmerman, et al
	2014
	NRCT
	12
	US
	Multidisciplinary†
	Prescriptions
	NR


Table 1, Included Study Characteristics

CD: cannot determine, cRCT: cluster randomized control trial, NR: not reported, NRCT nonrandomized controlled trial
* Multidisciplinary interventions included prescribers and nursing staff
† This study also included NH residents and their families
Table 2, KQ 5, Do ASPs Reduce Antibiotic Prescribing?

	Author, year
	Study Design
	Study Length (months) 
	Number of NH
	Intervention
	Intervention Subjects
	Results, Overall Antibiotics
	Results, Indication Specific Antibiotics

	Doernberg, 2015
	Before-after, no control
	7 
	3
	ID Team Consult
	Prescribers
	Decreased prescriptions by 5% (effect measures NR)
	UTI: Decreased prescribing for UTI 6% (95% CI 3% to-8%) 

	Fleet, 2014
	cRCT
	18 
	30

	Nursing ASP form 
	Nurses
	Decreased prescriptions by 4.9% (95% CI 1.0 to 8.6%) 
	NR

	Jump, 2012  
	Before- after, no control
	36 
	1
	ID Team Consult 
	Prescribers
	Decreased prescribing by 30.1% (p<0.001)
	NR

	Loeb, 2005
	cRCT
	18 
	24
	NH Infection specific algorithms for MD and nurse, Individual meetings with prescribers
	Prescribers and nurses
	Weighted mean difference, intervention vs. control:

 -0.37 (95% CI -1.17 to 0.44) 
	UTI: weighted mean difference in prescribing   -9.6% (95% CI-16.9%--2.4%)

	Pettersson, 2011
	cRCT
	9 
	58
	Audit and feedback for MD and nurse, local resistance profiles
	Prescribers and nurses
	NR
	UTI: Decreased  prescribing by OR= 0.124 (95% CI 0.019 to 0.228)

	Van Buul, 2015 
	Controlled Before-After
	8


	10
	QI process for NH MD and nurses for specific guidelines, audit and feedback
	Prescribers and nurses
	NSC
	UTI: OR= 0.74 (95% CI 0.39to 1.40) 

RTI: 0.95 (95%CI 0.39 to 2.33) 

	Zabarsky, 2008 
	Before-After
	30 
	1
	MD and nursing interview and pocket cards
	Prescribers and nurses
	NR
	ASB Overtreatment: IRR 0.37 (0.19-0.72, p=0.02)

	Zimmerman, 2014
	NRCT
	8 
	12
	Education sessions for nursing, prescribers and families
	Prescribers, nurses, residents and their families 
	Decrease in 11.1 prescription per 1000 resident-days from baseline 
	NR


ASB- asymptomatic bactiuria, ID- infectious disease, IRR- incidence rate ratio, LMC- Loeb Minimum Criteria, NHAP- nursing home acquired pneumonia, NR- not reported, NRCT-non-randomized control trial, NSC- no significant change, QI- quality improvement, RCT-randomized control trial, RTI- respiratory tract infection, UTI- urinary tract infection
Table 3, KQ 6, Do ASPs Improve Guideline Adherence? 

	Author, Year
	Study Design
	Study Length (months)
	Number of NH
	Intervention
	Intervention Subjects
	Results, Guideline Measured 
	Results, Treatment adherent to guideline? 

	Doernberg, 2015
	Before-After, no control
	7
	3
	ID Team Consult
	Prescribers
	LMC
	NR

	Fleet, 2014 
	cRCT
	18
	30
	Nursing ASP form
	Nurses
	MCG , LMC
	MCG: Relative increase in intervention NH compared to control NH 6.44 (p=0.004)

LMC:  Relative increase 7.8% of pre-intervention to post intervention NH group, (no measure of variance reported)

	Hutt, 2006 
	Controlled Before- After
	36 
	2
	Nursing: conference, toolkit, pocket card 

MD: conference, pocket card, preprinted orders
	Prescribers and nurses
	NHAP Management Guidelines
	5 point increase in overall compliance (no measure of variance reported) 

	Hutt, 2011
	Controlled Before-After
	36 
	16
	Nursing: conference, toolkit, pocket card 

MD: conference, pocket card, preprinted orders
	Prescribers and nurses
	NHAP Management Guidelines
	NR 

	Linnebur, 2011 
	Controlled Before-After
	36 
	16
	Nursing: conference, toolkit, pocket card 

MD: NHAP conference, pocket cards, preprinted orders 
	Prescribers and nurses
	NHAP Management Guidelines
	Timing:44% (p=0.0003) increase in antibiotics administered  within 4 hours of order

Correct Antibiotic: NSC

Therapy Duration: NSC

	McMaughan, 2016
	NRCT
	12 
	12
	Decision aid and IT support
	Prescribers and nurses
	LMC, High Guidelines 
	Nonadherent antibiotics: High fidelity NH OR=0.35 (95% CI 0.16-0.76) for antibiotics

Others: NR 



	Monette, 2007
	cRCT
	16 
	8
	MD audit and guide
	Prescribers, Pharmacist
	Study Specific 
	Nonadherent Antibiotics: OR=0.36 (95% CI 0.18-0.73) for intervention compared to control 

	Naughton, 2001
	cRCT 
	12 
	10
	MD only (education, pocket cards) 

vs. 

MD (education and pocket cards) and RN education 
	Prescribers vs. Prescribers AND nurses
	Study Specific 
	Adherent Antibiotics: Multidisciplinary arm increased correct antibiotics 31.8% (p=0.06) while the prescriber-only arm had NSC

	Pettersson, 2011
	cRCT
	9 
	58
	Audit for MD and nurse, local resistance profiles
	Prescribers and nurses
	Study Specific 
	NR 



	Van Buul, 2015 
	Controlled Before After
	8 
	10
	QI process for NH specific guidelines, audit and feedback
	Prescribers and nurses
	Study Specific 
	Adherence to Guideline

UTI with catheter: 15.9%  (no measure of variance reported) 

UTI without catheter: 8.3% (no measure of variance reported) 

RTI: 0.8% (no measure of variance reported)  


ASB- asymptomatic bactiuria, ID- infectious disease, IRR- incidence rate ratio, LMC- Loeb Minimum Criteria, NHAP- nursing home acquired pneumonia, NR- not reported, NRCT-non-randomized control trial, NSC- no significant change, QI- quality improvement, RCT-randomized control trial, RTI- respiratory tract infection, UTI- urinary tract infection
Figure 1, PRISMA Flow Diagram
Discussion 


Reduction of potentially inappropriate antibiotic prescribing through ASPs is considered a high priority in NHs, to help reduce the rate of MDROs.  This systematic review did not find evidence that NH ASPs change mortality, incidence of CDI, or the rates of ER visits or hospitalization. The studies reviewed did, however, indicate that ASPs can change intermediate health outcomes by reducing the number of antibiotic prescriptions in the NH. Given the limitations of included studies and difficulty in measuring effectiveness of ASPs in the NH setting, conclusions about the benefits and harms of these interventions are limited. In the hospital, this intermediate outcome has been associated with potentially improving antibiotic susceptibility of MDROs53 while not increasing mortality. 54

One of the concerns about antibiotic stewardship in the NH is that more residents will die as a result of untreated infectious illness. Only one study in this review, Loeb 2005, found that the intervention studied led to fewer antibiotic prescriptions while not changing the overall mortality in 18 months. This review does not support or refute this concern. These results are similar to a recent review which found there was no evidence that ASPs in the hospital reduce patient mortality.  54 ASPs can reduce total antibiotic prescriptions in the hospital and more patients are not dying because of improperly treated infections. The NH population potentially could see the same benefits with reduced costs and complications, particularly CDI. 


CDI is one of the most concerning complications of inappropriate antibiotic use in the NH. The 2 studies in this review that measured the incidence of CDI used consults from an ID team which consisted of an ID trained physician and pharmacist. The effect of the intervention may have been limited for several reasons. The data from ASPs in the hospital indicate that these programs can reduce CDI but over 5 years. 55 It is possible that the studies in this review were not long enough to create a change in this potentially deadly infection. CDIs occur in the NH resident without recent antibiotic use. 56 As this intervention was only directed at prescribers, it did not address the caregivers in the NH. These individuals provide the majority of patient care and may be responsible for the transmission of this organism. Prescriber exclusive interventions may be too narrow to have an effect on overall CDI infection in the NH setting. The other studies in this review indicate that ASPs in the NH can be effective by including more members of the NH staff. 


Eight of the included studies in this review found that antibiotic prescriptions can be reduced with staff inclusive ASPs. Fleet required nurses to complete forms describing antibiotic use with a focus on antibiotic stewardship. This approach was interesting as antibiotic prescriptions are often given when the prescriber is away from the NH 57 and treatment decisions rely on nursing assessments. Fleet’s intervention changed prescribing practices by focusing on nurses rather than prescribers. It was associated with a 5% overall reduction of antibiotic prescriptions in intervention homes. Interventions that included prescribers and nurses were common. Five studies (Loeb, Pettersson, van Buul, Zabarsky, and Zimmmerman) specifically provided educational sessions for the recommended management of common bacterial infections for the NH.  These multidisciplinary interventions led to reductions in prescriptions compared to their previous performance in other NHs. Zimmerman coordinated a quality improvement initiative with the studied ASP to educate physicians, nurses, residents and their families on the role of antibiotic stewardship. NH caregivers often identify the families as driving forces for prescribing antibiotics. 58 Zimmerman’s results indicate that including these voices can reduce overall prescribing. Other studies included in this review used treatment guidelines in their ASPs.  


Ten of the 14 included studies in this review measured adherence to recommended guidelines as outcomes. Three studies in this review measured both prescription number and guideline adherence as outcomes. Fleet measured compliance with the McGeer and Loeb criteria, Pettersson measured compliance with the Loeb criteria. van Buul used a guideline specific to this study based around these criteria and expert opinion. Seven other studies measured adherence to guidelines specifically designed for the intervention studied based on expert opinion. Most NH guidelines are based on expert opinion reflecting the lack of high quality evidence in this complicated setting. 26, 27 NH providers may believe that antibiotic prescribing is less harmful than not prescribing. This mentality needs to be challenged in the era of antibiotic stewardship. This review provides some guidance for developing effective ASPs for the NH.


Audits of individual performance have been used in various quality improvement initiatives to change practice patterns. Three studies in this review (Monette, Pettersson, and van Buul) used provider specific audits and feedback to encourage changes in antibiotic prescribing. As the unit of comparison is NHs, it may be valuable for the entire NH’s prescribing practices to be audited. This information should be available to the entire facility so that the facility can be empowered to change practices.


There are many reasons the data from this review are limited.  Only 5 of the 14 studies were randomized controlled trials; so other interventional trials were included because the literature in this area is scant. The included studies had significant risk of bias, as described in Appendix B.  The rates of attrition were often not reported. Only Naughton and Zimmerman ensured that their data abstractors were blinded to the NH allocation. The other 12 studies are at risk of selection, performance, and detection bias. Publication bias may have affected the reported outcomes. The overall heterogeneity of the included studies may make application of this review challenging. NHs generally reflect a heterogeneous population the challenges in application could be minimized with customization. Additionally, it is difficult to improve final health outcomes in NHs, because their resident population is frailer than community dwelling populations, carrying more disabilities and chronic illnesses. These competing conditions increase the mortality rate of NH residents overall. NH residents are more likely to die when they fall ill with bacterial infections. 59 


 ASPs are now mandated in the NH11, yet it remains unclear what portions of these programs are most effective in changing practices. The effectiveness of ASPs in the hospital are recognized after years of diligent work, and the patient volume is much higher in hospitals than NHs; so short study length and lower sample sizes likely reduced the ability of published NH studies to identify statistically significant changes. The ideal study length to measure ASPs outcomes in the NH may be even longer than the hospital based programs. The longest studies for this review were conducted over 3 sequential flu seasons (Hutt 2006, Hutt 2011, and Linnebur) and they did not report a significant change in prescribing practices. Many of the outcomes reported in this review may be biased. Bias could be minimized in future work with blinded data collectors and reviewers. The ideal study to evaluate the outcomes of ASPs in the NH would be a cRCT that evaluates the effects of a multidisciplinary intervention that includes educational support for prescribers, nursing staff, NH residents, and their families.  ID experts may help design the intervention. The ASP would include facility specific antibiograms, as was done by Petersson. 46 The outcomes measured would be total number of antibiotic prescriptions, the indication specific prescriptions and adherence to recommended guidelines. The health utilization outcomes of interest could include the rates of ER use, the rates of hospital admissions and the infection specific mortality rates. The data from such a study could help NHs effectively distribute their limited resources for the goal of antibiotic stewardship. 


In conclusion, the evidence on the effectiveness is encouraging but not definitive. ASPs in NHs can reduce antibiotic prescriptions and potentially improve the health of NH residents. Antibiotic stewardship recommendations recognize the tension between the autonomy of individual providers with prescribing independence and the public health threat resultant from inappropriate therapy. 60 ASPs are now mandated in the NH and the CDC provides recommendations for key elements of effective programs. 61 This review found support for many of these recommendations but also identified important areas for further research.
APPENDIX A,  PICOTSS Criteria
	
	Include
	Exclude

	Language
	English
	Languages other than English

	Populations
	Adults (age >18) residing in NH for any amount of time

Providers within a NH (including physicians, physician extenders, nursing staff, pharmacists). 

Studies examining prophylactic prescribing OR therapeutic prescribing 
	Children and adolescents; pregnant women;  active cancer patients, immunosuppression NOT due to aging immune system (HIV,cancer with active treatment, organ transplant recipients, etc), hemodialysis patients.  

Studies focused on screening (for ASB for example), diagnosis, or specific  treatment of bacterial infections among persons with a rare condition (e.g., CVID)

	Treatment/

management interventions
	Educational 

Intervention to Prescribers  AND/OR

Educational Intervention to Caregivers AND/OR  

Educational Interventions for residents or families

Facility Specific Diagnosis and Treatment Antibiograms 

Facility specific pocket cards for providers OR nurses 

Prescription audit and feedback 

Consult with ID MD OR ID Pharmacist 

Structured Interviews 
	Post-operative surgical patients receiving antibiotic prophylaxis

Studies to prevent MDRO acquisition 

Studies to prevent C. diff infection 

Studies only looking at 1 intervention (eg, handwashing) 

Studies describing the prevalence of ASPs 

	Comparisons
	NH with ASPs vs. NH without ASPs, pre- vs. post. 
	No comparison; nonconcordant historical controls; comparative studies of various interventions (e.g., comparing ASPs specific for UTI prescribing to ASPs specific for PNA prescribing) 

	Outcomes 
	Final Health Outcomes

KQ 1: Do ASPs decrease the mortality rate in the NH?

KQ 2: Do ASPs decrease incidence of CDI in the NH?  

Healthcare Utilization Outcomes

KQ3: Do ASPs decrease the number of antibiotic prescriptions in the NH?

KQ 4: Do ASPs increase guideline adherent antibiotic prescriptions in the NH? 

Intermediate Health Outcomes 

KQ 5: Decreased number of ER visits for suspected infection (including sepsis, PNA, UTI, cellulitis)

KQ6: Decreased number of hospital admissions for sepsis, PNA, UTI, cellulitis
	

	Timing
	No exclusions
	Limited data 

	Setting
	Studies conducted in countries categorized as “Very High” on the Human Development Index, as defined by the United Nations Development Programme

Nursing home (home for the aged, skilled nursing facility, long-term care)
	Studies conducted in countries not “Very High”

Studies that are exclusively LTACHs 

	Study designs
	KQs 1-6: RCTs; controlled trials, pre- post studies,  previously published systematic reviews (only for the purposes of identifying existing studies)
	All other designs


APPENDIX B.  Complete Search terms and Limits

Pubmed searches, March 4, 2017

	Search 
	Query 
	Items Found 

	1
	"Long-Term Care"[Mesh] OR "Nursing Homes"[Mesh]) OR "Homes for the Aged"[Mesh] OR (“Nursing home” OR “nursing homes” OR “long term care home” OR “long term care” OR “longterm care” OR “elder care” OR “residential care facility” OR “residential care facilities”)
	75731

	2
	“drug use” OR “antibiotic use” OR “Referral and Consultation”[MeSH] OR "Drug Utilization Review"[Mesh] OR "Education, Medical"[Mesh]) OR "Education, Nursing"[Mesh] OR "Guideline Adherence"[Mesh] OR "Practice Patterns, Physicians'"[Mesh] OR "Practice Patterns, Nurses'"[Mesh] OR ("Prescriptions"[Mesh] OR “nurses’ practice patterns” OR “physician’s practice patterns” OR “guideline adherence” OR “guidelines” OR “practice guideline” OR “prescription”)
	744737

	3
	“antibiotics” OR “antibiotic” OR “anti-biotic” OR “antimicrobials” OR “anti-microbial” OR “antimicrobial” OR “antibiotic agent” OR “antibiotic agents” OR “anti-biotic agent” OR “antimicrobial agent” OR “anti-bacterial agent” OR “antibacterial agent” OR “anti-bacterial agents” OR “antibacterial agents” OR "antibiotic stewardship” OR “anti-biotic stewardship” OR “antimicrobial stewardship” OR “antibiotic stewardship program” OR “anti-biotic stewardship program” OR “antimicrobial stewardship program” OR “antibiotic optimization”
	876276

	4
	((("Randomized Controlled Trial"[Publication Type] OR "Single-Blind Method"[MeSH] OR "Double-Blind Method"[MeSH] OR "Random Allocation"[MeSH])) OR 

((randomized[title/abstract] AND controlled[title/abstract] AND trial[title/abstract]) OR (controlled[title/abstract] AND trial[title/abstract]) OR "controlled clinical trial"[publication type] OR "Randomized Controlled Trial"[Publication Type] OR "Single-Blind Method"[MeSH] OR "Double-Blind Method"[MeSH] OR "Random Allocation"[MeSH])) 

OR (("review"[Publication Type] AND "systematic"[tiab]) OR "systematic review"[All Fields] OR ("review literature as topic"[MeSH] AND "systematic"[tiab]) OR "meta-analysis"[Publication Type] OR "meta-analysis as topic"[MeSH Terms] OR "meta-analysis"[All Fields])) 

OR ("Case-Control Studies"[MeSH] OR "Cohort Studies"[MeSH] OR "Epidemiologic Studies"[MeSH] OR "Cross-Sectional Studies"[MeSH] OR "Organizational Case Studies"[MeSH] OR "Cross-Over Studies"[MeSH] OR "Follow-Up Studies"[MeSH] OR "Seroepidemiologic Studies"[MeSH] OR "Evaluation Studies"[Publication Type] OR “observational study” OR “observational studies”) 

OR “clinical trial”)
	3073316

	5
	Program OR stewardship OR intervention
	1044263

	6
	((("Randomized Controlled Trial"[Publication Type] OR "Single-Blind Method"[MeSH] OR "Double-Blind Method"[MeSH] OR "Random Allocation"[MeSH])) OR 

((randomized[title/abstract] AND controlled[title/abstract] AND trial[title/abstract]) OR (controlled[title/abstract] AND trial[title/abstract]) OR "controlled clinical trial"[publication type] OR "Randomized Controlled Trial"[Publication Type] OR "Single-Blind Method"[MeSH] OR "Double-Blind Method"[MeSH] OR "Random Allocation"[MeSH])) 

OR (("review"[Publication Type] AND "systematic"[tiab]) OR "systematic review"[All Fields] OR ("review literature as topic"[MeSH] AND "systematic"[tiab]) OR "meta-analysis"[Publication Type] OR "meta-analysis as topic"[MeSH Terms] OR "meta-analysis"[All Fields])) 

OR ("Case-Control Studies"[MeSH] OR "Cohort Studies"[MeSH] OR "Epidemiologic Studies"[MeSH] OR "Cross-Sectional Studies"[MeSH] OR "Organizational Case Studies"[MeSH] OR "Cross-Over Studies"[MeSH] OR "Follow-Up Studies"[MeSH] OR "Seroepidemiologic Studies"[MeSH] OR "Evaluation Studies"[Publication Type] OR “observational study” OR “observational studies”) OR “clinical trial”)

AND (“drug use” OR “antibiotic use” OR “Referral and Consultation”[MeSH] OR "Drug Utilization Review"[Mesh] OR "Education, Medical"[Mesh]) OR "Education, Nursing"[Mesh] OR "Guideline Adherence"[Mesh] OR "Practice Patterns, Physicians'"[Mesh] OR "Practice Patterns, Nurses'"[Mesh] OR "Prescriptions"[Mesh] OR “nurses’ practice patterns” OR “physician’s practice patterns” OR “guideline adherence” OR “guidelines” OR “practice guideline” OR “prescription”)AND ( 

 "Long-Term Care"[Mesh] OR "Nursing Homes"[Mesh]) OR "Homes for the Aged"[Mesh] OR "Nursing Homes"[Mesh] OR "Homes for the Aged"[Mesh] OR "Nursing Homes"[Mesh] OR “Nursing home” OR “nursing homes” OR “long term care home” OR “long term care” OR “longterm care” OR “elder care”) AND (“antibiotics” OR “antibiotic” OR “anti-biotic” OR “antimicrobials” OR “anti-microbial” OR “antimicrobial” OR “antibiotic agent” OR “antibiotic agents” OR “anti-biotic agent” OR “antimicrobial agent” OR “anti-bacterial agent” OR “antibacterial agent” OR “anti-bacterial agents” OR “antibacterial agents” OR "antibiotic stewardship” OR “anti-biotic stewardship” OR “antimicrobial stewardship” OR “antibiotic stewardship program” OR “anti-biotic stewardship program” OR “antimicrobial stewardship program” OR “antibiotic optimization”) AND  (Program OR stewardship OR intervention)
	289

	
	
	289


EMBASE searches, March 4, 2017

	Search 
	Query 
	Items Found 

	1
	"Long-Term Care" OR "Nursing Homes" OR "Homes for the Aged" OR (“Nursing home” OR “long term care home” OR “longterm care” OR “elder care” OR “residential care facility” OR “residential care facilities”)
	160905

	2
	'drug use' OR 'antibiotic use' OR 'referral and consultation' OR 'drug utilization review' OR 'practice patterns physicians' OR 'practice patterns nurse' OR 'prescriptions' OR 'nurse practice patterns' OR 'physician practice patterns' OR 'guideline adherence' OR guidelines OR 'practice guideline' OR prescription
	800421

	3
	“antibiotics” OR “antibiotic” OR “anti-biotic” OR “antimicrobials” OR “anti-microbial” OR “antimicrobial” OR “antibiotic agent” OR “antibiotic agents” OR “anti-biotic agent” OR “antimicrobial agent” OR “anti-bacterial agent” OR “antibacterial agent” OR “anti-bacterial agents” OR “antibacterial agents” OR "antibiotic stewardship” OR “anti-biotic stewardship” OR “antimicrobial stewardship” OR “antibiotic stewardship program” OR “anti-biotic stewardship program” OR “antimicrobial stewardship program” OR “antibiotic optimization”
	776234

	4
	'drug use' OR 'antibiotic use' OR 'referral and consultation' OR 'drug utilization review' OR 'education medical' OR 'education nursing' OR 'practice patterns physicians' OR 'practice patterns nurses' OR 'prescriptions' OR 'nurses practice patterns' OR 'physician practice patterns' OR 'guideline adherence' OR 'guidelines' OR 'practice guideline' OR 'prescription' AND ('long-term care' OR 'homes for the aged' OR 'nursing home' OR 'nursing homes' OR 'long term care home' OR 'long term care' OR 'longterm care' OR 'elder care') AND ('antibiotics' OR 'antibiotic' OR 'anti-biotic' OR 'antimicrobials' OR 'anti-microbial' OR 'antimicrobial' OR 'antibiotic agent' OR 'antibiotic agents' OR 'anti-biotic agent' OR 'antimicrobial agent' OR 'anti-bacterial agent' OR 'antibacterial agent' OR 'anti-bacterial agents' OR 'antibacterial agents' OR 'antibiotic stewardship' OR 'anti-biotic stewardship' OR 'antimicrobial stewardship' OR 'antibiotic stewardship program' OR 'anti-biotic stewardship program' OR 'antimicrobial stewardship program' OR 'antibiotic optimization') AND (program OR stewardship OR intervention)
	325


CINAHL Searches, March 4, 2017

	Search 
	Query 
	Items Found 

	
	( 'drug use' OR 'antibiotic use' OR 'referral and consultation' OR 'drug utilization review' OR 'education medical' OR 'education nursing' OR 'practice patterns physicians' OR 'practice patterns nurses' OR 'prescriptions' OR 'nurses practice patterns' OR 'physician practice patterns' OR 'guideline adherence' OR 'guidelines' OR 'practice guideline' OR 'prescription' ) AND ( ('long-term care' OR 'homes for the aged' OR 'nursing home' OR 'nursing homes' OR 'long term care home' OR 'long term care' OR 'longterm care' OR 'elder care') ) AND ( ('antibiotics' OR 'antibiotic' OR 'anti-biotic' OR 'antimicrobials' OR 'anti-microbial' OR 'antimicrobial' OR 'antibiotic agent' OR 'antibiotic agents' OR 'anti-biotic agent' OR 'antimicrobial agent' OR 'anti-bacterial agent' OR 'antibacterial agent' OR 'anti-bacterial agents' OR 'antibacterial agents' OR 'antibiotic stewardship' OR 'anti-biotic stewardship' OR 'antimicrobial stewardship' OR 'antibiotic stewardship program' OR 'anti-biotic stewardship program' OR 'antimicrobial stewardship program' OR 'antibiotic optimization') AND (program OR stewardship OR intervention) )
	132

	
	
	132

	
	( 'drug use' OR 'antibiotic use' OR 'referral and consultation' OR 'drug utilization review' OR 'education medical' OR 'education nursing' OR 'practice patterns physicians' OR 'practice patterns nurses' OR 'prescriptions' OR 'nurses practice patterns' OR 'physician practice patterns' OR 'guideline adherence' OR 'guidelines' OR 'practice guideline' OR 'prescription' ) AND ( ('long-term care' OR 'homes for the aged' OR 'nursing home' OR 'nursing homes' OR 'long term care home' OR 'long term care' OR 'longterm care' OR 'elder care') ) AND ( ('antibiotics' OR 'antibiotic' OR 'anti-biotic' OR 'antimicrobials' OR 'anti-microbial' OR 'antimicrobial' OR 'antibiotic agent' OR 'antibiotic agents' OR 'anti-biotic agent' OR 'antimicrobial agent' OR 'anti-bacterial agent' OR 'antibacterial agent' OR 'anti-bacterial agents' OR 'antibacterial agents' OR 'antibiotic stewardship' OR 'anti-biotic stewardship' OR 'antimicrobial stewardship' OR 'antibiotic stewardship program' OR 'anti-biotic stewardship program' OR 'antimicrobial stewardship program' OR 'antibiotic optimization') AND (program OR stewardship OR intervention) )
	61, age 65+ (44 imported, 88 already in library)

	
	
	


Cochrane Review Library, February 23, 2017 

	Search 
	Query 
	Items Found 

	1
	antibiotic stewardship AND nursing home
	6

	2
	"antibiotic prescribing" AND "nursing home"
	13

	3
	"antibiotic stewardship" AND "nursing home"
	6


ClinicalTrials.gov, February 28, 2017

	Search 
	Query 
	Items Found 

	1
	antibiotic stewardship AND nursing home
	1


Appendix C. Quality Assessment and Risk of Bias Assessment for Included Studies 

	Study
	        Was the study described as randomized, a randomized trial, a randomized clinical trial, or an RCT?
	        Was the method of randomization adequate (i.e., use of randomly generated assignment)?
	       Was the treatment allocation concealed (so that assignments could not be predicted)?
	Were study participants and providers blinded to treatment group assignment?
	Were the people assessing the outcomes blinded to the participants' group assignments?
	Were the groups similar at baseline on important characteristics that could affect outcomes (e.g., demographics, risk factors, co-morbid conditions)?
	Was the overall drop-out rate from the study at endpoint 20% or lower of the number allocated to treatment?
	Was the differential drop-out rate (between treatment groups) at endpoint 15 percentage points or lower?
	Was there high adherence to the intervention protocols for each treatment group?
	Were other interventions avoided or similar in the groups (e.g., similar background treatments)?
	Were outcomes assessed using valid and reliable measures, implemented consistently across all study participants?
	Did the authors report that the sample size was sufficiently large to be able to detect a difference in the main outcome between groups with at least 80% power?
	Were outcomes reported or subgroups analyzed prespecified (i.e., identified before analyses were conducted)?
	Were all randomized participants analyzed in the group to which they were originally assigned, i.e., did they use an intention-to-treat analysis?
	      Overall Rating

	Fleet
	Y
	CD
	CD
	N
	N
	Y
	Y
	CD
	NR
	NR
	Y
	Y
	Y
	Y
	Fair

	Loeb
	Y
	Y
	CD
	N
	CD
	Y
	Y
	Y
	NR
	NR
	Y
	Y
	Y
	NR
	Good

	Naughton
	Y
	NR
	CD
	N
	Y
	Y
	Y
	Y
	NR
	NR
	Y
	NR
	Y
	NR
	Fair

	Pettersson
	Y
	Y
	NR
	N
	N
	Y
	NR
	NR
	NR
	NR
	Y
	Y
	Y
	N
	Good

	Monette
	Y
	Y
	NR
	N
	N
	Y
	N
	N
	NR
	NR
	Y
	CD
	Y
	N
	Good



Randomized Controlled Trials 

	Study
	Was the study question or objective clearly stated?
	Were eligibility/selection criteria for the study population prespecified and clearly described?
	Were the participants in the study representative of those who would be eligible for the test/service/intervention in the general or clinical population of interest?
	Were all eligible participants that met the prespecified entry criteria enrolled?
	Was the sample size sufficiently large to provide confidence in the findings?
	Was the test/service/intervention clearly described and delivered consistently across the study population?
	Were the outcome measures prespecified, clearly defined, valid, reliable, and assessed consistently across all study participants?
	Were the people assessing the outcomes blinded to the participants' exposures/interventions?
	Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the analysis?
	Did the statistical methods examine changes in outcome measures from before to after the intervention? Were statistical tests done that provided p values for the pre-to-post changes?
	Were outcome measures of interest taken multiple times before the intervention and multiple times after the intervention (i.e., did they use an interrupted time-series design)?
	Were outcome measures of interest taken multiple times before the intervention and multiple times after the intervention (i.e., did they use an interrupted time-series design)?
	Overall Rating

	Doernberg
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	N
	NR
	Y
	Y
	Y
	Good

	Hutt, 2006
	Y
	Y
	Y
	Y
	Y
	NR
	Y
	N
	NR
	Y
	Y
	Y
	Good

	Hutt, 2011
	Y
	Y
	Y
	Y
	Y
	NR
	Y
	N
	NR
	Y
	Y
	Y
	Good

	Jump
	Y
	Y
	NR
	Y
	Y
	Y
	Y
	N
	NR
	Y
	Y
	Y
	Fair

	Leduc 
	Y
	Y
	Y
	NR
	Y
	Y
	Y
	N
	NR
	N
	N
	Y
	Fair

	Linnebur
	Y
	Y
	Y
	NR
	Y
	NR
	Y
	N
	NR
	Y
	Y
	Y
	Good

	McMaughan
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	N
	NR
	Y
	Y
	Y
	Good

	Van Buul 
	Y
	Y
	Y
	Y
	Y
	Y
	NR
	N
	NR
	Y
	n
	Y
	Good

	Zabarsky 
	N
	Y
	Y
	Y
	Y
	Y
	Y
	NR
	NR
	Y
	Y
	Y
	Fair

	Zimmerman 
	Y
	Y
	Y
	Y
	Y
	NR
	Y
	Y
	NR
	Y
	Y
	Y
	Good 


Intervention Trials 

APPENDIX D, Exclusion Criteria

Incorrect Population 
Kassett N, Sham R, Aleong R, Yang D, Kirzner M, Craft A. Impact of Antimicrobial Stewardship on Physician Practice in a Geriatric Facility. Can J Hosp Pharm. 2016 Nov-Dec;69(6):460-465. 
Lohfeld L, Loeb M, Brazil K.Evidence-based clinical pathways to manage urinary tract infections in long-term care facilities: a qualitative case study describing administrator and nursing staff views. J Am Med Dir Assoc. 2007 Sep;8(7):477-84.
Mody L, Krein SL, Saint S, Min LC, Montoya A, Lansing B, McNamara SE, Symons K, Fisch J, Koo E, Rye RA, Galecki A, Kabeto MU, Fitzgerald JT, Olmsted RN, Kauffman CA, Bradley SF.A targeted infection prevention intervention in nursing home residents with indwelling devices: a randomized clinical trial. JAMA Intern Med. 2015 May;175(5):714-23. 
Rummukainen ML, Jakobsson A, Matsinen M, Järvenpää S, Nissinen A, Karppi P, Lyytikäinen O.Reduction in inappropriate prevention of urinary tract infections in long-term care facilities.Am J Infect Control. 2012 Oct;40(8):711-4. 
Schwartz DN, Abiad H, DeMarais PL, Armeanu E, Trick WE, Wang Y, Weinstein RA.An educational intervention to improve antimicrobial use in a hospital-based long-term care facility. J Am Geriatr Soc. 2007 Aug;55(8):1236-42.

Trautner BW, Grigoryan L, Petersen NJ, Hysong S, Cadena J, Patterson JE, Naik AD. Effectiveness of an Antimicrobial Stewardship Approach for Urinary Catheter-Associated Asymptomatic Bacteriuria. JAMA Intern Med. 2015 Jul;175(7):1120-7. 
Wilson BM, Shick S, Carter RR, Heath B, Higgins PA, Sychla B, Olds DM, Jump RL. An online course improves nurses' awareness of their role as antimicrobial stewards in nursing homes. Am J Infect Control. 2017 Feb 8. pii: S0196-6553(17)30004-4. 

Incorrect Intervention 
Fendler EJ, Ali Y, Hammond BS, Lyons MK, Kelley MB, Vowell NA. The impact of alcohol hand sanitizer use on infection rates in an extended care facility. Am J Infect Control. 2002 Jun;30(4):226-33.
Incorrect Study Design 

Burns K, Roche F, Donlon S.Healthcare-associated infections and antimicrobial use in long-term care facilities: the Irish experience with the HALT surveys. J Hosp Infect. 2015 Apr;89(4):276-80
Jump RL, Olds DM, Jury LA, Sitzlar B, Saade E, Watts B, Bonomo RA, Donskey CJ.Specialty care delivery: bringing infectious disease expertise to the residents of a Veterans Affairs long-term care facility. J Am Geriatr Soc. 2013 May;61(5):782-7.

Malani AN, Richards PG, Kapila S, Otto MH, Czerwinski J, Singal B. Clinical and economic outcomes from a community hospital's antimicrobial stewardship program. Am J Infect Control. 2013 Feb;41(2):145-8. 

Morrill HJ, Mermel LA, Baier RR, Alexander-Scott N, Dosa D, Kavoosifar S, Reece R, LaPlante KL. Antimicrobial Stewardship in Rhode Island Long-Term Care Facilities: Current Standings and Future Opportunities. Infect Control Hosp Epidemiol. 2016 Aug;37(8):979-82.

Poor Quality 

Gugkaeva Z, Franson M. Pharmacist-led model of antibiotic stewardship in a long-term care facility. Annals of Long-Term Care: Clinical Care and Aging. 2012;20(10):22-26. 

Leduc A. Reducing the treatment of asymptomatic bacteriuria in seniors in a long-term care facility. Can Nurse. 2014 Oct;110(7):25-30.
Rahme CL, Jacoby HM, Avery LM. Impact of a Hospital's Antibiotic Stewardship Team on Fluoroquinolone Use at a Long-Term Care Facility. Annals of Long Term Care. 2016 Jun; 24(6) 13-20
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