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ABSTRACT

Isolation Precautions Use for Multidrug-Resistant Organism Infection in Nursing Homes:
Evidence for Decision-Making

Catherine Crawford Cohen

Over the past decade, efforts led by the U.S. Department of Health and Human Services (HHS)
have reduced healthcare-associated infections in acute care settings nationally.3* In 2013, HHS identified
that the next phase of these healthcare-associated infection reduction initiatives would target long-term
care facilities through the publication of a new chapter in the National Action Plan to Prevent Health Care
Associated Infections devoted to this setting.168 Long-term care facilities are nursing facilities that provide
“medical, skilled nursing and rehabilitative services on an inpatient basis to individuals who need
assistance preforming activities of daily living, such as bathing and dressing”.161 These facilities are the
primary residence for 2.5 million, predominantly elderly Americans®®” and represented $143 billion
nationally in healthcare costs as of 2010.161 Accordingly, it is a national priority to reduce healthcare-
associated infections in this setting and protect this vulnerable population.

Healthcare-associated infections caused by multidrug-resistant organisms (MDROS) are a
particular burden in the long-term care population.'®® These pathogens, usually bacteria, are defined as
being resistant to one or more classes of antimicrobial agents. However, MDROs frequently exhibit
resistance to nearly all antimicrobial drugs.18 Clinical infection control guidelines recommend isolation
precautions to prevent MDRO transmission, based on evidence collected in acute care settings.!!!
However, the limited evidence that is available from studies in long-term care facilities suggests that
isolation precautions may not be effective in this setting.16* Given that the reduction of antibiotic resistant
infections is a priority of the HHS,168 The White House,122 Healthy People 2020,78 and the World Health
Organization,”s it is necessary to confirm and support the appropriate use of isolation precautions for
MDROs with evidence specific to long-term care facilities.

Therefore, this dissertation describes the current evidence for and use of isolation precautions in
long-term care facilities for MDROs. Further, it offers the most comprehensive descriptions of both
isolation precautions use and predictors of MDRO infection in nursing homes (NHs), a specific type of

long-term care residential setting. To assist the reader, Chapter 1 will provide background for these



studies including context for current infection control and prevention practices in long-term care facilities,
the importance of MDRO infections and the need for new evidence regarding isolation precautions in
long-term care. It will also discuss the aims and significance of this dissertation in context of a conceptual
framework, gaps in the literature and potential to improve clinical practice. Next, Chapters 2 and 3 of this
dissertation systematically review the current evidence regarding effectiveness of isolation precautions
against MDROs and the cost of infection prevention and control in this setting, respectively. These
chapters outline how publications focused on long-term care are lacking in quality and quantity and offer
suggestions for improvement in future research. Chapter 4 qualitatively describes decision-making
process regarding use of isolation-based infection prevention techniques in NHs, which depends on four
key considerations: perceived risk of transmission, conflict with quality of life goals, resource availability
and lack of understanding. Chapter 5 builds on this qualitative analysis by quantitatively examining
predictors of isolation precautions use for MDRO infection in a large, national dataset. This analysis
confirms that isolation is rarely used and there is variation across NHs’ practice. However, NH staff may
be tailoring infection prevention and control practice to the needs of specific residents, as would be
expected based on the results of the qualitative analysis. Chapter 6 presents an analysis of MDRO
infection predictors among elderly NH residents across the U.S. This study confirms concepts associated
with MDRO infection in previous studies (e.g., low functionality) and provides more specificity in
operationalization of these concepts than has been previously determined (e.g., needing support with
locomotion), which can inform future use of isolation precautions in NHs. Finally, Chapter 7 contains a
synthesis and discussion of these findings, as well as recommendations for health policy and future

research regarding contact isolation precautions against MDROSs in NHs.
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Chapter 1: Introduction

The following chapter introduces the problem of infection prevention and control in long-term care
facilities. More specifically, it outlines the challenges due to multidrug-resistant organism (MDRO)
infections in this setting and provides an overview of isolation precautions, which are part of the current
standard of care to control and prevent MDRO transmission. This chapter also addresses the challenges
of infection prevention and control unique to the long-term care setting, particularly preventing MDRO
infection in nursing homes (NHs). After these topics are discussed in the context of the most recent
scientific literature, gaps in existing knowledge are identified. The chapter concludes with a description of
the conceptual framework used to guide analysis of these topics, the specific aims of this dissertation,

and potential contributions of the findings to inform NH practice and policy.



Long-term Care Facilities

Long-term care is a unique but important niche within U.S. healthcare. Long-term care, which
includes both chronic and short-term rehabilitation services'*° for those who cannot function
independently in the community,6 may be provided in a person’s home, other community setting,
assisted living residence, or nursing facility.® The focus of this dissertation is institutional long-term care
facilities, specifically NHs%8 and those who reside in this setting, commaonly referred to as “residents”
rather than “patients”.5

While long-term care facilities may provide chronic or short term care for those who are unable to
manage themselves independently, NHs are defined as facilities licensed to provide care with an
organized professional staff and inpatient beds that provide continuous nursing care to residents not in an
acute phase of illness.1%0 Other types of long-term care facilities are often referred to interchangeably, but
are not synonymous. For example, board and care and assisted living facilities may provide assistance
with activities of daily living (such as bathing and dressing) but may or may not provide assistance with
medications or other nursing care services as are received in NHs.#? Skilled nursing facilities are certified
and reimbursed by Medicare for short-term care (through 100 days'38). In contrast, NHs are certified by
Medicaid and are primarily reimbursed by Medicaid, private funds and/or long-term care insurance.36 Of
note, many nursing facilities are certified to accept both Medicare and Medicaid (i.e., to act as both a NH
and skilled nursing facility), in which case they are referred to as NHs.162

NHs are an important care setting within U.S. healthcare. Of the 2.5 million individuals that
currently reside in long-term care facilities, 1.5 million of these individuals are in a NH.1%8 NHs also
represent the majority of long-term care facilities in the U.S.14% 157 NHs therefore frequently represent
long-term care facilities as a whole!#® and are therefore a primary focus of this work.

Long-term care facilities differ from other healthcare settings in resident population, care goals,
and facility resources. The sub-acute population in long-term care facilities is heterogeneous and
increasingly complex.t%° In NHs, 90% are considered to be “frail elderly”,15” with 45% of residents being
the “oldest old”, i.e., over 85 years old.1?6 Second, this setting differs from hospitals as NHs are also a
primary residence. Therefore, goals of care include resident autonomy, function, dignity, and comfort,17*

in addition to prevention and treatment of illness. Third, these facilities have fewer resources available



than acute care facilities, such as laboratory and imaging services.!! Due to these attributes, clinical care
guidelines recognize that care processes developed in acute care often need to be adapted to the NH
setting to consider the needs of the individual resident and specific facility.®

NHs have various population demographics, case mix, resources, size, and staff skill mix and
staff to resident ratios that are increasingly diverse. One of the ways in which NH diversity has increased
is that some NHs have become increasingly specialized for a particular long-term care population (e.g.,
dementia). Nurse staff to resident ratios is another way in which NHs have become more diverse. While
the proportion of NHs with recommended nurse staffing ratios has increased over the past decade, so too
has the proportion of NHs failing to meet the minimum staffing ratio requirements.'” Further, the acuity of
illness among NH residents has increased in past decades, but is not consistent between NHs.'%° As a
result of the differences between NHs, not only is it a challenge to meet the diverse care needs of this
population, it is difficult to measure and ensure care quality across facilities.''” Therefore, maintaining and
improving care quality in this setting remains a major challenge.

Demand for long-term care services will increase. It is anticipated that 70% of individuals who live
to age 65 will need a form of long-term care,6” and the proportion of the U.S. population over the age of
65 is expected to rise from 13% in 2010 to 20% by 2040.3 The population of NH residents alone is
expected to grow from 1.5 million today'¢8 to 5.3 million by 2030.157 Moreover, the proportion that is the
“oldest old” will also increase as the U.S. population ages. This population requires more intense care
and is the fastest growing segment of the U.S. population.26 Therefore, it is critical to understand the
needs of this group to anticipate future care challenges.1?6

The Centers for Medicare and Medicaid Services monitor long-term care facilities through annual
inspection surveys. These surveys also determine Medicare and/or Medicaid certification and
reimbursement eligibility. Among U.S. NHs, 96% are subject to these inspections.?” These facilities must
also complete the Minimum Data Set (MDS, see Appendix A), which includes extensive clinical
assessment information on each resident at regular intervals no less than once every three months (1
guarter). Long-term care facilities that fail to comply with Centers for Medicare and Medicaid Services
regulations are issued a deficiency citation (F-tag) that, depending on scope and severity of the infraction,

can result in monetary penalty, additional oversight and certification revocation.*! Despite this regulatory



oversight, 38.5% of NHs receive at least one infection control-related citation annually,1”® which indicates
a clear need for care improvement.
Infection Prevention and Control in Long-Term Care Facilities

Burden of Infections in Long-Term Care Facilities

Infections are a leading cause of morbidity and mortality and the primary cause of hospitalizations
among long-term care residents.1%® In NHs, an estimated 1.6 to 3.8 million healthcare associated
infections (HAIs) occur each year3* and contribute to 380,000 deaths annually.3® Those who do not
succumb to HAIs are subject to greater functional decline than those who have not had an infection.2?
Further, the prevalence of urinary tract infections, pneumonia, antibiotic-resistant organism infections,
wound infection, viral hepatitis and septicemia increased between 2006-2010.7°

HAls also pose a significant financial burden to facilities and payers. Annual cost estimates due to
HAls in NHs alone range from $38-137 million in antibiotic therapy and $673 million to $2 billion in
hospitalizations.'1 82 However, the figures presented here represent data that is 15-25 years old and likely
underestimate current expenses given increases in healthcare costs over this time.
Challenges to Infection Prevention in Long-Term Care Facilities

Long-term care settings have greater infection prevention and control challenges than in acute
care.168 The vulnerability of the long-term care resident population is one such challenge. Firstly, frail,
elderly residents are at particularly high risk for infection16® due to their aging immune systems, high rates
of chronic disability, comorbid conditions, and indwelling devices.26 Secondly, residents are frequently
transferred to and transitioned between multiple healthcare facilities, increasing the likelihood that
residents will be exposed to potentially dangerous pathogens from fellow NH residents, even if they are
not transferred to another healthcare facility.?6 Thirdly, infection diagnoses may be difficult among elderly
residents, especially those unable to make themselves understood. Elderly individuals may not exhibit
fever or symptoms characteristic of an infection in younger individuals. Instead, non-specific symptoms
and signs may occur, such as increased confusion.® Fourthly, as these facilities are both a home and a
medical facility,?® activities to improve quality of life, mobility and socialization inherently increase
interpersonal contact and infection risk.®> Mobile residents, especially those with cognitive impairment,

may readily spread pathogens in shared spaces,'® such as cafeterias, recreation areas and physical



therapy rooms. Especially in NHs, where length of stay lasts months or years, the tradeoff between social
contact/resident autonomy and infection control often presents an ethical dilemma.15¢

Demographic trends indicate that existing challenges to infection prevention and control practices
in this setting are likely to increase in the future, as the prevalence of infection is anticipated to grow. As
discussed above, there will be increased demand for long-term care services as the number of elderly
individuals in the U.S. continues to rise.126 Meeting this demand may strain long-term care facilities’ ability
to provide consistent, high-quality infection prevention and control practices. Compared with two decades
ago, the average NH resident today is older, with higher case acuity and complexity,1” and is thereby
more vulnerable to infection.**® The infection risk and care demands of each individual resident are likely
to continue to increase. Therefore, it is critical to understand and address challenges to care in this
setting and needs of residents to maintain and improve care.'26
Drug-Resistant Organisms in Long-Term Care Facilities

A patrticular challenge to maintaining the health of this vulnerable population is antimicrobial
resistance. Researchers using MDS data from five states found that 12.7 antibiotic-resistant infections per
1000 NH residents occurred in 2003.1%6 Antibiotic-resistant infections are a problem among NH residents
for most of the same reasons that these residents are at high risk for any infection: frequent transfers
between healthcare facilities,26 common use of indwelling devices,3¢ and living in a shared environment.®
An increasing number of antibiotic-resistant infections are caused by MDROs, such as Methicillin-
resistant Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci (VRE). The Centers for
Disease Control and Prevention (CDC) consider MDROs to be “serious threats”3? and are of particular
concern.1%0 Although not fully understood, morbidity and mortality attributable to MDRO infection among
NH residents is greater than in MDRO cases in other settings.1%° The longer average length of stay than
in hospitals prolongs MDRO exposure and therefore increases transmission risk between residents.12
Eliminating an MDRO from a long-term care facility is difficult once endemic.150

Of note, MDROs may present as either active infection or colonization. The CDC defines infection
as the transmission, invasion, and proliferation of a microorganism into a host (i.e., resident) tissue that
overcomes the host’s defenses and causes a clinical or subclinical host response.#® Conversely,

colonization is the “proliferation of microorganisms on or within body sites without detectable host immune



response, cellular damage, or clinical expression.”4° Persistence of colonization, also termed “carriage”,
varies and may result in transmission to other individuals. Transmission risk is higher in NHs than in acute
care as MDRO-colonized residents returning from a hospital enter this smaller population and thereby
increase colonization pressure, i.e., the likelihood of exposure within a specific environment.1? Therefore,
both infection and colonization present a threat to other individuals, though colonization is less readily
detected.

Antibiotic resistance in this setting is exacerbated by empirical use of antibiotics, which is
widespread due to the high rate of infections!3® and lack of laboratory services.11 An estimated 25-75%
of antibiotic prescriptions in NHs are inappropriate with regard to either the antibiotic type, need, dosing or
duration.33 Poor antimicrobial stewardship contributes to high prevalence of antimicrobial-resistant
organisms,1%® and increases individual resident susceptibility to resistant infections!4® as well as other
complications that can be lethal and costly.65> Empirical antibiotic use also increases the probability that
resistance will develop in the initial infection.168 When resistance develops, it can double the cost of
treatment.26

Given the challenges of controling MDRO,8 it is known that some NHs refuse care to MDRO
infected or colonized individuals. In one study, approximately 7% of NHs refused to accept new residents
known to have MRSA and 17% refused to accept those with VRE.®® Another survey determined that the
rejection rate for MRSA carriers is 28% versus 18% for non-carriers among NHs where beds were
available and that placement denial was associated with MDRO carriage after adjustment for other
clinical characteristics (odds ratio: 2.7, p = .02).132 Although this practice persists in a minority of NHs,176
denying entry to a resident with MDRO infection or colonization has been deemed inappropriate practice.®

MDRO prevalence appears to be increasing in NHs. A retrospective, longitudinal study using
MDS data found that antibiotic-resistant infections increased 17.8% from 2006-2010.7° Given the
demographic shifts that will likely result in a larger, older and frailer resident population discussed above,
it is reasonable to expect that prevalence will continue to rise in the absence of an intervention. Given NH
residents’ vulnerability to infection,?6 the difficulty of treatment, and the residential nature of their

environment, preventing MDRO transmission is of paramount importance.48



It is possible that infection prevention and control practices might be improved to reduce MDRO
colonization and infection. Not only are the majority of HAIs thought to be preventable,' it has been
suggested that use of certain practices and/or non-compliance with effective practices may be
contributing to the high infection rates in this setting.'4 Further, it is known that there are variations in the
infection prevention and control practices used in long-term care. Use of various infection control
practices may be attributed to variation among facilities and the populations they serve (e.g., resident
acuity, facility resources,” and state policies®t), which may be unavoidable. However, these factors
affect care quality and resident satisfaction.1” More detailed information regarding the differences in state
Department of Health activities and policies that may influence infections in NHs is available in Additional
Appendix A: State Focus on Health Care-Associated Infection Prevention in Nursing Homes.

Isolation Precautions

Isolation precautions are a widely-recommended technique to control transmission of MDROs as
well as other pathogens with high morbidity, mortality, or epidemiological significance.99: 130; 148; 149; 150; 158
Isolation precautions are a bundle of activities used in healthcare care settings to reduce potential
transmission of infectious pathogens between persons and between persons and their environment(s).
These include the “routine use of hand hygiene, gloves, gowns, masks and eye protection depending on
anticipated exposures”, which are called “standard precautions”. Standard precautions are considered to
be the minimum infection prevention practices to protect both patients (long-term care residents) and
healthcare workers from transmission!® (see Table 1.1). In addition to standard precautions, isolation
precautions include “transmission-based precautions”, which involve the physical isolation of individuals
infected or suspected to be infected from others not affected by the disease® and other transmission
prevention activities that depend on the specific or suspected infectious agent as well as epidemiological
context (e.g., an outbreak scenario).® The three types of transmission-based precautions, contact, droplet

and airborne, are described below (see Table 1.1).



Table 1.1 Standard and transmission-based precautions
(As described by the CDC clinical guidelines for isolation precautions4)

Infection Indication

Activities

Precaution Type
Standard

e All patients, all times, regardless
of infectious status*

Organism Example

Hand hygiene

Use of gloves, gown, mask, eye protection, or face
shield, depending on the anticipated exposure

Safe injection practices

Respiratory hygiene/cough etiquette

Use of masks for insertion of catheters or injection of
material into spinal or epidural spaces via lumbar
puncture procedures

Transmission-Based

“infectious over long distances
when suspended in the air’ p. 71

Contact ¢ Infectious pathogens spread by Methicillin-resistant Standard precautions
direct or indirect contact with the | Staphylococcus Private room (if available) or IP risk assessment and
patient* or the patient’s* aureus =3ft between beds
environment, especially Healthcare personnel wear gown and gloves “for all
microorganisms of interactions that may involve contact with the patient*
epidemiological significance or potentially contaminated areas in the patient’s*
¢ Also draining wounds or other environment” p. 70, donned at room entry
uncontrolled bodily secretion(s)
Droplet ¢ Infectious pathogens transmitted | Influenza virus Standard precautions
“through close respiratory or Private room (if available) or IP risk assessment and
mucous membrane contact with 23ft between beds with curtains drawn in between
respiratory secretions” p. 70 Healthcare personnel wear gown, gloves and mask
for “close contact with infectious patients,” donned at
room entry
Airborne ¢ Infectious pathogens that are Tuberculosis Standard precautions

Placement in private airborne infection isolation room
(AlIR), a room that is equipped with special air
handling and ventilation capacity that meet the
American Institute of Architects/Facility Guidelines
Institute (AIA/FGI) standards for AlIRs

Healthcare personnel wear mask or respirator,
depending on the disease-specific recommendations,
donned at room entry

Note: *Individuals admitted to an acute care setting, referred to as “residents” if admitted to the long-term care setting. CDC = Centers for Disease
Control and Prevention, IP = infection preventionist.




Transmission-Based Precautions

Contact precautions are indicated for pathogens transmitted by direct and indirect contact (i.e.,
contact with contaminated individuals and fomites, respectively), such as MDROs. These practices should
also be used when a patient/resident has “excessive” wound drainage, fecal incontinence, or other bodily
discharges that increase risk of transmission to others.'*® To comply with contact precautions, healthcare
workers must wear a gown and gloves upon entry to a patient’s (or resident’s) room, and remove this
personal protective equipment prior to exiting the room.149

Droplet isolation is used for pathogens that can be carried in droplets through the air over short
distances (< 3ft) and enter through droplet contact with a mucous membrane (i.e., nose, mouth, eyes).
Therefore, droplet precautions include standard precautions and placement in a private room, if possible.
In semi-private rooms, beds should be placed >3ft apart and the curtains should be drawn around the
infected resident’s bed. Droplet precautions require healthcare workers to wear a mask upon close
contact with the infected individual, beginning with entry to the room.

Airborne precautions are used for pathogens that are airborne over greater distances than droplet
transmission. Healthcare workers are required to wear a mask or respirator in the patient’s (or resident’s)
room consistent with disease specific recommendations.'#® Further, airborne precautions include
placement in a private room equipped with a ventilation system (e.g., negative pressure) specified by
American Institute of Architects/Facility Guidelines Institute. Of note, long-term care facilities may not
have airborne infectious isolation capabilities. These facilities must transfer residents who need airborne
isolation precautions to another healthcare facility with that capacity.®

Contact precautions represent most of isolation use in hospitals (84% vs. 14% droplet and 2%
airborne),'”? as direct and indirect contact is the most common mode of pathogen transmission. When
diseases can be spread by multiple, or uncertain routes, multiple types of transmission precautions are to
be used simultaneously. For example, varicella zoster virus (shingles) requires both airborne and contact
precautions.'#% Although it appears that droplet or airborne transmission of MDRO is possible,®! direct and
indirect contact are the primary mode by which MDROs are transmitted.'*® The CDC, the World Health
Organization, Society for Healthcare Epidemiology of America and Association for Professionals in

Infection Control recommend contact isolation precautions to prevent MDRO transmission.130: 148; 150



Some clinical guidelines mention additional activities to prevent disease transmission as part of
isolation precautions.? 54 130 These include having dedicated, non-critical care equipment for the isolated
individual,! for example, a private commode for diarrheal disease.>* Some isolation precautions
descriptions also include environmental and care equipment cleaning, linen laundering procedures and
respiratory etiquette.’® A gown and gloves must be used outside of the patient/resident’s room when that
individual must be moved,1° although transportation should be avoided, if possible.’3° The Association for
Professionals in Infection Control and Epidemiology’s 2010 guidelines for MDRO infection prevention
state that some institutions require masks as part of contact isolation for MRSA cases, though this
remains controversial.1?

Cohorting as a Transmission-Based Precautions Alternative

A related but different concept to isolation precautions is cohorting. Cohorting is “the practice of
grouping together patients who are colonized or infected with the same organism to confine their care to
one area and prevent contact with other patients” 14° Similarly to isolation precautions, the goal of
cohorting is to prevent contact between susceptible and infected/colonized individuals 13° As mentioned
above, isolation precautions involve segregation of individuals rather than grouping infected individuals by
disease type. Cohorting is recommended when a private room is not available (e.g., during an outbreak
scenario).149
Isolation Precautions Use

Isolation precautions (as well as cohorting) use depends on facility resources, policies and staff
judgment. As mentioned above, when a private room is unavailable, an infection preventionist should
assess risk of transmission.'® One of the considerations suggested by the current clinical guidelines is
whether secretions are contained within a device (i.e., urinary catheter drainage bag) or can be covered
under a dressing.8 Further, it is accepted that not all individuals colonized with an MDRO but without an
active MDRO infection may be isolated.®

The process by which isolation precautions are implemented and discontinued differs by
organism!4® and may differ by facility. Some healthcare facilities only implement isolation after confirming
that a resistant infection exists through a positive culture potentially exposing healthcare workers, if not

other patients/residents or visitors to the infectious pathogen. Some facilities will remove isolation only
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after one or multiple negative cultures.1® However, it is not clear from the scientific literature when it is
best to implement and discontinue isolation precautions. The Infectious Disease Society of America
recommends discontinuing isolation for Clostridium difficile with resolution of symptoms®* but this
recommendation may not be useful for facilities in which colonized individuals (i.e., without active
infection) are isolated. Therefore, individual healthcare institutions determine how long the precautions
should remain in effect.1®
Benefits and Drawbacks of Isolation Precautions

Isolating those with communicable pathogen(s) has been a key means to control disease since
the black plague outbreak of the 14th century,® but rationale for isolation use has traditionally been
theoretical rather than empirical.®® In theory, benefits of isolation precautions include prevention of
pathogen transmission to susceptible patients (or residents) and healthcare workers.14? However,
scientific evidence regarding the effectiveness of isolation precautions is mixed.2 185559 91 A recent
review identified that contact isolation precautions are effective against MRSA transmission, but only
during outbreaks and/or periods of high compliance.®® Another review and meta-analysis showed no
effect of contact isolation against VRE transmission.>® A third recent review concluded that contact
isolation precautions have uncertain effectiveness against VRE and MRSA infections.1°

While numerous methodological challenges to studying isolation precaution effectiveness have
been noted in the literature,® it is possible that conflicting findings may be due to the diversity of settings
in which these studies were conducted. Recent studies have taken place in many different countries
including France,”® Great Britain,*® Hong Kong,** Israel,® Taiwan,% and the United States.'#4 15 Clinical
guidelines that address isolation precautions in these countries vary, even among those from English-
speaking countries.? Moreover, variation in the healthcare systems where these studies were performed
limits external validity of the study results'’® and obfuscates how these results should be interpreted.

On the other hand, the negative consequences of isolation precautions to healthcare facilities,
patients, and long-term care residents have been well documented.”” For healthcare facilities, including
NHs, isolation consumes a high and unpredictable volume of resources.? % For acute care patients,
confinement to a solitary room is associated with functional decline!!! and increased anxiety and

depression.3® Among surgical patients, it has been demonstrated that those who are isolated receive half
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as many visits from healthcare professionals®® and fewer vital sign measurements compared with those
not on isolation precautions.!!! This may contribute to the association between isolation precautions use
and more adverse events and medical errors suffered by those who are isolated.'8

Isolation Precautions in Long-term Care

Like other recommendations for infection prevention and control, data supporting the
recommendations for isolation precautions use was collected in acute care settings!'® 149 and may not
apply to the long-term care setting. First, implementing these resource-intensive practices is more difficult
in NHs where resources are more constrained than in acute care (e.g., less private rooms).!1 Second,
the negative consequences of isolation directly conflict with NH residential goals of care (which include
promoting group activities, socialization, mobility, activities of daily living® and resident comfort!9). It is
also possible that the functional decline!!! and negative psychological consequences!® associated with
isolation precautions in acute care are worse in NHs as this is a home to many residents, as well as a
healthcare facility.”2 Hence, use of isolation precautions has ethical implications in the long-term care
setting where staff need to balance avoiding social stigma of the infected resident!!? and reducing risk of
transmission to the surrounding residents.

Replicating acute care interventions may be ineffective as well as impractical in NHs.111 An
evaluation of contact precautions in NHs showed no difference in VRE transmission rates between
contact precautions use and use of gloves with all resident contact.%4 Another study showed similar
MRSA incidence in NH facilities that use and do not use isolation precautions for MRSA.% The two
studies that produced these data were each restricted to a single facility and thereby have limited external
validity given the high variation in NH facility and resident characteristics.'” As such, effectiveness of
isolation precautions has not been substantiated in long-term care.®

Recognizing that long-term care facilities have different populations and needs, modified isolation
precautions as well as alternative practices appear to be in use. For example, the incidence of a specific
pathogen in a long-term care facility and perceived risk to other residents determines if isolation
precautions are to be used.1° Further, the CDC and the American Medical Directors Association
emphasize that clinical guidelines should be adapted to the needs of the individual resident.5: 149

Consequently, 85-90% of NHs allow select MDRO-infected residents to leave their rooms if they are
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deemed capable of adequate hand washing, containing bodily fluids, and covering infected wounds.®% 125
In a previous survey of 331 NHs in lowa, most facilities reported use of isolation precautions for MRSA or
VRE infections. The majority also reported cohorting some residents infected with these organisms. Staff
in approximately one-third of the NHs reported that the need for private room placement depended on the
particular resident. However, the survey did not capture how it was determined that isolation, cohorting or
some other isolation-based infection control practice was appropriate.®®

Gaps in Existing Literature

Key information that NH staff may use to make decisions regarding infection prevention and
control practices is not well-established in the literature, especially around which residents to isolate. This
information includes the effectiveness of isolation precautions for MDRO, costs of isolation and other
infection control and prevention practices in long-term care, and how isolation precautions and other
isolation-based practices are currently used in NHs. Finally, better information about MDRO transmission
risk to specific individuals is needed help NH staff to tailor practice to the needs of the individual resident,
NH population and facility.

Effectiveness evidence for isolation precautions use in long-term care is insufficient. One study
evaluating the effectiveness of isolation precautions in this setting included data from a single long-term
care facility,6* limiting the study’s external validity. While many more studies have been conducted in
acute care settings, these had mixed results regarding isolation precautions effectiveness against
MDRO.2 185559 pyplications addressing this subject generally evaluated effectiveness for MRSA or VRE,
not emerging MDROs (e.g., Acinetobacter baumannii). Further, reviews of these publications often group
isolation precautions with other infection control practices such as active surveillance.? 18:55 59 121 Apn
updated review and synthesis of evidence specific to isolation precautions effectiveness, including
emerging MDRO outcomes may be beneficial to NH staff.?: 165

Determining the costs of isolation precautions as well as other infection prevention activities in
long-term care facilities may also be an important consideration for providers in this setting. Although
some studies have examined the financial burden HAI,?% 85 cost estimates of infection prevention

practices in long-term care facilities have not been determined. Understanding the costs of various
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infection prevention and control activities would be useful to weigh the relative benefits and drawbacks of
these care processes.120

To generate new evidence to support decision-making around whether to use isolation
precautions, it is important to first understand the decision-making process concerning isolation in NHs
and how isolation precautions are currently in use. Existing evidence indicates that long-term care facility
staff consider various isolation-based practices to contain infections.®® However, a gap in the literature
exists regarding the thought processes, perceptions and considerations of NH staff when making these
decisions.

Equally important to how NH staff perceive they use isolation is how isolation precautions are
actually used in long-term care facilities across the nation. Because the most recent version of the MDS
(version 3.0, starting in October 2010) initiated data collection on the use of isolation precautions, there is
now an opportunity to examine the predictors of isolation precautions, including a broad range of potential
predictors for the first time at a national level.

The MDS 3.0 also provides the opportunity to investigate MDRO risk among NH residents across
the nation, which can address a gap in the literature. Table 1.2 shows the results of a search of peer-
reviewed, published literature regarding risk factors for MDRO transmission, infection or colonization
among long-term care facility residents. Most of these studies were restricted to a few facilities and/or
specific geographies,®% 108; 113:125:136 jncluding studies conducted in Poland!3” and Australia.®” Given the
high heterogeneity and specialization across NHs,117: 150 the external validity of these studies is limited,
leaving a gap in the evidence specific to this setting. Rogers et al. examined prevalence and select
resident risk factors of antibiotic-resistant infection in NHs across 5 states.3¢ However, these data are a
decade old and, as mentioned above, infections in NHs have been rising since this study was
conducted.” More recently, investigators used 2010 and 2011 MDS assessments to characterize NH
residents with MDRO infection, but did not perform any statistical analyses to compare the characteristics
of MDRO-infected and non-MDRO infected individuals.8” Updated evidence with high external validity is

needed regarding risk of MDRO among the NH population.
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Table 1.2 Risk factors for antibiotic-resistant organism colonization or infection among long-term care facility residents.

Concept Assoc. Study Details
Low Activities of e Paraplegia and semi-paraplegia (lower ADLs) associated with antibiotic-resistant infection in NH residents*36
Daily Living (ADLs)  Walking, feeding or toileting disability (lower ADLs) associated with shorter time to R-GNB acquisition in NH
Abilities residents108
- e Walking disability (lower ADLs) associated with shorter time to VRE acquisition in NH residents08
e Lower NH resident functionality is associated with colonization with multidrug-resistant Acinetobacter
baumanniit3
¢ Limited physical activity (ADLs) associated with MRSA incidence among LTCF residents*®’
Admitting Facility + e NH residents admitted from rehabilitation hospitals had greatest risk for antibiotic-resistant infection36
Age i  Lower age associated with antibiotic-resistant infection in NH residents?2®
e Lower age associated with greater time to MDRO infection among NH residents?®®
Antibacterial Soap ) ¢ Antibacterial soap use negatively associated with MRSA among NH residents?o?
Use
Antibiotic Exposure ¢ Antibiotic exposure in past 30 days associated with less time to VRE infection among NH residents 108
e Antimicrobial treatment in preceding 6 months associated with VRE colonization among LTCF residents!2®
e Systemic antibiotic use for >14 days associated with MRSA colonization among LTCF residents 97
+ ¢ Fluoroquinolone use associated with R-GNB colonization among LTCF residents®’
¢ Systemic antimicrobial use in past 6 months associated with MRSA acquisition in LTCF residents!>*
¢ TMP/SMX and fluoroquinolone use associated with TMP/SMX-resistant Enterobacteriaceae and
fluoroquinolone-resistant Enterobacteriaceae risk among NH residents!0t
Colonization + e The proportion of individuals in LTCFs with MRSA increases transmission risk to residents not previously
Pressure colonized residents!?
Colonization with + ¢ NH residents with urinary catheter and/or feeding tube colonized with multidrug resistant Acinetobacter
another MDRO baumannii are more likely to be colonized with another MDRO?13
Dementia + e Advanced dementia associated with MRSA colonization among LTCF residents®’
Diabetes Mellitus e LTCF residents infected with MRSA were more likely to have diabetes compared to those with MSSA
infection?®
+ ¢ Diabetic NH residents with urinary catheter and/or feeding tube, more likely to become colonized with
multidrug resistant Acinetobacter baumanniil3
o Antibiotic-resistant infection incidence in NHs associated with diabetes!3®
Dialysis + ¢ Antibiotic-resistant infection incidence associated with dialysis!2®
Facility Size + ¢ Larger facilities more likely to have cared for residents known to have VRE or MRSA®
Gender (female) - e Males at higher risk for antibiotic-resistant infection among NH residents!36
Hospitalization N ¢ Hospitalization in past 3 days associated with R-GNB, VRE and MRSA acquisition1®

VRE colonization associated with hospitalization in preceding 6 months among LTCF residents!?®
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Concept Assoc. Study Details
Incontinence + e Stool incontinence associated with MRSA incidence among LTCF residents!3”
Indwelling Devices e LTCF residents infected with MRSA were more likely to have a urinary tract and intravenous catheter,
nasogastric tube, or tracheostomy tube compared to those with MSSA infection?®
e Most common site for MRSA is an indwelling catheter®°
+ e Tracheostomy, feeding tubes, and urinary catheterization associated with antibiotic-resistant infection
among NH residents136
e Medical device in situ associated with MDRO colonization®’
o Urinary catheters associated with MRSA incidence among LTCF residents*s’
:\;I]Iarc?i\c/;?i%l:]z + e Use of intravenous medications associated with antibiotic-resistant infection among NH residents136
B;JI Iriszlgt?oliesource + e Overall need for nursing according to Arling score associated with earlier MRSA and VRE acquisition108
Nurse Staffing - e Number of registered nurses per 100 resident-days associated with reduced MRSA in NH residents10?
S;\(I:?Iﬁr;h'p of + e Government-owned facilities more likely to contain MRSA or VRE infected residents®°
Peripheral V lar . . . o . . :
D‘ies egs‘z al Vascula + ¢ Antibiotic-resistant infection incidence associated with diagnosis of peripheral vascular disease!36
Sink Availability ) e Number of sinks per 100 residents in NHs associated with reduced TMP/SMX-resistant Enterobacteriaceae
risk101
Wounds e LTCF residents infected with MRSA more likely to have a decubitus ulcer compared to those with MSSA
infection?®
+ ¢ Current wound management and decubitus ulcer positively associated with MDRO colonization among

LTCF residents®’
Current wound management positively associated with R-GNB colonization among LTCF residents®’
Wound infections and decubitus ulcer associated with MRSA point prevalence among LTCF residents!®”

Note: Assoc. = association with MDRO. LTCF = long-term care facility; NH = Nursing Home; R-GNB = antibiotic-resistant gram-negative bacteria;
VRE = vancomycin-resistant enterococcus; MDRO = multidrug resistant organism; MRSA = methicillin resistant Staphylococcus aureus; MSSA =
methicillin susceptible Staphylococcus aureus; TMP/SMX = trimethoprim-sulfamethoxazole.




There is now opportunity to describe MDRO infection in NHs across the U.S. as the revised MDS
(3.0) also changed the item capturing antibiotic-resistant infection to recording MDRO infection. While the
2.0 and 3.0 items may capture similar information, no study has explored this updated item to identify
predictors of MDRO nationally. MDRO infection recorded on MDS 3.0 is explicitly defined as an active
MDRO infection that 1) was diagnosed by an advanced healthcare provider in the past 60 days and 2)
had “a direct relationship to the resident’s current functional status, cognitive status, mood or behavior
status, medical treatments, nursing monitoring, or risk of death” within the past 7 days.*° Understanding
risk factors associated with MDRO infection and effectiveness of isolation precautions is critical to reduce
MDRO infection, improve safety and quality of life among long-term care facility residents.

To address these gaps, this dissertation outlines current published effectiveness evidence and
cost estimates that may direct use of isolation precautions for MDRO reduction in NHs. Then, it describes
the decision-making process among NH staff to implement isolation precautions and other isolation-
based techniques. Finally, it explains two quantitative analyses using a large, nationwide dataset to
generate new evidence regarding predictors of 1) isolation precautions use and 2) MDRO infection in NH
residents. These quantitative analyses have the potential to overcome barriers to external validity
encountered by previous studies. Furthermore, it is timely and relevant given the recent changes to the
MDS and the national focus on this problem.1%8 This new knowledge base will inform infection control
practices in NHs and determine areas for future research.

Conceptual Framework

An excellent conceptual framework to guide the study of infection prevention and control
activities, especially isolation practices, is the Quality Health Outcomes Model (Figure 1.1).1%° Please see
Additional Appendix B, Evaluation of Conceptual Frameworks Applicable to the Study of Isolation
Precuations Effectiveness, for detailed information regarding the decision to follow this framework while
developing this dissertation work.

Building on Donabedian’s linear framework of structure, process and outcome of healthcare
quality improvement,83 this dynamic model represents relationships between client characteristics, system
characteristics, interventions, and outcomes. Client characteristics include health status, demographics,

and disease risk factors of individual residents, families, and communities. System characteristics
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incorporate structure and process elements of the Donabedian model (e.g., facility characteristics).
Interventions are clinical processes and related activities by which they are performed. Outcomes

represent morbidity and mortality. In this model, the relationship between interventions and outcomes is
indirect and is mediated by system and client Figure 1.1 The quality health outcomes model

(Mitchell 1998)
characteristics.19° A limitation of this model for the

System

proposed study is its lack of a concept that represents bt e, T

biological components of infection risk, such as the

virulence of a particular infectious agent. However, .
Interventions Outcomes

\
Client

individual, family, communily

presence of a pathogen in the environment may be

considered to be a system characteristic. The key

strength of this model is that it was developed to facilitate
testing complex relationships between constructs with
attention to nursing contributions.110

The Quality Health Outcomes Model is an appropriate framework for this dissertation regarding
isolation precautions as it aims to link characteristics of the healthcare facility (e.g., low staffing levels),
clinical practice interventions (i.e., isolation precautions) with outcomes (i.e., MDRO infections).
Considering these relationships as mediated by client characteristics is particularly salient to residential
NH settings. For example, NH residents with low cognitive ability may have higher contact with pathogens
in the shared environment, thereby increasing infection risk128 and the goals of care necessitate
consideration of resident psychological health more so than in acute care settings.4°

Aims

Aim 1: Identify and evaluate current effectiveness and cost evidence in the scientific literature that may
influence isolation precautions use in NHs.

Content: Aim 1 is addressed in Chapters 2 and 3 of this dissertation.

Aim 2: Describe the decision-making process for and use of isolation precautions in NHs across the U.S.
through both qualitative and quantitative methods.

Content: Aim 2 is addressed in Chapters 4 and 5 of this dissertation.
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Aim 3: Determine predictors of MDRO infection probability among NH residents across the U.S., including
facility and resident characteristics

Content: Aim 3 is addressed in Chapter 6 of this dissertation.

As this dissertation follows the published papers format option, chapters 2-6 each represents a
separate analysis and is in the format of an autonomous manuscript prepared for journal publication. The
Institutional Review Board of Columbia University approved this dissertation work.

Potential Contributions

This work will be the first to detail use of isolation precautions and MDRO infection risk in NHs
nationwide. This study also represents a unique opportunity as first to examine an item novel to the MDS,
isolation precautions, and an item updated in the most recent MDS version, MDRO infection. Findings will
be relevant to NH staff involved in infection prevention and control activities, public health policymakers,
as well as the 1.5 million residents that reside in NH.168 The results could shift clinical practice and public
policy at the state and national levels, especially when linked to Centers for Medicare and Medicaid
Services inspection information. For NH staff, it provides valuable information needed to tailor infection
prevention decisions to the risk factors and resources of their facility, population and the individual
infected resident. Therefore, it will support consistency of decision-making and quality of care in this
setting, potentially by strengthening existing guidelines for isolation precautions (i.e., effective decision-
making on a case by case basis) and/or identifying new areas for research.

Of note, this dissertation is synergistic with, but distinctly different from, the Prevention of
Nosocomial Infections & Cost-Effectiveness in Nursing Homes study (PNICE-NH, RO1 NR013687).
PNICE-NH is a large mixed methods study, which includes a qualitative component, a survey of NHs and
development of multivariate duration and cost-effectiveness models of MDS and Online Survey,
Certification and Reporting, now called Certification and Survey Provider Enhanced Reporting (CASPER),
and development of a policy model. This dissertation includes secondary analyses of the qualitative and

MDS and CASPER quantitative data collected through PNICE-NH. Its focus on isolation precaution use
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for MDRO and MDRO predictors using 2010-2013 data offers in-depth analyses on these topics beyond

the scope of the PNICE-NH study.
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Chapter 2: Effectiveness of Contact Precautions Against Multidrug-Resistant Organism

Transmission in Acute Care

The following chapter is a systematic review regarding the effectiveness of contact isolation
precautions against multidrug-resistant organism (MDRO) infection. Directed by the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses statement, it provides an update to previous reviews
regarding contact precautions effectiveness. Unlike older reviews, however, it examines studies with any
MDRO as the primary outcome and excludes studies where the effects of contact precautions cannot be

separately evaluated from those of other interventions.

Note. The content of this chapter is a manuscript as accepted for publication by the Journal of Hospital
Infection. It is now published as:
Cohen, C.C., Cohen, B. & Shang, J. (2015) Effectiveness of contact precautions against multidrug-

resistant organism transmission in acute care: A systematic review of the literature. Journal of Hospital
Infection, 90(4), 275-284. doi:10.1016/j.jhin.2015.05.003

This article is available online at: http://authors.elsevier.com/sd/article/S0195670115002108
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Abstract
Background: Contact precautions are widely recommended to prevent multidrug-resistant organism
(MDRO) transmission. However, conflicting data exists regarding their effectiveness. Prior systematic
reviews examine contact precautions as part of a larger bundled approach, limiting ability to understand
their effectiveness.
Aim: To characterize the effectiveness of contact precautions alone against transmission of any MDRO
among adult acute care patients.
Methods: Directed by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
statement, comprehensive searches of four electronic scientific literature databases were conducted for
studies published in English from January 2004-June 2014. Studies were included if interventional,
original research, evaluating contact isolation precautions against MDRO transmission among inpatients.
Findings: Searches returned 284 studies, six of which were included in the review. These studies
measured four different MDROs with one study showing a reduction in transmission. Whereas studies
were of high quality regarding outcome operationalization and statistical analyses, but overall quality was
moderate to low due to poor intervention description, population characterization and potential biases.
Where compliance was measured (n = 4), it presented a threat to validity because measurements
included select parts of the intervention, ranged from 21-87%, and was significantly different across study
phases (n = 2).
Conclusion: The poor quality of evidence on this topic continues to limit interpretation of these data.
Hence, this conflicting body of literature does not constitute evidence for or against contact precautions.
We recommend that researchers consider power calculation, compliance monitoring, non-equivalent

concurrent controls when designing future studies on this topic.

Keywords: contact precautions, infection control, infection prevention, multidrug-resistant organism,

nosocomial
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Introduction

In 2014, the World Health Organization (WHO) published a report that declared antimicrobial
resistance a worldwide problem requiring urgent action.1”> The WHO'’s report states that most global
regions have high resistance to antimicrobial drugs among Staphylococcus aureus, Klebsiella pneumonia
and Escherichia coli samples, which are also resistant to multiple antimicrobials.'”®> Multidrug resistant
organisms (MDROs) are considered to be serious threats to global security!” as infections with these
organisms have higher mortality than those of non-drug-resistant strains,>¢ are more difficult'é and
costly?6 to treat. Therefore, identifying and employing effective techniques to control the spread of
MDROs is of high importance to manage health outcomes and reduce healthcare costs.48

Isolation precautions are the preferred technigue to control transmission of pathogens with high
morbidity, mortality, or epidemiological significance,%% 130 148, 149, 150,158 [yt controversy remains regarding
the effectiveness of isolation precautions.’® This debate intensified following transmission of Ebola virus
to healthcare workers despite use of isolation precautions.*! Like Ebola virus, MDROs are spread
through direct or indirect contact.2*® Therefore, contact precautions, which include isolation in a private
room, if possible, and use of gowns and gloves, are recommended to reduce transmission of MDROs.14°

However, evidence regarding the effectiveness of contact precautions against MDRO
transmission is limited in methodology and content. Prior studies predominantly took place in outbreak
scenarios and therefore lack equivalent control group(s)?® and are subject to performance bias.2
Additionally, most focused on methicillin resistant Staphylococcus aureus (MRSA) or vancomycin-
resistant enterococci (VRE).? The effectiveness of contact precautions against emerging MDROSs such as
carbapenem-resistant Acinetobacter baumannii and beta-lactamase-producing Enterobacteriaceae has
not been established.”: 165 More evidence may be available regarding emerging MDROs since publication
of previous reviews. Previous systematic reviews of this topic are similarly limited in the types of MDRO
outcomes and have mixed results.? 18:55 59 More importantly, contact precautions in all of these reviews
were grouped with other infection control practices such as active surveillance.? 18 5559 121 Thys, gaps in
the literature exist regarding effects of contact precautions alone and against emerging MDROs.7: 165

Therefore, the objective of this systematic review is to characterize the effectiveness of contact

isolation precautions alone against transmission of any MDRO among adult patients from interventional
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studies in which contact precautions are not bundled with other interventions. In order to increase
consistency between included studies and better isolate the effect of contact precautions, this review
focuses on acute care as other settings such as skilled nursing facilities have different potential for
infection transmission. 111
Methods

This review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement!16 (see Appendix B). Inclusion criteria for studies in this systematic review were 1)
original research, 2) published in peer-reviewed, scientific journals, 3) in English, 4) involved human
inpatients, 5) conducted in acute care settings, 6) outcomes were infection or colonization with one or
more bacterial organisms identified as multidrug-resistant by the Centers for Disease Control and
Prevention (CDC)8, 7) experimental or quasi-experimental design (i.e., interventional) and 8) with
intervention of contact isolation precautions (as either the control or experimental exposure). The
components of contact precautions required for inclusion were: placement of the infected or colonized
patient in a single room or cohorting, use of standard precautions and disposable gown and glove use for
close patient contact.14® Searches were limited to the past 10 years (January 1st 2004 - June 2014) to
target the most recent literature (i.e., with emergent pathogen outcomes) as well as literature which was
most recent to the publication of most recent clinical guidelines. Editorials, correspondences,
commentaries, letters, or proceeding papers were excluded. Studies in which the effectiveness of
isolation precautions was indistinguishable from that of a larger intervention bundle were also excluded.
Search Strategy

With the help of a university librarian, searches of PubMed, Ovid Medline, EBSCO Cumulative
Index of Nursing and Allied Health Literature (CINAHL) and Cochrane Central Register of Clinical Trials
were conducted using the following terms: 1) isolation precautions, 2) multidrug-resistance, 3) bacterial
infections, and 4) healthcare-associated infection. The names of specific MDROs identified by the CDC148
were included as both keyword and medical subject headings (MeSH) terms, where applicable, to
maximize search results. Searches also included synonyms, related phrases, and pluralized terms (see

Appendix C). Hand searches of reference lists were also conducted.
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Study Selection

Two reviewers (C.C.C. and B.C.) screened search results to determine if titles and abstracts met
the inclusion and exclusion criteria. Full text of articles were obtained and screened for eligibility when the
titte and abstract appeared to meet the criteria. All reasons for exclusion were recorded (see Figure 2.1).
Data Abstraction

A data abstraction tool of relevant criteria from The Cochrane Collaboration data collection form
for intervention review of randomized controlled trials (RCTs) and non-RCTs was tailored for use in this
review.160 C.C.C. pilot-tested the modified tool (see Appendix D) with two randomly selected eligible
papers to confirm appropriateness of the tool and then used it to systematically collect data. These data
included rationale for inclusion, methods, participants, intervention groups, outcomes, data and analysis,
as well as funding sources, key conclusions, and reported conflicts of interest. C.C.C. contacted the
publication’s corresponding author if study details were unclear.
Quality Appraisal

Each study was appraised using the quality assessment tool that was developed, piloted, and
employed by Aboelela and colleagues to review publications regarding isolation precaution effectiveness?
(see Appendix E). This tool has items regarding sample representativeness, bias and confounding,
description of the intervention, outcomes and follow-up, and statistical analysis, which are each ranked 1-
4, where 4 is the highest quality. Each paper was assessed as to whether it addressed the
aforementioned categories in a manner that was “completely adequate”, “partially adequate”,
“inadequate, not stated or impossible to tell” or “not applicable”. The authors performed component
quality analysis independently and discussed results to consensus, as necessary.10?

Results

The search strategy described above returned 284 publications (Ovid: 165, PubMed: 112,
CINAHL: 6, Cochrane: 1). After excluding 129 duplicates, C.C.C. and B.C. reviewed the titles and
abstracts of 155 remaining papers. Of these, 126 did not meet the inclusion criteria. The remaining 29
publications underwent full-text review. Hand search yielded five additional papers for eligibility

assessment (see Figure 2.1).
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The most common reasons for study exclusion were testing an intervention other than isolation
precautions (n= 39) or a bundled intervention (n=9); reviewing or presenting data that were not original
(n=28); describing the prevalence of MDRO (n=17) or infection prevention practices (n=14); or examining
isolation through observation alone (n=16). Of these, three attempted to estimate isolation precaution
effectiveness using mathematical models.*5 57: 92
Characteristics of Included Studies

Six studies met the inclusion criteria and were included for the final review (Table 2.1). Four
studies were non-randomized quasi-experimental studies comparing pre and post-intervention MDRO
rates,14 15 4453 whereas two studies had a repeated treatment design.*3 73 One study took place during an
MDRO outbreak.5® Studies included in this review had four different MDROs as primary outcomes, many
comparators, and varying methods of identifying MDRO colonization and infection. These fundamental
differences prevented meaningful use of meta-analysis to evaluate the effectiveness of contact
precautions against MDRO transmission. The small number of studies included in the review and difficulty
in identifying and locating unpublished studies also precluded us for an assessment of publication bias.'5!

Population and setting. Included studies were conducted in France,’® Great Britain,*? Israel,>3
Hong Kong#** and the United States.'* 1> Most studies were conducted in a single acute care center (n=5);
14: 154453, 73 gne study included two hospitals with analyses done by subgroup.® Four settings were noted
as academic centers,'# 434473 gnother as a tertiary care center,> and one study’s setting was not
described.?® Four studies took place in an intensive care unit (ICU)4 15:43:44 while the other two applied
their intervention throughout the whole hospital.5% 73 While most studies did not state inclusion or
exclusion criteria for the individual patients,'# 15 4473 one indicated that all hospital admissions were
included,® and another included those admitted to the ICU for more than 48 hours.*3

Interventions and comparisons. Almost all papers offered a description of the intervention. Two
papers described the intervention by citing CDC guidelines.# 15 Variations to these practices and/or
additional descriptions regarding the intervention were single-room isolation alone,>® staff cohorting,53
regular environmental cleaning*® 44 53 and/or environmental cleaning at discharge*® 44 and reserving

healthcare devices (e.g., stethoscopes) for each infected patient.*3
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Most studies (n = 5) compared the effectiveness of contact precautions with the effectiveness of
another infection control intervention.14 15 43:44:53 These included universal gloving,4 15 gowning without
moving infected individuals to private rooms*® and cohorting patients and staff.*4 53 Cohen et al. also
included two additional phases of cohorting, which were increased surveillance in the ICU (phase 3) and
active surveillance in the emergency department (phase 4). 53 Bearman et al. (2010) also performed
active surveillance, but it was not clear who was subject to screening. One study compared contact
isolation precautions against no intervention to prevent transmission of MDRO colonization or infection.”3

In most of the studies, the authors initiated isolation precautions at the time of a positive MDRO
culture (i.e., isolation was not preemptive) and the precautions were initiated for either colonization or
infection.14 15:43: 78 Some protocols included cohorting nurse staff members to care for the MDRO-positive
patients.*3 4453 One study mentioned that it was possible for patients to be removed from isolation if the
patient was MDRO-negative for six months.>3 None of the publications included how long patients were
observed to detect occurrence of the outcome. One publication noted that patients who were present
during a study phase change were subsequently treated with the intervention of the new phase.*?

Five studies used pretests and post-tests to compare interventions in the different phases, though
most aggregated results by phasel5: 43 44:53 or by year.”® Authors of one study compared MDRO infection
rates between the pretest (phase 1) and the removed-treatment phase (phase 2), and phase 2 to the
following phase where contact precautions were reintroduced (phase 3).73 Another study included a
concurrent group, though this was a non-equivalent control as MRSA incidence managed with contact
precautions was compared to extended spectrum beta-lactamase (ESBL)-producing organism incidence
managed with standard precautions (i.e., a different outcome was measured in each group).**

Outcomes. MDROs of interest in the included papers were MRSA 14:15: 4344 ' \VRE 14 15
carbapenem-resistant Klebsiella pneumonia (CRKP)%2 and drug-resistant A. baumannii.”® Three studies
included measures of more than one MDRO: VRE and MRSA as primary outcomes4 %> and ESBL-
producing organisms.** All of the papers’ primary outcomes included colonization with the pathogen of
interest in addition to active infection. However, screening procedures to identify cases differed
substantially. One study tested the roommates, providers, and immediate environment of active cases to

track pathogen spread (active, snowball sampling);>® another swabbed all patients for MDROs within 24
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hours of admission, weekly, at discharge, and as clinically indicated.*® Two studies tested participants on
admission and then every four days or as clinically indicated,# 15 while the other two tested for MDRO
when deemed clinically necessary.*4 73

Analyses. Two of the papers used a Student’s t-test and x? or Fisher’s exact test to compare
continuous and categorical variables, respectively.1# 15 Others used a Cox-proportional hazards model,*3
Poisson multiple regression analysis,** 7 segmented linear regression** (including change-point
analysis).52 Two studies reported power calculations to ensure sufficient sample size to detect the
anticipated change in infection rate,4 43 though in one of these studies the data analysis plan was
amended and the power calculation was not changed to reflect the new strategy.*?

Study conclusions. Five out of the six studies concluded that contact precautions did not
represent a statistically significant improvement in MDRO infection control beyond that of the
comparator(s) 14 15 43:53 However, one showed a decreased colonization rate of drug-resistant A.
baumannii during periods of contact precautions use compared to a period with no patient isolation (RR
0.5, 95% ClI, 0.40- 0.64; P < 0.001).73
Quality Appraisal

Quality of the included papers ranged widely. While overall quality could be considered moderate
for each paper, poor performance on key quality items such as bias and cofounding limits usefulness of
this body of literature. Table 2.2 displays a visual representation of each paper’s quality along the
concepts identified by Aboelela et al. All had at least one quality concept that showed clear opportunity for
improvement. Gabaguidi-Hoare et al. did not have a portion of the quality appraisal tool that was deemed
“inadequate”, but had more “not applicable” items on the quality assessment tool. The following sections
outline the rationale for the quality assessment of each paper.

Representativeness. Excepting Cepeda et al. which provided extensive details of the study
setting, inclusion and exclusion criteria, and patient population characteristics, representativeness of the
included studies was difficult to determine given the poor quality of population and inclusion criteria
descriptions. The reviewers determined that most descriptions of the sample population were inadequate
or partially adequate because these descriptions, if included at all, frequently lacked

immunocompromised status or device use among the included sample,4 15 4453 which are known risk
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factors for infection.#8 Further, two studies explicitly stated the inclusion and exclusion criteria for
enrollment of participants within these setting(s).*3 5 Given that outcomes appear to include the whole
unit or hospital, where no criteria were stated, the reviewers assumed that all patients were included in
the study and determined this criterion to be “not applicable” on the quality score. Nevertheless, failing to
state this fact represents poor transparency of reporting. All studies provided adequate information
regarding setting characteristics, including size and type of facility, type of unit (if applicable) and the
hospital location. It was not stated in any study how settings and units within these facilities were chosen
for participation, potentially subjecting the included studies to selection bias.1%0

Bias and confounding. The six papers received their lowest evaluations on the quality measures
related to bias and confounding. Regarding the potential for sampling and selection bias, the reviewers
assumed that the entire facility or unit was included unless otherwise stated. Therefore, the quality
criterion for comparing the sample population characteristics to that of a larger population was deemed
“not applicable”.

The studies had wide quality variation in accounting for confounding interventions. The reviewers
interpreted adequacy on this item as noting broad or systemic changes potentially affecting healthcare
delivery and attempting to mitigate the effects of the confounder(s), where possible. Two studies were
deemed completely adequate in this respect.*3 44 Cheng et al. identified the severe acute respiratory
syndrome (SARS) epidemic and corresponding systemic change as a potential confounder in their study
and revised the statistical analysis to account for resulting bias. Cepeda et al. mentioned that
environmental services protocols remained unchanged throughout the study and monitored hand hygiene
to ensure consistent adherence rates. One study was deemed partially adequate as the facility ICU
underwent renovations that doubled the number of beds in preparation for phase two of the study, though
the authors confirmed that nurse staff ratios were identical across the phases.'® This suggests that new
nursing staff may have been hired. Though the presence of new personnel can lead to performance bias,
this was not addressed in study design.

Some studies were classified as inadequate due to inherent confounding in the study design
itself, such as the addition of multiple “bundled” interventions simultaneously.>® Others were considered

inadequate because potential confounders, such as changes in unit occupancy and hand hygiene
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adherence, were tracked, but differences across study phases or groups were not accounted for in the
statistical analysis.'* Further, Cohen et al. mentioned that national regulations for infection control
changed during the course of the study, making it possible that a novelty effect may have presented a
threat to construct validity.1#6 Gbaguidi-Haore et al. mentioned no potentially confounding interventions
and was therefore scored as “not applicable” on this item.

The level of intervention compliance and quality of compliance monitoring in these studies was
mixed and often inadequate. One did not track or report compliance.”® Another reported compliance
inconsistently across different phases of the study>® and others recorded compliance for particular
components of the intervention*3 44 (e.g., gowning compliance among nurses, but not among other
healthcare workers).*3 In contrast, both articles by Bearman et al. measured compliance for all
components of the intervention and reported rates during each phase. Given the compliance rates
reported by these studies, compliance was determined to be completely and partially adequate,
respectively.

Description of intervention. Half the studies’ intervention descriptions were completely
adequate.*® 44 73 Those not deemed to be completely adequate lacked descriptions of the compliance
monitoring process,> 53 whether gloves were donned upon contact with the patient’'s immediate
environment during isolation,®> and how compliance was enforced when enforcement was mentioned.4
15:53 Bearman et al. (2007) was inadequate on this item as description of the survey component lacked
critical information that would be needed to repeat these methods, including survey format and
distribution.15

Outcomes and follow-up. The majority of the included papers had high quality operational
definitions and assessment description such that methods were reasonably repeatable.1# 15 4344 Four of
six papers completely addressed whether pre-intervention and intervention phase groups were equivalent
in follow-up/attrition by showing that length of stay and/or death among participants was equivalent
between phases.1# 1543 73

Statistical analysis. Statistical validity was generally acceptable in the included studies. Three

studies’ analyses were deemed “completely adequate”, as each included appropriate statistical methods,
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clear description of methods, and comparisons between groups.1# 4373 The remaining papers were
“partially adequate” as they did not test for differences between groups or variability within them.
Discussion

We reviewed six studies regarding the effectiveness of contact precautions against MDRO
infections. Five of the six studies did not find significant association between contact precautions and
reductions in MDRO transmission. One study investigating contact precautions for A. baumannii
colonization or infection compared against no intervention demonstrated a reduction in the number of
cases in phases where isolation precautions were implemented.”?

Limitations of this review are that it does not include papers published in languages other than
English or grey literature. As with all literature reviews, it is also subject to publication bias. However, our
findings are consistent with previous literature. De Angelis and colleagues combined results of three
studies (including Bearman et al. 2010) in a fixed effects model, despite differences in study interventions,
and concluded that contact precautions were not effective against VRE acquisition.>® A limitation of our
review as well as the existing literature may be a failure to address droplet or airborne transmission of
these bacteria, which may explain inconsistent effectiveness of contact precautions.? However, study
quality regarding low compliance rates, bias and confounding, and failure to adjust for confounders and/or
confirm equivalency between pre and post-test groups preclude ability to draw strong conclusions from
this evidence base regardless of these studies’ findings.%3
Implications for Clinicians

The quality of this body of literature does not justify changes in practice. Conflicting data from
studies with poor design and/or low compliance does not constitute evidence against contact precautions;
rather, these data are inconclusive. While the study that performed best on our quality score found no
significance between contact precautions and not isolating patients, this study did not consistently assess
intervention compliance in the various study phases.*? The included study that showed a difference in
MDRO transmission with use of contact precautions did not report compliance rates’® and could not be
assessed for quality on any of the other bias and confounding items of the quality assessment tool.
Inconsistencies and absences in compliance monitoring and reporting make it impossible to tell if

protocols were completed as intended, threatening the internal validity of these studies.’® The CDC
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recently faced similar difficulty interpreting health outcomes after two healthcare workers were infected
with Ebola virus in Texas, as it was unclear whether transmission occurred as a result of inadequate
isolation precaution protocols or a protocol breach.? In practice, healthcare facilities should be regularly
monitoring compliance and investigating potential lapses when cross-transmission is documented to
potentially resolve systems-based inefficiencies. It is also important for researchers to monitor and report
compliance to understand what effectiveness level can be reasonably expected in practice where
compliance may be lower than in clinical studies. Given the quality of evidence presented here, it may be
advisable that healthcare workers and administrators continue to devote focus and resources to improve
components of contact precautions and other infection prevention techniques with stronger effectiveness
evidence, such as hand hygiene technique and compliance.48
Implications for Researchers

While the included studies have limitations that have been well-described in the literature on this
topic, such as lack of intervention allocation concealment, some demonstrate realistic opportunities for
improvement in future studies. First, two of the included papers contained a power calculation.4 43 As
MDRO infections are rare events and most studies on this topic include small patient samples due to
feasibility and cost concerns,? future studies should also conduct a calculation to determine whether the
study is adequately powered to detect differences in infection rates between intervention phases. Second,
four of the included studies attempted to control for time trends in HAI as well as other confounders
through statistical analysis.43 44:53: 73 A concurrent, non-equivalent control, such as in Cheng et al., may
address this issue, but concurrent controls are not always feasible. In the future, longitudinal studies with
multiple pre-intervention collection points could add even stronger evidence!#” by directly measuring and
accounting for infection trends that are not related to the intervention, as in Bearman et al. Third, these
studies differ from most previous publications by attempting to monitor intervention compliance.89: 93
Previous studies that monitored compliance demonstrated improved adherence (i.e., with hand hygiene)
when an isolation precautions intervention was implemented.5% 173 However, this was not consistent with
levels of compliance reported in the studies reviewed here.14 15 4344 | ow compliance with contact

precautions could be the reason that this intervention appears to be equally or less effective than other
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interventions.*® This body of evidence demonstrates the implementation of a number of improvements in
study design which, when combined in future studies, may yield substantially stronger evidence.

Another consideration for future studies is inclusion of patient-centered outcomes. While benefits
of isolation precautions are uncertain, adverse consequences of isolation precautions to the isolated
individual, such as increased depression, anxiety and anger, are well-documented.® 118 A number of
papers returned in our search discuss negative consequences associated with isolation,89: 93: 118 142, 178 pt
none of the included papers incorporated patient-centered measures such as anxiety and depression.104
Considering that patient isolation is relatively resource intensive compared to other infection prevention
activities,®® cost-utility analyses in future studies may be a good option to incorporate health outcomes,
patient preferences, and costs to evaluate the effectiveness of contact isolation precautions against

MDRO infection.
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Records Identified Through

Database Screening (284)

Duplicates Excluded (129)

Articles Screened for Inclusion Records Not Meeting Inclusion
Criteria (155) Criteria (126)

+ Population: Not adult (12)

+ Setting: Not acute care (4)

* Intervention: Not isolation precautions (35); Isolation
indistinguishable from bundle (3); Not interventional (12)

* Outcome: Not MDRO (10)

+ Article Type: Review or expert opinion (25); Letter,
editorial or comment (1)

+ Study Design: Describes prevalence (16); Describes current
practices (7); Case study (1);

|dentification

Screening

Full-Text Articles Assessed for
Eligibility (29)

Full-Text Articles Excluded (28)

Eligibility

+ Intervention: Isolation included in IP bundle (6); Not
isolation precautions (4); Not interventional (4)

+ Article Type: Letter, editorial or comment (3)

« Study Design: Describes current practices (7); Review or

not original data (3); Describes prevalence (1)

Additional papers found in reference lists (5)

Included in Quality Analysis (6)

Included

Figure 2.1 Flow diagram of search results and eligibility analysis.

Boxes on the left represent stages of evaluation of the publication returned through electronic database
searches. The boxes on the right outline the number of articles excluded by the primary reason for

exclusion.
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Table 2.1 Summary of characteristics of publications included in the systematic review

Article Study Design Setting gnd Interventhn and Primary Outcome Time Horizon (Dates) Key Conclusions
Population Comparison
Bearman One group Medical ICU at e Contact isolation Prevalence and e Phase 1: 3 months  No differences in the
et al., pretest-post-test academic (phase 1) incidence of e Phase 2: 3 months proportion of patients
2007 (2 intervention hospital e Universal gloving MRSA or VRE (dates not stated) acquiring VRE (14% vs.
phases) (United States) (phase 2) colonization or 18%, p =. 19) or MRSA
infection (5.7% vs. 5% p = .92)
in the 2 study phases
Bearman One group Surgical ICU at e Contact isolation Prevalence of e Phase 1: 6 months  No statistically
et al., pretest-post-test academic (phase 1) MRSA or VRE Phase 2: 6 months  significant change in
2010 (2 intervention hospital « Universal gloving (September 2008-  the rates of device-
phases) (United States)  (phase 2) September 2009)  associated infection,
CDI, or MDRO
acquisition was
observed
Cepeda Repeated- All inpatients e Gowning and Incidence of e Phase 1: 3 months  Risk of acquiring MRSA
etal., Treatment with stay >12 gloving, single MRSA e Phase 2: 6 months ~ were similar across
2005 hours in 3 room isolation colonization or e Phase 3: 3 months Phases; combined
medical- (phases 1 and 3) infection (June 2000- June hazard ratio 0-73 [95%
surgical ICUs ¢ Gowning and 2001) Cl10:49-1-10], p=0-94
of 2 academic gloving, no single (one-sided) and for
hospitals room isolation hospital A and B
(Great Britain) (phase 2) individually (0-72 [0-44—
1.17], p=0-91 and 0-76
[0-37-1-58], p=0-77)
Cheng et One group Patients of a e Cohorting (phase "Changesinthe e Phase 1: 27 No difference in level or
al., 2010 pretest-post-test ICU in one 1) trend or level of months trend change of the
with non- university- e Single room incidence density Phase 2: 27 incidence density of
equivalent, affiliated isolation and of ICU onset months ICU onset infections
concurrent teaching contact infection due to Phase 3: 35 due to MRSA and
control (3 hospital precautions (phase MRSA" (p. 3) months ESBL-producing
phases) (Hong Kong) 2) (January 2002- organisms across
¢ Single room June 2009) different phases
isolation with hand .

hygiene campaign
(phase 3)
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Cohen One group

etal., pretest-post-test

2011 (4 intervention
phases)

Gbaguidi- Repeated-

Haore et Treatment

al., 2008

All inpatients of

a tertiary care

medical center
(Israel)

Academic
hospital
(France)

e Contact
precautions (phase

1)

Cohorting patients

and staff and
roommate

screening (phase

2)

Phase 2 plus ICU
active surveillance

(phase 3)

Phase 3 plus ED
active surveillance

(phase 4)

Contact
precautions, or

cohorting if single
room unavailable
(phases 1 and 3)
e No isolation

(phase 2)

CRKP
colonization or
infection
"episodes”

Acinetobacter
baumannii
colonization or
infection

Phase 1: 1 yr
Phase 2: 1 yr
Phase 3: 15
months

Phase 4: 7 months

(March 2006-
March 2009)

Phase 1: 3 yrs
Phase 2: 3 yrs
Phase 3: 2 yrs
(1999-2006)

Decrease in incidence
rate corresponding with
phases 2 and 3

Implementation of
isolation precautions
was negatively
associated with A.
baumannii colonization
incidence (RR:0.50
[95% CI: 0.40-0.64];
P<0.001)

Note. ICU = Intensive Care Unit; MRSA = Methicillin-resistant Staphylococcus aureus; VRE = vancomycin-resistant enterococci; CRKP =
carbapenem-resistant Klebsiella pneumoniae; ED = Emergency Department; EBSL= Extended Spectrum Beta-Lactamase; Cl = Confidence

Interval; RR = risk ratio
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Table 2.2 Quality assessment results for publications included in the systematic review

Columns represent each concept outlined on the quality assessment tool and each row represents an included paper. Cell color corresponds to
quality level as per the key.

Bearman Bearman Cepeda Cheng Cohen Gbaguidi-
et al., et al., et al., et al., et al., Haore et
Quality Criterion: 2007 2010 2005 2010 2011 al., 2008
Representativeness
Study population description 3 2
Inclusion/exclusion criteria 1 1

Location/setting description*

Bias and Confounding

Study population corresponded to larger population in all

1 1 1 1 1 1
key factors
Masking 1 1 1 1 1 1
How similar was the assessment of outcomes between 1 1 1 1 1 1
groups
Involvement from author 1 1 1 1 1 1
Accounted for confounding interventions 3 2 2 1
Compliance rate 3 2 2 2 1

Description of Intervention

Replication possible given descriptions of intervention 2 3

n = Completely Adequate E| = Inadequate, Not Stated

Key:
E = Partially Adequate E = Not Applicable
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Bearman Bearman Cepeda Cheng Cohen Gbaguidi-

etal, etal., etal., etal., etal., Haore et
Quiality Criterion: 2007 2010 2005 2010 2011 al., 2008
Outcomes and Follow-up
Outcome assessment procedure clearly defined 3

Groups equivalent in attrition/LOS/death/patient days

Statistical Analysis

Description and appropriateness of methods

2

Tested differences between groups and variability

n = Completely Adequate E| = Inadequate, Not Stated
Key:
E = Partially Adequate E = Not Applicable

Note: *Added to quality assessment tool described by Aboelela et al. (2006); LOS = Length of stay.



Chapter 3: Costs of Infection Prevention Practices in Long-term Care Settings

The following chapter is a systematic review of scientific literature containing cost estimates of
infection prevention activities in long-term care facilities. Guided by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement, the review analyses the quality of identified cost
estimates and addresses implications for nurse administrators, educators and clinicians, as well as

researchers.

Note. The contents of this chapter are the manuscript accepted for publication by Nursing Economic$.

Cohen, C.C., Choi, Y. & Stone, P.W. (In Press). Costs of infection prevention practices in long-term care
settings: A systematic review. Nursing Economic$
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Abstract
Research Objective: Healthcare-associated infections represent a significant cause of morbidity and
mortality for the 2.5 million Americans residing in long-term care facilities (LTCFs). As the elderly U.S.
population relying on LTCF services continues to grow, it is critical to establish efficient infection
prevention activities in this setting. Evidence-based cost considerations may inform clinical decisions how
best to prevent infection given constrained resources. The objective of this systematic review is to identify
and evaluate cost estimates reported in the scientific literature of structures and processes intended to
prevent infection among residents and staff of LTCFs included in any study design from institutional,

societal or public health perspectives.

Study Design: This study is a review of scientific literature directed by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement. Five web-based databases were searched
for peer-reviewed scientific articles: PubMed, Ovid Medline, Scopus, EBSCO Cumulative Index of Nursing
and Allied Health Literature (CINAHL) and Cochrane. Publications with original cost estimates of infection
prevention activities were included if published in English within the past 25 years. Studies were included
if interventions to prevent infection, as determined by the Epidemiologic Triad of Disease conceptual
framework, pertained to LTCFs and cost perspective was not exclusive to another setting. Following title
and abstract screening, full texts were obtained for further evaluation. Two reviewers performed data
abstraction guided by the Consolidated Health Economic Evaluation Reporting Standards (CHEERS)
statement and quality assessment was conducted using the Quality of Health Economic Studies (QHES)
tool. Disagreements were resolved by discussion between the two reviewers and, if necessary,

consultation with a third reviewer.

Population Studied: Residents and staff of LTCFs

Principal Findings: Of the 773 studies initially identified, 22 studies underwent full text assessment. Nine

studies were deemed eligible for inclusion. Research designs included cohort (n = 4), quasi-experimental

(n = 2), Markov model (n = 2) and randomized control trial (n = 1). Four studies were cost-analyses.
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Included studies represented wide variety of interventions, outcomes and cost measures,
preventing aggregation of findings. Most were low to moderate quality given lack of information regarding
study methods, especially the cost measurement perspective, data collection time horizon, model or
calculation justification and anticipated bias magnitude and direction. However, many included studies
received higher QHES quality scores due to transparent justification for conclusions, explicitly stated

primary and secondary outcomes and having collected data from the best available source(s).

Conclusions: There were few publications identified in this scientific literature review that examined cost
of different infection prevention interventions in LTCFs. These studies were of moderate to low quality
and it was not possible to compile and compare their results. Future researchers should improve the
quality of study design and transparency of the corresponding manuscripts through use of a health

economic analysis checklist.

Implications for Policy and Practice: The body of literature regarding costs of infection prevention in

LTCFs does not support changes to policy or practice at this time. Future high-quality studies may greatly

contribute to clinical decision-making and thereby reduce infection in LTCFs.

Keywords: Long-term care; cost analysis, infection prevention
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Introduction

Healthcare-associated infections (HAI) represent a significant cause of morbidity and mortality for
the 2.5 million Americans residing in long-term care facilities (LTCFs) 157. According to the U.S.
Department of Health and Human Services, LTCFs are institutions that provide healthcare programs and
services outside of an acute care hospital and encompass both skilled nursing facilities and nursing
homes 168, Within U.S. nursing homes alone, an estimated 1.6 to 3.8 million HAI occur annually. These
HAI cost $38-$137 million for antimicrobial therapy and $673 million to $2 billion for hospitalizations due
to infections each year 27:2%, The Centers for Disease Control and Prevention (CDC) recognize that
reducing HAI is a priority that extends to all LTCFs 14°, considering that most HAI can be prevented
through appropriate infection control and prevention practices 52,

Long-term care demographic and industry trends challenge provision of effective care and
infection prevention. The average long-term care resident today is older, with higher case acuity and
complexity than two decades ago 117, and is thereby more vulnerable to infection 14°. However, infection
control and prevention efforts must compete for resources with other care priorities as most LTCFs face
increasing budget constraints following Medicare’s shift to a prospective payment system though the
Balanced Budget Act of 1997 7. Given lower, bundled reimbursement rates, there is a need for evidence-
based efficiency improvements, and more specifically, a need to weigh benefits and costs of infection-
control activities in non-acute settings 7.

While the financial burden of some HAI have been characterized in this setting 26 85, there are a
limited number of papers that address the costs of efforts to prevent HAI. Analyzing the balance between
relative costs as well as benefits of infection prevention activities is particularly important to this residential
population among which efforts to reduce infection may have detrimental effects with respect to resident
psychological health 14° and quality of life é.

A systematic review of literature to weigh benefits, costs, and harms of clinical practices in LTCF
and thereby inform decisions of infection prevention coordinators in this setting would be useful 12°, To our

knowledge, no such systematic review has been previously published.
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Objective

The objective of this systematic review is to identify and evaluate cost estimates reported in the
scientific literature of structure and processes intended to prevent infection among residents and staff of
LTCFs.

Theoretical Framework

The Epidemiologic Triad of Disease informed identification of activities intended to prevent
infectious disease. This theoretical framework outlines the concepts of host (long-term care resident or
staff), agent (pathogen) and environment and their relationships to each other to perpetuate infectious
disease transmission #7. Activities intended to reduce host susceptibility, agent presence (or virulence) or
environment severity were therefore considered an infection prevention practice.

Methods

The authors followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
statement 116 to conduct this systematic review (see Appendix B).

Eligibility Criteria

Inclusion and exclusion criteria were developed based on the following core elements: publication
type and date, setting, conditions, study subjects, and perspectives. Inclusion criteria for this review were
as follows: 1) original research published in a peer-reviewed, scientific journal in the English language
within the past 25 years (1989-2013); 2) setting was long-term care; 3) the research focus was infection
prevention or controlling outbreaks; 4) study subjects were either residents of or healthcare workers in the
LTCFs; and, 5) the study included an analysis from institutional, societal or public health perspectives to
identify cost estimates most relevant to LTCFs.

Excluded studies met the following criteria: 1) the study was an editorial, correspondence,
commentary, letter, or proceeding paper; 2) the study setting was any other than LTCFs, such as acute-
care hospitals; and, 3) the study perspective was exclusive to another setting such as a hospital.

Search Strategy

With the help of university librarians, the first author, C.C.C., conducted scientific literature

searches in June-July 2013 within the following online databases: PubMed, Ovid Medline, Scopus,

EBSCO Cumulative Index of Nursing and Allied Health Literature (CINAHL), and Cochrane. To maximize
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results, searches included both keyword and medical subject headings (MeSH), where applicable, and

” o«

combined terms describing the intended setting (“nursing home”,

nursing facility”, “skilled nursing facility”,
“long-term care”, “aged home”, “extended care”) with “infection” or “cross-infection” and “cost” or
“‘economic”.

Study Selection

One reviewer (C.C.C.) performed an initial screen of the titles and abstracts of the search results
according to the inclusion and exclusion criteria. When the title and abstract appeared to meet the
inclusion criteria, or this information was not enough to determine whether the study met the inclusion
criteria (i.e., publication had no abstract) the full text was obtained and reviewed. All the authors
discussed eligibility of publications that were likely or borderline for inclusion. Final inclusions were
determined by consensus, and the reasons for exclusion were recorded.

Data Abstraction

Two reviewers, Y.J.C and C.C.C., each abstracted data from eligible papers and confirmed the
accuracy of each other’s work in congruence with the Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) statement 84 (see Appendix F). Data elements and operational
definitions that comprise the recent and relevant 24-item CHEERS checklist (e.g., target population,
comparators, health outcomes) are described elsewhere 84, Disagreements were resolved by discussion
between the two reviewers and, if necessary, consultation with a third reviewer.

Summary measures such as cost perspective, data source(s) and measurement time horizon
were compiled. Cost estimates reported in non-U.S. currencies were converted to United States Dollars
(USD) using the Economic Research Federal Reserve Bank of St. Louis FRED Il foreign exchange rates
for January 15t of the study publication year (or year of cost estimate collection, if stated) 2. The authors
also standardized cost estimates into 2013 USD values using Bureau of Labor and Statistics Consumer
Price Index calculator 23,

Quality Appraisal

Two reviewers (C.C.C., Y.J.C.) then independently assessed the quality of included studies using

the Quality of Health Economic Studies (QHES) instrument (see Appendix G). QHES is a validated, pilot-

tested tool, which includes 16 quality indicators with binary outcomes that can be weighted, then summed
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to a score ranging from O (lowest quality) to 100 (highest quality). QHES, while directed towards health
economic analyses, can guide evaluation of bias in multiple study designs 4.

The reviewers agreed to a number of interpretations of QHES items before assessing the quality
score of included papers. For example, if the cost estimate was not the primary outcome, the objective
statement did not need to mention cost evaluation to achieve a high quality score. When the QHES
quality items regarding model components and justification were not relevant, studies were evaluated with
regards to study calculations. When studies did not include subgroup evaluation, the item regarding
subgroup pre-specification was not relevant and the reviewers evaluated whether study authors had
assessed the need for subgroups (i.e., any discussion of population heterogeneity).

The reviewers used the weighting system to calculate quality scores created by the QHES
authors. The QHES quality score accounts for an item’s contribution to the perceived overall quality of the
paper. This included multiplying the outcome of each item (i.e., 1 or 0) by the weighting of each item
recommended by the QHES authors 8 before summing the outcomes of each item to generate the
overall quality score. All disagreements regarding quality assessments were resolved by discussion
between the two reviewers and, if necessary, consultation with a third reviewer.

Results
Results of Study Selection

In total, 773 studies were identified by initial database search. After duplicates were removed (n =
350), 423 studies were eligible for screening by title and abstract; of these, 22 studies were identified for
full-text assessment. Figure 3.1 shows the study selection process leading to the inclusion of 9 studies
for the systematic review.

Of the 22 papers that underwent full text review, the primary reason for exclusion was that the
intervention of interest was not sufficiently focused on infection prevention. Papers that required extensive
discussion but were ultimately excluded for this reason were an evaluation of a skin tear treatment that
may prevent infection by closing open wounds, but was not antibacterial 1°7, a comparison of infection
surveillance techniques that could theoretically reduce infections as a result of interventions following
surveillance 4%, but not directly from the surveillance techniques under consideration, and a comparison of

enteral feeding techniques to reduce bacterial contamination of feeding bags, which could theoretically
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reduce Gl infection, though this was not an outcome of the study 5. Another study was also excluded
after careful deliberation as it addressed an intervention in both an acute care and a LTCF setting, but
then appeared to provide cost of the intervention to the hospital rather than that of the LTCF 2. Others
were excluded after it was determined that the cost estimates were not original research (i.e., they had
previously been published, n = 2), found to be a published correspondence on further review (n = 1) or
determined that the study’s intervention and cost measurements took place in a setting that did not meet
inclusion criteria (n = 2).
Included Study Characteristics

Included studies employed observational designs 8 6% 6495 and interventional designs 66:86:135 A
minority of the studies’ samples specifically included residents of nursing homes (n = 3) 64:66:135 a5
opposed to skilled nursing facilities. Of the 9 studies included, approximately half were published in the
1990s (n = 5) 8:66:86:95:103 Most studies were performed in either the United States (n = 5) 64 66: 8695135 g
Canada (n = 3) 860:103 gnd one study was completed using cohort data from Hong Kong 177. Table 3.1
summarizes characteristics of the eligible studies, including objective, study design, study population,
setting, time horizon, outcome measures, results and QHES quality score.
Data Abstraction Results

Most studies reviewed infection prevention interventions for a specific disease, such as
vancomycin-resistant enterococcus (VRE) (n = 1) 8, methicillin-resistant Staphylococcus aureus (MRSA)
(n = 2) 869 or tuberculosis (n = 1) 19, In two studies, the interventions were aimed at preventing urinary
tract infections, as well as other diseases and conditions 64 135 Given the diversity of infection prevention
activities addressed, as well as the variety in study designs, outcome synthesis was not possible.

Cost estimates most often included additional staff time for an intervention (n = 6) & 60: 66,103 135,
177 "increased use of disposable items such as gowns and gloves and incremental use of cleaning
supplies (n = 6) 8 60:66:86:95,135 These expenditures were often the market price per unit multiplied by the
number of units used. Four papers included a statistical analysis, and the same four displayed differences
in cost and outcomes between two alternative infection prevention practices 64 6: 103177 Qnly three

studies provided sensitivity analyses of cost estimates 64 103177,
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Three publications specifically reported the perspective of the cost estimate including societal 4,
healthcare system 193, and public health care provider 177. Dorr et al. (2005) also included a sub-analysis
from an institutional perspective. Four of the eligible papers included a cost analysis: one cost-utility 193,
one cost-benefit 86, and two cost-effectiveness 177, In the majority of studies, the investigators indicated
the specific abstraction method through which the primary outcome measure and costs were determined
(n = 6) 864:66,95,103,177 Two papers included a model of cost estimates 103177, None of the included
studies’ authors performed a subgroup analysis. Only four papers contained discussion of the
homogeneity of the study population 6% 64:66: 135 |ikely due to the fact that most included a single LTCF (n
= 5) 860:86,95,135 As most papers did not discuss homogeneity of study population characteristics, this
limited the ability to determine generalizability of the study and potential sampling bias.

While some authors discussed limitations of their respective study & 64177, only Larson et al.
(1992) included discussion of the magnitude and direction of potential biases on the cost estimates .
Results of Quality Assessment

The QHES scores ranged from 22 to 94, with an average of 56.6. Figure 3.1 shows the results of
quality assessment using the QHES instrument. In this figure, the length of the bar indicates the number
of the studies achieving high quality regarding each item.

Six of the studies included a high-quality, specific objectives statement, which had a stated
measurable outcome of interest, setting or population, and intervention, if applicable & 64 66:95:103: 177 Most
study designs appeared to be the most appropriate method of determining relevant health outcomes and
cost (n = 8) 8:60: 64,66, 86,95, 103,177 However, time horizon was not clearly appropriate to effectively assess
health outcomes in a number of publications 8 60:66:86: 135 For example, a study of an intervention to
eradicate a scabies outbreak from a single facility had not eradicated scabies from the institution by the
end of the study as treatment failures occurred later that year 6. Measures of health outcomes were
sufficiently validated and/or justified in six of the nine publications 8 64 95:103: 135,177 The majority of papers
received lower quality scores for both a lack of statistical analysis and lack of comparison to alternatives
(n = 5) 8; 60; 86; 95; 135_

Cost estimate measurements and calculations were often unclear and the source and calculation

of the estimates was not stated (n = 4) 60:66:86:135  As noted above, most papers did not explicitly state the
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perspective from which the cost estimates were measured (n = 6), which is especially critical to evaluate
whether all relevant costs were included and measured appropriately. Furthermore, only two papers
avoided bias by stating a clearly appropriate time horizon or discount rate (n = 2) 4%, One paper that
collected data over three years did not mention how these costs were discounted, if at all 8 and those
that used a discount rate did not provide justification for that specific rate (n = 2) 193177,

Transparency regarding primary and/or cost outcomes and stated conclusions were directly
justified by study findings improved the quality of all included papers. However, most papers received a

lower quality score for lacking a discussion of study limitations (n = 6) 8: 60: 66; 86; 95,135,

Discussion

Of the studies deemed eligible for inclusion, most were low to moderate quality given lack of
information regarding study methods, especially the cost measurement perspective, data collection time
horizon, model or calculation justification and anticipated bias magnitude and direction. However, many
included studies received higher QHES quality scores due to transparent justification for conclusions,
explicitly stated primary and secondary outcomes and having collected data from the best available
source(s).

It is possible that many poor scores on the quality assessment items might indicate lack of
publication transparency rather than methodology sophistication or accuracy. For example, stating the
perspective from which costs were determined can substantially improve the readers’ ability to determine
generalizability and cost estimate applicability. Future cost and cost analysis studies regarding infection
prevention in LTCFs may improve on the current body of work by ensuring that the manuscript addresses
all items in the CHEERS, QHES or a similar health economic publication checklists and we encourage
authors, reviewers and editors to use these developed checklists.

The small volume of publications regarding the cost of infection prevention in LTCFs identified in
the scientific literature cover a wide variety of interventions. Given the diversity of study designs in the
papers, health outcomes and cost measures, further generation of evidence would be required to
meaningfully aggregate and compare results of these studies. Our findings are similar to those of Stone,
Braccia and Larson (2005). These authors reviewed economic analyses related to HAI in multiple

settings. While their results demonstrated an increasing quality of cost analyses over time, the existing
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body of literature did not offer specific public policy or practice implications at that time 5. In our review,
most of the authors derived cost estimates from a single LTCF. The high heterogeneity of populations
and service specialization of LTCFs limits the external validity of these studies %8. Furthermore, it is
unlikely that study methodology and calculation of cost estimates could be repeated given the information
provided in these publications. Therefore, as in Stone et al. (2005), we also cannot recommend specific
infection prevention practices based on cost estimates or cost-effectiveness based on these data.
Implications for Policy, Practice and Education

The rising costs of infection in LTCFs without attention to prevention may result in three different
scenarios. First, LTCFs may be able to secure new funding to cover the rising costs of infection. However,
this is likely to continue increasing the costs of treatment and is ultimately unsustainable 123, Second, in
the absence of sufficient funding, LTCF executives might shift resources from other budget items to cover
increased costs of infections, which may be detrimental to other areas of care. Last, LTCF exceed their
budgets, possibly resulting in facility closures. Given these scenarios, investments in infection prevention
is much more acceptable. Considering that an estimated 380,000 LTCF residents die of infection annually
33 and that the nursing home population alone is expected to grow from 1.5 million today to 5.3 million by
2030 %7, it is important to invest in infection prevention activities to reduce morbidity, mortality in this
vulnerable population as well as reduce costs to LTCFs and the already overburdened U.S. healthcare
system.

Cost-effectiveness research is needed to inform nurse executives’ decisions on how best to
prevent infections, which should avoid adverse events among residents and curb program costs 24, In
acute care, multifaceted infection prevention programs have been found to be cost-saving %2 and while
there are as of yet, no well developed economic models of infection prevention in LTCFs, it is likely that
they will also be found to be cost-saving. However, where multiple alternative processes exist to prevent
infection, deciding between alternative structures, practices or products requires not only knowledge of
the relative intervention effectiveness but also the cost trade-off for that level of effectiveness 2.

Therefore, nurse executives should consider costs as well as health outcomes when generating
new policy regarding procedures or products related to infection prevention. In doing so, administrators

should cautiously evaluate the recommendations of published studies containing a cost estimation based
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on the quality of the estimate in addition to assessing applicability of the results to their own facility and
resident population. Unfortunately, the authors have no knowledge of additional sources of cost estimates
for infection prevention activities in LTCFs at this time beyond publications reported in this review. As
demonstrated in this review, those who wish to evaluate others’ cost estimates or establish one tailored to
their own facility may wish to pay particular attention to the time horizon in which both health and cost
outcomes occur, costs from the perspectives of multiple stakeholders (i.e., what costs exist to facility,
staff, patients and payers) and the additional time required from staff. For example, while many of the
included studies measured additional staff time required for the intervention in this review, none included
the resources required for educational in-services regarding the intervention. This may be a key
consideration depending on available resources and need for staff compliance with the new policy.

To prepare future nurse leaders to meet the challenges of evaluating costs of infection prevention
(and other quality improvement activities), nurse educators should include economic evaluations in
curricula, if these factors are not already included. Indeed, understanding healthcare financing, business
principles and how they influence clinical outcomes and cost factors is an American Association of
Colleges of Nursing essential element in baccalaureate education 4.

Better understanding of economic analysis concepts, such as those included on the economic
evaluation tools used in this study, may improve future nurse executives’ interpretation of the scientific
literature and application to clinical practice. In this way, future studies may substantially contribute to

clinical decision-making to reduce infection in LTCF.
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Figure Legend:
. NH = Nursing home
screening (773) SNF = Skilled nursing facility

LTCF = Long-term care facility

Records Identified Through Database

Identification

Duplicates (350)

oo
£ Records after Duplicates ) : o
c P Records Not Meeting Inclusion Criteria (401)
s Removed (423)
5] A. No original cost estimate (115)
n B. Setting other than NH, SNF, LTCF (111)
C. Not concerning infection prevention (91)
D. Costs are of infection only (48)
- E. Letter, comment or provisional abstract (12)
= Full-Text Articles Assessed F.  Costs to hospital only (9)
) for Eligibility (22) G. Excluded for another reason (15)
w
Records Not Meeting Inclusion Criteria (13)
8 A. No original cost estimate (2)
- Included in Quality B. Setting other than NH, SNF, LTCF (2)
% Analysis (g)* C. Not concerning infection prevention (7)
= . D. Letter, comment or provisional abstract (1)
4 are Cost Analyses E. Gave aggregate costs for Hospital and NH (1)

Figure 3.1 Systematic review of infection control cost estimates flow diagram of search results
and eligibility.

Boxes on the left represent stages of evaluation of the papers returned through the original electronic
database searches. The boxes on the right show how many articles were excluded by the primary reason
for exclusion.
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Table 3.1 Summary of studies included in the systematic review of infection control cost estimates

wages of nurses
when nursing homes
have adequate
staffing

Sample/ Study Ith Infection
First Author | Year Objective Setting De§|gn Healt Prevention Cost Estimate QHES
(Time Outcomes Score
(Country) . Resources
Horizon)
Armstrong- 1999 To describe the 5 residents of Prospective Resident Disposable Total cost of 49
Evans 8 investigation and 1LTCF cohort VRE supplies; intervention:
control of (Canada) (13 months) colonization cleaning and $11,379.00
transmission of VRE disinfection;
in a residential LTC reusable gowns;
setting personal care
caddies; staff
time; formal
education;
screening
De Beer ©° 2006 To describe a 387 residents  Retrospective Incident Topical Total costs of 23
scabies outbreak and  and 700 staff cohort cases of permethrin; outbreak minus
determine whether of 1LTCF (2 months) scabies overtime and treatment:
the effectiveness of (Canada) additional salary $144,977.00
the treatment costs; security
protocol justified its guard salary;
future use disposable
gowns and
gloves; cleaning
supplies;
laundry
Dorr 84 2005 To examine potential 1376 residents Retrospective UTI rate RN wages and Cost savings 61
cost savings from of 82 NHs cohort benefits; per 100 NH
decreased adverse (United (1 year) Hospitalization residents per
resident outcomes States) year:
versus additional $40,724.83




€S

Study

Sample/ ; Infection
First Author | Year Objective Setting Def5|gn Health Prevention Cost Estimate QHES
(Time Outcomes Score
(Country) Hori Resources
orizon)
Duffy ©6 1995 To compare the 80 male Randomized UTI; Nurse time and Incremental 94
Jaqua- 1999 safety and cost of veterans in 3 clinical trial Pressure supplies for cost of sterile 22

Stewart % clean versus sterile VA NHSs with (125 days), ulcer; catheterization vs. clean
intermittent bladder need for with cost- Hospitalizatio PPE; catheterization
catheterization in catheterization effectiveness n rates medications; per 1
male nursing home (United analysis MRSA nursing and catheterization:
residents States) colonization environmental $3.23
To decrease MRSA Quasi- rate; MRSA management Total cost of
colonization and 42 residents in  experimental infection rate; services; intervention:
infection rates and 1 extended with cost- difference in  laboratory costs; $32,242.24
prevent the care unit of VA benefit colonization miscellaneous
introduction of hospital analysis (3 and infection items;
additional colonized (United years) rates pre-and
patients into a closed States) post
nursing home intervention
environment

Larson % 1992 To examine the 207 residents Prospective  Chronic hand Gloves Mean cost of 73
prevalence of C. and 84 staff of cohort (6 carriage of C. gloves per
difficile and MRSA 1LTCF months) difficile and month in LTC:
resident on hands of (United MRSA $2,253.89;
nursing staff of a 233- States) among Mean cost of
bed long-term care healthcare gloves per
facility during a 24- workers; C. month in SN
hour period, as well difficile and unit: $376.20
as the prevalence of MRSA
C. difficile and MRSA colonization
carriage of patient in rates among
the wad with residents

expected high rates
of C. difficile and
MRSA carriage and
in the adjacent wards




1]

Sample/ Study Ith Infection
First Author | Year Objective Setting Def5|gn Healt Prevention Cost Estimate QHES
(Time Outcomes Score
(Country) Hori Resources
orizon)
Marchand 1% 1999 To determine if the Newly Cost-utility Life-year Staff time; $4,734.21 per 83
more interventionist admitted decision- (LY); quality- screening LY;
approach of residents to 1 analysis adjusted life- supplies $3,782.41 per
screening with the LTCF model year (QALY); QALY
tuberculin test and (Canada) (15 years) annual Tb
chemoprophylaxis for cases; Tb-
high-risk positive related
reactors to control deaths
tuberculosis in long-
term care facilities is
cost-effective when
compared to the
case-finding and
treatment approach
Robinson % 2002 To determine the 51 residents in Quasi- Total body Staff time; Total cost of 25
effect of a specific 1 NH (United  experimental water; beverages; cups intervention:
program on the level States) (9 weeks) Intracellular $210.31
of hydration and the body water;
prevention of Extracellular
conditions associated body water;
with dehydration delirium; UTI;
respiratory
infections;
falls; skin
breakdown;

constipation




G5

Study

Sample/ ; Infection
First Author | Year Objective Setting Def5|gn Health Prevention Cost Estimate QHES
(Time Outcomes Score
(Country) Hori Resources
orizon)
You 77 2009 To compare cost and 1016 Cost- Quiality- Cost of vaccine, Total cost of 83
QALYs gained by hypothetical effectiveness  adjusted life RN time for intervention:
influenza vaccination elderly LTCF  analysis with years administration; $202.48;
alone and in cohort (Hong Markov (QALYS); RN treatment of Incremental
combination with Kong) model death vaccination side  cost per QALY
pneumococcal (5 years) effects gained for
vaccination in elderly influenza and
people living in long- pneumonia
term care from a vaccines vs.
Hong Kong public influenza
health provider's vaccine alone:
perspective $544.30

Note. 2QHES quality assessment score range is 0 (worst) to 100 (best); LTCF = Long-Term Care Facility; NH = Nursing home; VA =
Veteran’s Administration; UTI= urinary tract infection; VRE= vancomycin-resistant enterococcus; Th = Tuberculosis; PPE = personal protective
equipment; RN = registered nurse; QALY=quality-adjusted life year; SN = skilled nursing.




Chapter 4: A Qualitative Study of Decision-Making Regarding Isolation-Based Practices

The following chapter describes a qualitative study of variation in the decision-making process to
use isolation-based infection prevention practices in nursing homes (NHs). Following the consolidated
criteria for reporting qualitative research checklist, this manuscript thematically characterizes the factors
influencing which residents are isolated, under what circumstances and how so. This topic is relevant to
identify how NH staff understanding and perceptions are shaping current infection control and prevention

practices.

Note. The contents of this chapter are a manuscript accepted for publication by BMJ Quality & Safety,
which is now published as:

Cohen, C. C., Pogorzelska-Maziarz, M., Herzig, C. T., Carter, E. J., Bjarnadottir, R., Semeraro, P., ...
Stone, P. W. (2015). Infection prevention and control in nursing homes: A qualitative study of decision-

making regarding isolation-based practices. BMJ Quality & Safety. 24(10), 630-636. doi: 10.1136/bmjqgs-
2015-003952

This article is available online at: http://qualitysafety.bmj.com/content/early/2015/05/22/bmjqgs-2015-
003952.full
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Abstract
Background: Isolation-based practices in nursing homes (NHs) differ from those in acute care. NHs must
promote quality of life while preventing infection transmission. Practices used in NHs to reconcile these
goals of care have not been characterized.
Purpose: To explore decision-making regarding isolation-based infection prevention and control
practices in NHs.
Methods: A qualitative study was conducted with staff (e.g., staff nurses, infection prevention directors
and directors of nursing) employed in purposefully sampled U.S. NHs. Semi-structured, role-specific
interview guides were developed and interviews were digitally recorded, transcribed verbatim and
analyzed using directed content analysis. The research team discussed emerging themes in weekly
meetings to confirm consensus.
Results: We inferred from 73 interviews in 10 NHs that there was variation between NHs in practices
regarding who was isolated, when isolation-based practices took place, how they were implemented, and
how they were tailored for each resident. Interviewees’ decision-making depended on staff perceptions of
acceptable transmission risk and resident quality of life. NH resources also influenced decision-making,
including availability of private rooms, extent to which staff can devote time to isolation-based practices
and communication tools. A lack of understanding of key infection prevention and control concepts was
also revealed.
Conclusions and Implications: Current clinical guidelines are not specific enough to ensure consistent
practice that meets care goals and resource constraints in NHs. However, new epidemiological research
regarding effectiveness of varying isolation practices in this setting is needed to inform clinical practice.
Further, additional infection prevention and control education for NH staff may be required.

Keywords: Decision making; Infection control; Nosocomial infections; Nursing homes
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Introduction

Infections are a leading cause of morbidity and mortality among nursing home (NH) residents.34
In the U.S. alone, an estimated 1.6 to 3.8 million infections occur in NHs annually.'5” Because NH
residents are at high risk for infection,'#8 prevalence will likely continue to rise given the global aging
population'” that will increase demand for NH services (1.5 million U.S. residents today'%® compared with
an estimated 5.3 million by 2030%57). Therefore, identifying effective practices to reduce infection
transmission is necessary to manage health outcomes and costs.148

Isolation precautions are recommended to prevent the spread of pathogens associated with high
morbidity and mortality, such as multidrug-resistant organisms (MDROs).130: 149:150 This practice includes
confining an MDRO-infected resident to a private room or cohorting if no private rooms are available (i.e.,
grouping together patients colonized or infected with the same organism by location during all activities to
prevent organism transmission to unaffected patients).% 54 130:149:150 |nfection prevention guidelines also
suggest using standard precautions for contact with the MDRO-infected resident (i.e., hand hygiene, use
of gowns, gloves and other personal protective equipment depending on the anticipated exposure).14?
Further, it is recommended that infected residents should have dedicated disposable patient care
equipment,® such as private commodes for patients with a diarrheal disease, if private bathrooms are not
available.>* Studies concerning the effectiveness of isolation precautions have had mixed results and
have been deemed to be of moderate or poor quality.2 59

Infection prevention and control guidelines are based on evidence collected in acute care
settings, and therefore are not always practical or appropriate in NHs where resources are more
constrained and the healthcare facility is often the residents’ home.14% 150 Further, isolation has well-
established negative psychological effects,””: 118 both for semi-private and private room isolation.”” These
adverse effects may be of greater concern in a NH facility since it is also a primary residence. A
gualitative description of isolation-based infection control practices in this setting has not been conducted.
Therefore, it is important to understand how NH staff balance benefits and drawbacks of isolation in order
to establish best practices that can be implemented across facilities.?°

A gap in the literature exists regarding how it is decided when and how to implement isolation of

infected residents in this setting. In a previous survey of 331 NHs in lowa, most facilities reported use of
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isolation precautions for methicillin-resistant Staphylococcus aureus or vancomycin-resistant
enterococcus infections. The majority also reported cohorting some residents infected with these
organisms. Staff in approximately a third of the NHs reported that the need for private room placement
depended on the particular resident. However the survey did not capture how it was determined that
isolation or cohorting was appropriate,®® thus providing limited insight into factors that may influence
isolation practices versus cohorting. Therefore, the objective of this study was to explore decision-making
in isolation-based infection prevention and control practices in U.S. NHs. Understanding variations in
practice is necessary to ensure that NH residents receive consistent, high-quality care in this setting.
Methods

A qualitative study was conducted. This study was a secondary data analysis of a larger study
regarding infection control and prevention resources in NHs (RO1NR013687), which is described in detalil
elsewhere.156 Each NH was purposively selected with the goal of obtaining variation in geographical
region, size, ownership status and 3-year infection control-related deficiency citation performance. The
deficiency citation score is derived from infection control-related evaluation criteria found in annual,
unscheduled inspections by the state that are required for Medicare and Medicaid certification and
reimbursement (deficiency citations indicate poor performance).

NHs were recruited through informational mailings, follow-up phone calls and emails. At each
facility, a site contact was identified who then recruited individual interviewees based on our guidelines for
inclusion.15¢ We aimed to recruit interviewees who were familiar with the facility based on tenure and who
would provide a range of perspectives based on role (e.g., infection prevention directors, directors of
nursing, assistant directors of nursing, medical directors, environmental service workers and staff nurses).
Recruitment concluded when theoretical saturation across the entire NH sample was achieved for all
infection control-related topics covered by the interview guides.”

Members of our study team (three male, five female) conducted in-depth, semi-structured
interviews from May through September 2013. Each interviewee was interviewed once, one-on-one, with
an interview guide informed by Donabedian’s healthcare quality theoretical framework®® and tailored for
each personnel type.16 All interviewers were trained on in-depth qualitative interviewing techniques and

encouraged to manually record field notes regarding observations not captured in the interview.
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Interviews were digitally recorded and transcribed verbatim. The Institutional Review Board of Columbia
University Medical Center approved this study. All interviewees were informed of study goals and
provided written informed consent.

A directed content analysis of all transcripts was performed (see Appendix H). This analytical
technique helps to determine the initial coding scheme and is useful when existing theory or prior
research insufficiently describes a particular phenomenon.8! A keyword search of all transcripts was
conducted in NVivo 10 (QSR International)!?® software using “isolation” and related terms (e.g., isolate,
contact precaution, contact isolation, isolation precaution, cohort, quarantine, outbreak, cart, special
precautions, single room, private room, signs, mask, gown, roommate) to highlight passages of text
pertaining to the phenomena of interest. A keyword search is beneficial in content analysis when a large
volume of text is available as it allows researchers to target passages with pertinent content to focus in-
depth analysis.1#4 Using Microsoft Excel% software to facilitate coding and analysis, CCC and MPM
reviewed the extracted passages, generated a comprehensive set of primary and secondary codes and
drafted definitions for each. Emerging themes were discussed weekly with all authors to ensure a shared
understanding. The authors followed the Consolidated Criteria for Reporting Qualitative Research
checklist in writing this manuscript (see Appendix 1).163

Results

In total, 10 NHs were visited and 73 interviews were conducted, with 6-8 interviewees per facility.
On average, interviews lasted approximately 45 minutes. Characteristics of the sample are described in
detail elsewhere.1%¢ A total of 1533 references in 75 passages (representing 72 of 73 transcripts) were
identified in the keyword search.

We found that isolation-based practices differed between NHs. The residents who received these
interventions and the way they were implemented varied by facility. For example, some facilities
automatically used isolation practices for residents with new respiratory or gastrointestinal symptoms,
positive laboratory cultures and/or all residents admitted from a hospital setting. Other NHs rarely isolated
residents. There was also variation with regard to whether isolation practices were discontinued based on
laboratory cultures or upon resolution of symptoms. One exception to the variation between facilities

existed: colonization (i.e., asymptomatic carriage) was not mentioned as a consideration for isolation
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practices in any NH. Further, none of the interviewees reported routine screening of residents. As one
interviewee stated, lack of routine surveillance was part of a “don’t look, don’t tell” approach to managing
colonization (Participant 27: Medical Director, NH 4). Throughout the narratives we found that decision-
making to use isolation practices was complex and this could be attributed to four emergent themes: (1)
perceived risk of transmission; (2) conflict with quality of life goals; (3) resource availability; and (4) lack of
understanding regarding infection prevention and control. Each of these themes are outlined in Figure 4.1
and described in-depth below.

Perceived Risk of Transmission

Interviewees discussed practice decisions in the context of organism transmission risk in specific
situations and among individual residents. Most NHs’ isolation practices incorporated the concept of
organism ‘containment’, that is, low perceived transmission risk. This was a factor when staff decided the
degree to which an infected resident would be limited in social and environmental contact.

"Anything that can be contained, like MRSA [methicillin-resistant Staphylococcus aureus], or VRE

[vancomycin-resistant enterococcus] in a wound. Or if they have it in the urine, it's in a bag so it's

contained. [...] so if it's contained, they can be cohorted.” (Participant 57: Infection Prevention

Director, NH 8)
There appeared to be variation regarding the emphasis on perceived organism containment, resident
compliance, and surrounding residents’ health when deciding to initiate or discontinue isolation-based
practices and the nature of these practices. Additionally, the concept of effective containment varied, but
generally applied to scenarios in which infectious secretions or drainage stayed within a colostomy bag or
catheter, or were covered by personal protective equipment, a dressing or clothing. As one interviewee
stated,

"If it was contained, [...] you didn’t have to isolate [...] a catheter bag is closed... whereas if [there

is ...] no catheter, no coverage; then you know they’re at risk." (Participant 35: Minimum Data Set

Coordinator, NH 5)
In contrast, interviewees mentioned Clostridium difficile most often as an example of an infection with
high transmission risk because it is “uncontrollable” (Participant 17: Director of Nursing/ Infection

Prevention Director, NH 3). A resident’s ability and willingness to use appropriate personal hygiene,
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standard precautions and potentially personal protective equipment outside of his/her room was also
important. As explained by an administrator,

"If [a resident with diarrhea is] sharing the toilet with multiple people, then we [...] have to

determine are they cognitively with it enough to know to use a bedside toilet? Or do we need to

look at moving them to not risk contaminating the other residents?” (Participant 47: Assistant

Director of Nursing, NH 7)

Additionally, the overall health condition of a resident’s existing roommate(s) was also a key factor in
decision-making as explained below;

"We carefully monitor [...] if [a resident is] placed on isolation, does their roommate have any

open sores?" (Participant 73: Infection Prevention Director, NH 10)

Variations in isolation-based practices included leaving a resident in a shared room, cohorting the
infected resident with other infected resident(s) or transmission-based precautions in a private room.
Additionally, practices varied as to whether an infected resident was allowed to leave his/her room, or
was encouraged to participate in activities outside the room. As one interviewee stated,

"If [residents] are on isolation we do put an isolation gown on them and gloves, but they're free to

come out of their room [...] We try to get them to socialize, too." (Participant 41: Director of

Nursing/ Infection Prevention Director, NH 6)

Interviewees in almost all facilities believed that isolation precautions were necessary when an infectious
organism could not be contained or controlled, though this was not ideal.

Conflict with Quality of Life Goals
The importance of resident quality of life and concerns that isolation practices conflicted with resident
quality of life was pervasive throughout the interviews. As explained by one administrator,

“If you have to isolate somebody or you have to put restrictions on them because of an infection

[...] you have to balance the quality of life aspect.” (Participant 9: Administrator, NH 2)

When discussing this balance, interviewees regarded isolation as “horrible” (Participant 15: Administrator,
NH 3). This is further described in the quotes below:
"We'd love to never have anybody on isolation.” (Participant 3: Quality Improvement Coordinator,

NH 1)
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“It's almost like holding a person prisoner.” (Participant 47: Assistant Director of Nursing, NH 7)
However, interviewees felt that isolation-based practices are an important aspect of preventing and
controlling infection. One administrator elaborated on this sentiment:

"We have a mission statement and the promise is to keep our residents safe and secure [...] that

includes keeping them infection free as best as we can.” (Participant 1: Administrator, NH 1)
However, ways in which staff attempted to balance the NH environment as both a home and medical
facility differed based on perceptions of resident needs. For example, at one facility socialization among
residents was encouraged and the interviewee referred to isolation as allowing residents to leave their
rooms while donning personal protective equipment (see the previous section); staff in another NH did not
want to violate a resident’s privacy by placing a sign on the resident’s door, let alone encourage personal
protective equipment use outside a private room. As an administrator explained,

"We do not put signs up [for isolation] because that’s... considered a violation of their rights. So,

you have [a] whole set of new issues in this home setting.” (Participant 47: Assistant Director of

Nursing, NH 7)

In this way, differences in perception of what maximizes quality of life led to variation in practice.
Resource Availability

Interviewees mentioned that the NH resources influenced isolation-based infection control practices;
specifically, the availability of private rooms. For example,

“If it’s [...] respiratory isolation, we can’t handle that unless we can put them in a private room and

usually our private rooms are full." (Participant 24: Director of Nursing, NH 4)

It was advantageous, therefore, if a NH had all private rooms, as explained by one medical director,
"One good thing about this facility is that every room is a private room. [... the] need to isolate [an
infected resident] from one resident or bulk of residents doesn’t arise” (Participant 20: Medical
Director, NH 3)

The extent to which staff were pressed for time in daily practice was also a factor leading to variation as

being “in a hurry” could result in forgetfulness or lack of awareness of appropriate isolation practices

(Participant 43: Licensed Practical Nurse, NH 6). Having more time and other resources that enabled

communication through multiple channels (e.g., email, formal in-person meetings, and/or headset
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intercoms) raised awareness of recent infections and/or changes in practice and were facilitators to
appropriate isolation practice. As described by an infection prevention director,

“INH staff] can page me, they can stop me in the hallway. | receive phone calls at home with

questions [...] it’s very important to have that communication because they help me arrange

private rooms, room changes." (Participant 12: Infection Prevention Director, NH 2)

However, there was high variation across facilities in the modes of communication.

Lack of Understanding

In the majority of NHs, at least one interviewee offered information that conflicted with commonly
accepted infection-related terminology. These statements may indicate a lack of understanding regarding
key infection prevention and control concepts. Of note, three of those interviewees were in charge of
infection prevention and control at his or her facility.

The terms isolation and cohorting were used inconsistently among interviewees. Isolation was
used to refer both to processes to isolate organisms (e.g., personal protective equipment use by the
resident outside of his/her room) as well as physically limiting interaction between residents and the
surrounding environment. Isolation was used by some as an umbrella term that also encompassed the
concept of cohorting. Interviewees used the term cohorting for various scenarios, some of which did not
match the definition of cohorting given by the Centers for Disease Control and Prevention.4® For
example, one interviewee described placing healthy (low infection risk) residents with infectious residents
as cohorting and referenced these same guidelines, as long as the non-infected roommate was “alert”
and had no “open orifices” through which pathogens may be transferred (Participant 32: Director of
Nursing, NH 5). Another discussed that cohorting might include placing residents with active infections
caused by different drug-resistant organisms together in the same room provided that the infections of
each were “contained” and the residents’ provider(s) or families did not object to this action (Participant
41: Infection Prevention Director / Director of Nursing, NH 6).

For some interviewees, there were misunderstandings about bacterial colonization and the
infection risk it poses. For example in discussing this topic, one interviewee stated that it is “safe” to place

a methicillin-resistant Staphylococcus aureus-colonized resident with a roommate (Participant 50: Director
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of Nursing, NH 7) and another stated that asymptomatic residents are “not infectious” (Participant 53:
Administrator, NH 8).

Interviewees also noted fears of spreading infection not only among the residents but also to
themselves, and to their families.

"We had someone that was just admitted not too long ago that had just a skin breakout [... staff

members] were all very scared. They were gowning and gloving and masking to go in the room.

But [the resident] wasn't infectious... we had to call another in-service and say look, [personal

protective equipment] isn’t needed." (Participant 48: Assistant Director of Nursing/ Infection

Prevention Director, NH 7)

Appropriate use of personal protective equipment was important to interviewees as observed
inappropriate use during a mandatory annual state inspection of the facility may result in a deficiency
citation and a costly fine. Interviewees noted that education might be key to alleviating fear of infection
among staff as well as fear, frustration and intentional non-compliance among residents and their families
in response to the resident’s restricted location and/or activities.

Discussion

We inferred from these rich data that differences existed in isolation-based practices between
facilities. This study confirmed that a lack of private rooms and other resources are barriers to isolation
practices, as demonstrated in previous work.?® We found that current practice to maintain a ‘home-like’
environment was informed by perceptions of transmission risk and resident quality of life. However, there
were clear misunderstandings among some interviewees about current infection control terminology,
recommendations and concepts.

Variation in practice between NHs was conspicuous and not surprising. According to clinical
guidelines for this setting, contact precautions and other isolation-based infection prevention and control
practices may be applied on a case by case basis to adapt practice to the needs of the individual facility
and resident.® We infer from our data that these practices in NHs appear to be aligned with the clinical
guidelines in this way. Our findings also suggest that variation is likely driven by a combination of factors
including quality of life perception and prioritization, limited availability of private rooms, and lack of

routine laboratory services and other resources. In particular, the desire among interviewees to balance
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resident quality of life and infection prevention and control practices was striking and represents a specific
challenge to infection reduction in this setting.143 However, the degree to which NH staff are adjusting
practice based on perception rather than evidence highlights ambiguity in published infection prevention
and control guidelines and an overall lack of infection intervention effectiveness data specific to this
setting.

A salient example of how care for residents may be improved with new evidence is greater
understanding of transmission risk from residents colonized with MDROs in NHs. Contact precautions are
not required for all MDRO carriers in this setting, but MDRO colonization should be a consideration for
isolation when the risk is high that the resident will infect others.® Our interviewees either did not mention
colonization in discussion of decision-making factors or stated specifically that their NH lacked
colonization care protocols. This is consistent with a previous survey in which 36% of NH staff would not
change their practices if they knew a resident was colonized or infected with methicillin-resistant
Staphylococcus aureus or vancomycin-resistant enterococcus.” That survey did not provide data about
why resident colonization status would not affect interviewee practices. While current guidelines advise
NH staff to make isolation decisions on a case by case basis,? 148 150 removing colonization status from
the decision-making process entirely does not seem congruent with current clinical guidelines.5: 148
Guidelines and the evidence supporting them should specifically address the relative transmission risk
posed by certain residents and practices. The American Medical Directors Association, Society for
Healthcare Epidemiology of America and Association for Professionals in Infection Control guidelines
encourage covering draining wounds with dry dressings® 150 but the extent to which transmission risk is
lower when secretions, colonization, or infection are contained under a dressing, within a device (i.e.,
urinary catheter drainage bag), or under clothing is not known.130: 148 149:150 Eyrther, limited evidence
exists that the use of a bedside commode effectively reduces infection transmission risk when no private
bathrooms are available.>* The relative safety and benefits of allowing infected individuals to attend
activities in shared spaces while donning personal protective equipment is not known. Therefore,
practices based on perceived containment of the infection described here may not in fact be effective in
preventing transmission of pathogens between residents. As mentioned above, isolation precautions

have been primarily studied in acute care settings where the quality of data produced has been poor.% 5%
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98 More evidence regarding processes for precaution discontinuation as well as isolating residents when
private rooms are not available (e.g., cohorting) would be beneficial for informed decision-making. This
new evidence may help ensure consistent, high quality care for residents across NHs. Further, more
standard, and perhaps simplified, guidelines may be warranted as new setting-specific evidence becomes
available.

Given the inconsistent use of terminology and misunderstandings of infection concepts among
NH staff, there may be a need to increase and/or reinforce understanding of existing guidelines. For
example, although we cannot determine if interviewees’ descriptions of cohorting an infected resident with
a healthy resident in the same room represented an ineffective infection control practice, use of the term
cohorting was inconsistent with the definition of cohorting provided in the Centers for Disease Control and
Prevention guidelines (i.e., grouping together patients colonized or infected with the same organism by
location during all activities to prevent organism transmission to unaffected patients).#° It is doubtful that
NH staff can apply the guidelines appropriately if the terminology is not understood. Inconsistent use of
terminology and other misunderstandings revealed in these data may be due to the fact that infection
prevention directors in this setting typically have minimal training for this role and multiple
responsibilities.®® However, training and education would presumably have a greater impact to reduce
healthcare associated infections with the availability of new evidence regarding infection prevention and
control practice effectiveness in this setting.
Limitations

While our sample was purposefully geographically dispersed and sampled for diversity, high
heterogeneity between NH facilities and resident populations''” as well as state laws and initiatives>?
purposeful sampling may limit the transferability of study findings. Although these data represent U.S.
NHs, themes may be more broadly applicable. As interviews were semi-structured to capture
unanticipated and relevant content, there was variation in specific follow-up questions asked by each
interviewer. Unless explicitly stated by the interviewee, we cannot conclude that certain decision-making
factors, resources or practices were either present or absent at a particular NH, nor can we make
conclusions about the relative importance of specific factors at a given facility or how frequently they were

implemented. While we were not able to have each interviewee review transcripts, in an effort to conduct
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member-checking, each NH was sent a summary of the findings from their facility and no corrections
were offered. Use of a keyword search to identify passages of interest for our directed content analysis
may have limited this study if a relevant passage was not identified. However, we are confident this was
not the case as two randomly selected, full transcripts were reviewed to ensure the search results
highlighted all relevant sections. The keyword search was therefore timesaving and helped to identify
passages with content of interest.
Conclusion

There is wide variation in isolation-based infection prevention and control practices in NHs.
Additional training may help staff better understand key infection prevention and control concepts and
definitions. However, efforts to improve care in this setting should focus on generating new effectiveness
research, which is necessary to understand which isolation-based infection prevention and control
practices are associated with the lowest infection risk among NH residents. Results of those studies can
better inform clinicians’ decision-making regarding transmission risk and appropriate practices for
individual residents, especially in cases of colonization, cohorting and other organism containment
practices. New evidence on these topics is required to ensure high-quality, consistent care for this

vulnerable population.
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Figure 4.1: Emergent themes from qualitative directed content analysis regarding isolation-based
infection control and prevention practices in nursing homes.
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Chapter 5: Quantitative Analysis of Isolation Precautions Use
This chapter quantitatively describes isolation precaution use in nursing homes (NHs) for
residents infected with a multidrug-resistant organism (MDRO). It adds to the literature, as this topic has
not been studied to date using Minimum Data Set (MDS) data to the author’s knowledge. This analysis

examines extensive client and system characteristics that predict isolation precautions use.

Note: This manuscript has been prepared for submission to the Journal of the American Geriatrics
Society.

Cohen, C.C., Dick, A. & Stone, PW. (In Progress) Predictors of Isolation Precautions Use in Nursing
Homes. Journal of the American Geriatrics Society.
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Abstract
BACKGROUND/OBJECTIVES: Nursing home (NH) residents contract an estimated 1.64 to 3.83 million
infections annually. A growing number of these infections are the result of multidrug-resistant organisms
(MDROSs). While isolation precautions are widely recommended to control MDROSs, NH isolation
precaution use differs from acute care settings due to limited resources and conflicting care goals. To
ensure high quality care of the vulnerable NH resident population, this study identifies client and system
characteristics that predict use of isolation precautions against MDRO in NHs.
DESIGN: A cross-sectional analysis of a large, national dataset by multivariable linear probability models
with facility-level fixed effects.
SETTING: All NHs certified to accept Centers for Medicare and Medicaid Services’ (CMS) reimbursement
October 2010-December 2013.
PARTICIPANTS: Elderly, long-stay residents of CMS-certified NHs with an MDRO-positive assessment.
MEASUREMENT: Data were obtained from: Minimum Data Set 3.0 (admissions, quarterly and annual
assessments), Certification and Survey Provider Enhanced Reporting and Area Health Resource File.
Multivariable models were generated to identify independent predictors of isolation use.
RESULTS: The sample included 191,816 assessments with an active MDRO infection, representing
138,294 unique residents in 11,773 NHs; of these, 12.8% recorded isolation precautions use. Of NHs
reporting MDRO infection, 31% used isolation precautions to control MDRO. Clinical characteristics of
individual residents that increased probability of isolation included needing support with activities of daily
living (locomotion: +16.6%, p <.001, and eating: +6.1%, p < .001). Isolation was lower among those with
a prior MDRO infection (-4.2%, p< .001) and wandering in the past 7 days. While registered nurse staffing
was positively correlated with isolation precautions use, licensed practical nurse and certified nurse aide
staffing was positively correlated with this practice at the highest and lowest levels. Residents in NHs that
received an infection control-related citation in the past year had higher probability of isolation (+1.3%, p =
.02); those in NHs that received a quality of care citation in the past year had a lower probability of
isolation use (-2.2%, p = .03).
CONCLUSION: Isolation was used in only a small percentage of residents with positive MDRO

assessment and there was variation across facilities as to whether isolation precautions were used for
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MDRO infection. Within NHs that used isolation, staff treated MDRO-positive residents with a history of
MDRO, wandering and higher eating and locomotion functionality differently than other MDRO-infected
residents, perhaps to prioritize quality of life and preserve resident autonomy. The previous year’s
inspection also affected isolation precautions use, both through infection control-related citations and
quality of care citations. While nursing staffing was also associated with precautions use, the relationships
were unexpected and future research is needed to determine if staffing is a proxy for other system

characteristics affecting treatment of MDRO infection.

KEYWORDS: Isolation precautions, infection prevention, nursing homes, large data analysis
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Introduction

Antibiotic resistant bacteria are recognized as a serious threat by The Centers for Disease
Control and Prevention (CDC)?%? and the World Health Organization.1”> Bacteria that are resistant to one
or more classes of antibiotics represent a growing proportion of resistant infections. These multidrug
resistant organisms (MDRO) are frequently resistant to almost all antimicrobial therapies.#¢ While MDRO
exist in many healthcare and community settings, these infections are a particular concern in nursing
homes (NHs), where morbidity and mortality due to MDRO is especially high relative to other settings1%©
and MDRO prevalence is increasing.”®

Isolation precautions are a widely recommended practice to prevent MDRO infections.6: 149: 150
The CDC describes isolation precautions to prevent transmission of pathogens by direct and indirect
contact as 1) using standard precautions, 2) placing an infected individual in a private room, and 3)
donning a gown and gloves when in close contact with the patient and the patient’s environment.14°
Hereafter, these practices are referred to as isolation.

While isolation effectiveness for MDROs has been studied in acute care settings,4% 57: 91: 119
isolation effectiveness in NHs is not well established® and may be impractical.’'! In NHs, an isolated
resident “must remain in his/her room [which] requires that all services be brought to the resident (e.qg.
rehabilitation, activities, dining, etc.)”.3” Therefore, in addition to requiring a private isolation room,
isolation also requires more resources than regular care such as dedicated personal care items, cutlery,
commodes and more staff time to put on personal protective equipment when entering and leaving the
room. The additional cost of isolation in long-term care is $6,000 per isolated resident annually,2® which
has been reported to influence isolation use.®® Hence, isolation is often more difficult to implement in NHs
as these facilities have fewer available resources. 168 Further, isolation is often in conflict with the NH
goals of care to promote autonomy, function, dignity and comfort!’* and may therefore present an ethical
dilemma.%¢ As such, NH staff must decide to implement isolation precautions on a case-by-case basis®
149 to maximize resident quality of life while minimizing transmission risk to this vulnerable population as
well as the cost of additional resources needed for isolation.®

Limited information exists about how NH staff attempt to reconcile infection control and

prevention and other care goals,!® but previous studies indicate that isolation use depends on the
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individual resident.5% % Resident characteristics that have been found to influence the decision to use
isolation include not only the type of infection, but also the resident’s personal hygiene, secretion control
and infection location.''? For example, those with an infection within an indwelling device or covered by a
wound dressing might not be isolated.® Further, a resident’s cognitive abilities to understand and comply
with isolation practices may also be an important factor.5? Residents with psychosocial or behavioral
issues may be less likely to be isolated, as adverse psychosocial effects of these practices have been
well documented.13 Further, NH staff may be more likely to place new admissions on isolation as these
individuals may not have a clear medical history.88 Clinical practice guidelines acknowledge that the
decision to use isolation precautions depends on the scenario, client (i.e., demographic and clinical) and
system (i.e., facility and location) characteristics, but as many of these factors are perception-driven
rather than evidence-based, substantial variation may exist in clinical practice.5? Understanding how
isolation is currently used in this setting is necessary to ensure high-quality care for this vulnerable
population.
Objective

This study quantifies client and system characteristics that predict isolation among MDRO-
infected residents of U.S. NHs using a national dataset. To our knowledge, a quantitative description of
isolation in NHs across the nation has not been published in the scientific literature.

Methods

This study was a retrospective, cross-sectional analysis of 3 datasets obtained as part of a larger
study (ROLNR013687). Data were de-identified and new identification numbers were assigned to unique
individuals prior to beginning this analysis. The Institutional Review Board of Columbia University Medical
Center approved this study.
Data Sources

Data for this analysis were obtained from three national datasets: MDS 3.0, Certification and
Survey Provider Enhanced Reporting (CASPER) and Area Health Resource File (AHRF). NH staff must
complete detailed clinical MDS assessments for all residents as part of the Centers for Medicare and
Medicaid Services (CMS) reimbursement eligibility criteria and quality assurance system. The MDS

therefore captures detailed client characteristics from the residents in 96% of U.S. NHs.?” Certified NHs
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are required to have a registered nurse on staff to coordinate collection of MDS resident health status
information and sign-off on each completed assessment. This study used information from admission,
quarterly and annual MDS assessments from October 2010-December 2013; this date range limited data
to the current version of the MDS (3.0).

The MDS 3.0 was designed to increase data quality and validity.3® In a national evaluation study,
the MDS variables used in this study all had very good or excellent reliability (measured as agreement
among nurse researchers as well as between nurse researchers and facility nurses) with isolation having
100% agreement.140

Like MDS, CASPER is also a component of CMS’s quality assurance system. Data contained in
CASPER, referred to as Online Survey Certification and Reporting (OSCAR) prior to October 2010,31
must be presented during the annual inspection and capture facility characteristics in the 2 weeks prior to
inspection; submission of these data is required to obtain CMS reimbursement.® MDS assessments were
linked by facility ID and most recent prior inspection date. Therefore, this study included data from 2009-
2013, all of which are hereafter referred to as “CASPER”.

Area Health Resource File (AHRF), referred to as Area Resource File prior to 2013, contributed
data regarding the local environment in which the NHs operated in 2010-2013 AHRF is compiled by
Health Resources and Services Administration from 50 databases containing county-level health status,
facilities, professions, economic activities, and socioeconomic and environmental characteristics of
geographic locations in the U.S.166
Study Sample

The sample was all MDRO-positive assessments of elderly residents (over 65 years of age). The
sample was limited to assessments from NHs that were identifiable in both the MDS and CASPER data,®
were freestanding and had 25 to 320 beds (98th percentile of facility size). These criteria eliminated
hospital-based facilities, which have differing needs, susceptibility to infection!®® and cross-contamination
risk1”® and also exceptionally small or large facilities, which have different infection control and prevention

policies and resources.'”® Appendix J outlines the sampling process.
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Variables

The dependent variable was isolation use as reported on the MDS. While isolation policies and
practices appear to vary widely in NH,50 the isolation precautions item in the MDS 3.0 specifically
indicates that “the resident is in a room alone because of active infection”. Residents reported to be in
isolation must be individually isolated, not cohorted with others, even if potential roommates have the
same disease.?®

Figure 5.1 Concepts in linear probability model to predict isolation

(Among multidrug resistant organism (MDRO) infected nursing home residents, as organized by the
Quality Health Outcomes conceptual framework)

Client
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Note: Time trend adjustment also included.

Guided by the Quality Health Outcomes conceptual framework,19 clinical guidelines® 149 150 gnd
previous research>2 empirical models were specified including client and system characteristics to predict
isolation (see Figure 5.1). Client characteristics included admissions assessment, activities of daily living,
behavioral problems,52 history of MDRO infection, indwelling catheter use,® being a long stay resident
(i.e., having stayed for greater than 100 days in the facility’38) and mood. Resident cognitive ability

(Alzhiemer's dementia, non-Alzheimer’s dementia, ability to make self understood,4° wandering®?) was
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also included to capture both contact with the environment and resident compliance ability. System
characteristics identified as potential predictors of isolation use were: staffing levels of registered nurses,
licensed practical nurses and certified nurse aides (measured as full time equivalents, FTE, hours per
resident per day) and infection control-related and care quality deficiency citations on the last CMS
inspection.?®

Control variables included client demographics (i.e., gender, race), resident influenza
vaccination,® time trend (assessment date), facility characteristics (number of beds, occupancy rate, chain
membership, ownership status) and location characteristics. Control variables related to location included
county demand for NH services (elderly per square mile), market competition (measured by the
Herfindahl index which was calculated on a scale of 0-10,000, with 10,000 indicating complete market
share of NH beds in the county??), and median household income. The number of assessments per
resident was included to adjust for multiple measures of unigue individuals and dummy variables were
included to adjust for missing values of key predictors if these predictors were missing > 10% of values.
Other variables with missing data (> 10%) were noted and removed. In addition to the above, seasonality
(month), age, having an MDRO on the previous assessment and CMS region were assessed to describe

the sample.

Data Analysis

Data were cleaned and continuous independent variables were standardized and categorized into
deciles. Bivariate analyses were used to calculate standard descriptive statistics of all independent
variables and the outcome. Description of the resident assessments included resident-level clustering and
the description of NHs included facility-level clustering for robust standard errors, to account for repeated
measures of unique individuals and facilities, respectively. Descriptors of NHs with and without isolation
for MDRO infection in the past year were also compared.

Multivariable linear probability models were generated and fit-tested to specify a final model. A
multivariable preliminary main effects model was developed to assess the functional forms of continuous
variables and the outcome (see Appendix K) and specify each variable in the final model. Additionally,
categorical dummy variables were jointly assessed; and, if clinically meaningful interaction terms were

suspected, these were included if each either individually or jointly contributed to the model. While logistic
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regression models may have been appropriate, use of those models was not possible given the size of
the data set, number of variables, and available computational power. Further, as facility fixed effects
were used to mitigate the effect of unobserved NH characteristics, a continuous outcome is preferred to
avoid bias in the fixed effects estimate.” Adjusted R? was calculated for each model iteration and a C-
statistic determined for the final model.

Robustness of final model results was tested by varying assumptions as follows: (A) changing the
definition of a long-stay resident from >100 day stay to having an annual assessment, (B) excluding
admissions assessments, (C) including non-elderly residents, (D) using state fixed effects and (E) using
CMS region fixed effects. Each test was two-sided with alpha = .05. All analyses were conducted in Stata
13_153

Results

The data included 191,816 observations with an active MDRO infection, representing 138,294
unique residents in 11,773 NHs. Table 5.1 describes the total sample and assessments with and without
isolation use. The sample represented residents that were predominantly female (59%) and non-Hispanic
White (83.9%) with a mean age of 80.5 years. Of these MDRO-positive assessments, 12.8% reported
isolation precautions. Of the NHs reporting an MDRO infection in the past year, 31% used isolation at
least once for MDRO.

Demographics associated with isolation were younger age, male gender, Asian and Black race
and Hispanic ethnicity (each p <.001). White race was inversely associated with isolation precautions (p
<.001). Clinical characteristics associated with isolation precautions use in bivariate analyses were less
independent activities of daily living (mean: 19.53 vs.18.58, p < .001), worse mood severity score (mean
=3.41 vs. 3.08, p <.001) and indwelling catheter use (26.5% vs. 20.92%, p < .001). Assessments
showing isolation precautions were less likely to indicate behavioral problems (8.95% vs. 9.77%, p <
.001), a dementia diagnosis (31.23% vs. 35.14%, p <.001), history of another MDRO-positive MDS
assessment (15.08% vs. 29.78%, p < .001), current influenza vaccination (20.87% vs. 30.57%, p < .001),
long-stay status (13.69% vs. 27.11%, p < .001), or wandering (1.24% vs. 2.07%, p < .001) (see Table
5.1). Isolation precautions use was also correlated with the date of assessment (both seasonality and

time trend) as well as state and CMS region (each p < .001).
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Table 5.2 compares NHs that used isolation precautions against MDRO in the past year to those
that did not. Facilities using isolation were larger (124.34 vs. 113.83 beds, p <.001), more likely to be for-
profit or government-owned, and more likely to have received an infection control-related citation (40.68%
vs. 37.06%, p < .001) or care quality citation (68.10% vs. 66.21%, p = .003) on the last inspection. These
facilities also had lower registered nurse staffing (0.70 vs. 0.71, p = .007), higher licensed practical nurse
staffing (0.84 vs. 0.80, p < .001), lower occupancy rate (82.62% vs. 83.76%, p < .001) and were less
likely to be members of a chain (58.61% vs. 62.33%, p < .001). NHs using isolation were located in less
competitive markets (Herfindahl index =1802 vs. 2030, p <.001) and had more demand for nursing home
services (elderly per square mile = 94.69 vs. 80.89, p <.001).

The final multivariable model had a C-statistic of .59, indicating fit greater than random chance?®°
(see Table 5.3). Needing support with locomotion was associated with a 23.58% increase in probability of
isolation (p < .001). Needing support with eating activities of daily living increased isolation probability by
17.92% (p < .001) and having an indwelling catheter increased isolation probability 8.24% (p < .001); use
was also more likely to be recorded on assessment conducted for admission (48.07%, p < .001). Clinical
characteristics associated with lower isolation probability were having a history of any MDRO-positive
assessment before the current assessment (-14.34%, p < .001), needing support with bed mobility
activities of daily living (-9.19%, p = .01), and wandering in the past 7 days. The full model output is
available in Appendix L. While individual measures of dementia diagnoses and mood severity score were
not significant, both groups of variables jointly contributed to the model (Appendix M).

NHs with 1.62-2.08 registered nurses FTE per resident per day were less likely to use isolation
than those with 0.46-0.69 FTEs per resident per day. Both licensed practical nurses and certified nurse
aide staffing were associated with lower probability of isolation with higher staffing. Further, MDRO-
infected residents in NHs that received an infection control-related citation in the past year were
associated with a 3.39% increased probability of isolation precautions use (p = .02), but were less likely to
be on isolation precautions if the NH received a quality of care citation in the past year (-3.27%, p = .03).

The above results were robust with regard to (A) different definitions of long-stay residents and
(C) with the inclusion of residents under age 65. Results were also robust when (B) the sample excluded

admissions assessments, except for the characteristics of needing support with eating and RN staffing
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level, which both became weaker positive predictors. Using state fixed effects (D) altered verbal
behavioral problems and having an indwelling catheter were both stronger positive predictors. RN staffing
became negatively associated with isolation use. Using CMS region fixed effects (E) changed these same
predictors as the state fixed effects model and additionally altered having an MDRO history to be a
stronger positive predictor and long-stay status to be a stronger negative predictor. Appendix N-Appendix
P display significant changes to the output in each robustness check.

Discussion

This study provides novel, detailed understanding about nationwide isolation use in NHs. Not only
were MDRO-infected residents rarely in isolation (12.8% of assessments), there was variation between
NHs in the use of isolation at all. Only 31% of NHs with at least one MDRO-infected resident used
isolation for MDRO in the calendar year. The low rate of isolation use for MDRO was surprising
considering that 20% of all hospital inpatients are isolated at any given time.58 This practice pattern
warrants further investigation as to whether current use of isolation in NHs is effective to prevent MDRO
transmission.

Most predictors of isolation in this analysis were aligned with expectations including recent
admission, MDRO history and some activities of daily living. There was higher isolation use among recent
admissions. Clinical history may be uncertain for recent admissions,® and some NHs may have policies
to address transmission risk from new residents with pre-emptive isolation.52 Lower isolation use among
those with a prior MDRO infection (versus those with no MDRO history) may indicate that NH staff are
concerned about resident quality of life among this population.6 For example, if these residents had been
isolated previously within or outside the facility, another isolation period would decrease the resident’s
quality of life. NH staff may also be trying to preserve resident psychosocial health and functionality by not
using isolation as often for residents who needed support with eating and locomotion activities of daily
living. These findings appear to match the priorities and perceptions of NH staff described in a previous
qualitative study>? and also would be expected if NH staff were following the American Medical Director’s
Association’s (AMDA) infection control guidelines for long-term care that recommend considering resident

quality of life, functionality and psychosaocial health in the decision to use isolation.®
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However, some associations between isolation and included variables were unexpected. First,
hygiene-related activities of daily living were not associated with isolation. It is unclear why this may be
the case as AMDA recommends poor hygiene and/or uncontrolled secretions as a consideration for
whether to isolate that resident. Second, the relationship between isolation and having an indwelling
catheter was surprising. While these data do not indicate whether the MDRO infection was in the catheter
or elsewhere, the AMDA guidelines indicate that resident with infections within indwelling catheters may
pose lower transmission risk, and therefore be less likely to need isolation precautions than those with an
infection in another location. It is not clear why those with MDRO and an indwelling catheter would be
more likely to be isolated.

Patterns of isolation use in NHs may be influenced by resources available in the facility to devote
to isolation. For example, as nurses perceive isolation precautions as a time-intensive practice,’® NH staff
may be less likely to implement isolation among residents who require more frequent nursing care. This
may explain the negative association between needing bed mobility support and isolation precautions
use, as these elderly residents must be repositioned every 2 hours or less to avoid pressure ulcers
(without a pressure-reducing device).162 Further, there was an inverse relationship between wandering in
the past 7 days and isolation precautions use, which may also be related to the perception that patients
who wander may need more attention from nursing staff to ensure the resident stays in a private isolation
room.>2 Moreover, residents who do not require support with eating activities of daily living (i.e., non-
intubated) require the increased resource burden to the facility of disposable cutlery, plates and cups to
use in isolation.”® These additional resource requirements of isolation may explain the inverse relationship
between independent eating activities and isolation. While it is not possible to determine from these data
whether the additional resource burden to the NH influenced practice, it would be consistent with a
previous survey in which 21.4% of NHs reported that they could not use isolation due to a lack of either
dedicated equipment or a private room.176

These data imply that CMS inspections also affect infection control practices. NHs that received
an infection control-related citation in the past year were more likely to use isolation precautions. This is
not surprising given that limited infection prevention and control training®¢ and knowledge deficits®? have

been identified among NH staff and NH staff who received an infection control-related citation in the past
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year would have been recently informed of recommended practices. However, there was a negative
relationship between receiving a quality of care citation in the past year and isolation. It is not clear why a
quality of care citation would decrease use of isolation, but may indicate that the NHs receiving them
have had to divert resources from infection control and prevention to improve other aspects of care.
Nevertheless, additional infection prevention and control training for NH staff may be helpful to avoid
citations®0 and decrease the inconsistency in isolation precaution use described here.

The influence of inspections on NH practice may also explain the relationships between isolation,
wandering, and self-locomotion. An inverse relationship between wandering and isolation in the MDS may
be because staff would not want to indicate an isolation protocol breach has taken place (i.e., the resident
left the isolation room). Further, NH staff may be cautious to avoid using isolation among residents with
higher risk of non-compliance (i.e., propensity to wander or ability to leave to room by independent self-
locomotion) to avoid the financial penalties or increased regulatory oversight due to an inspection
citation.*! Needing locomotion assistance likely increases resident compliance with isolation as they may
not be able to leave a private isolation room against protocol, easing the burden of maintaining
compliance with isolation practice for NH staff.

Finally, as NH staffing levels have been previously associated with high care quality,?8 it was
surprising that some higher levels of registered nurses, and higher licensed practical nurse and certified
nurse aide staffing were associated with less isolation use compared to the highest staffing levels of each
employee type. Within the facility fixed effects models, staffing levels within an individual facility may then
act as a proxy for higher overall infection rates (i.e., at times with more temporary workers or infection
outbreaks) and thereby when less available private rooms for each MDRO-infected resident. In a recent
analysis, higher nurse staffing appeared to predict high infection rates.6” Therefore, future studies should
assess whether the facility-wide rate of MDRO and other infections are associated with isolation use.

Strengths and Limitations

Strengths of this study include the use of a large representative dataset that allowed for a
comprehensive assessment of client and system predictors of isolation. Another strength of this study
was the robustness of these findings when assumptions were modified. A limitation of the MDS is that

assessments offer a snapshot of resident health with look-back periods that vary by the assessment item
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(7-60 days).13* The MDS does not include a measure of MDRO infection location or severity, which may
influence isolation precaution use.® The sampling strategy based on individuals identified with positive
MDRO infections may underrepresent the use of isolation for other organisms (e.g., Clostridium difficile).
This may explain the moderate C-statistic for the final model. Nevertheless, this sampling strategy was
thought to be adequate to determine how isolation precautions are used among MDRO-infected
residents. These data do not include cohorting, other infection prevention and control practices or
prevalence of infection in the NH for which isolation may be required. Use of other care practices may
cause variation in the observed use of isolation precautions. Moreover, these data are retrospective and
subject to self-reporting biases given that NH administrators compile and submit most collected data.
However, MDS and CASPER data are subject to CMS audit and NH staff receive deficiency citations and
penalties for inaccurate reporting.
Conclusions

This study is the first to examine predictors of NH isolation for MDRO, including detailed client
and system characteristics in this large, national dataset. Here, we report that isolation is used in only a
small percentage of residents with a positive MDRO assessment and there was variation in isolation for
MDRO infection between facilities. Within NHs that use isolation, staff appear to be treating MDRO-
positive residents with a history of MDRO, wandering and unsupported eating and locomotion activities of
daily living differently than other MDRO-infected residents, perhaps to prioritize quality of life and
preserve resident autonomy. It also appears that NH inspections are affecting isolation precautions use,
both through infection control-related citations and quality of care citations. Future research is needed in
this setting to determine if the use of isolation is effective to prevent MDRO infection and whether nurse

staffing is a proxy for other system characteristics affecting treatment of MDRO infection.
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Graphics
Table 5.1 Characteristics of multidrug-resistant organism (MDRO) infected residents.

All MDRO-Infected Asselsssorra?inotz with Assesslsr‘rgla;\ttiz;wthout
(N =191,816) (n =24,557) (n =167,259)
Resident Demographics Mean SD Mean SD Mean SD P
Age in years 80.46 8.50 79.79 8.39 80.56 8.51 <.001
N % N % N % P
Female gender 113,321 59.08 14,020 57.09 99,301 59.37 <.001
Race
American Indian or Alaskan Native 648 0.34 68 0.28 580 0.35 0.124
Asian 2,123 1.11 349 1.42 1,774 1.06 <.001
Black 16,456 8.58 2,524 10.28 13,932 8.33 <.001
Hispanic 7,028 3.66 1,269 5.17 5,759 3.44 <.001
Native Hawaiian/ Pacific Islander 478 0.25 56 0.23 431 0.26 0.409
White 160,993 83.93 19,775 80.83 141,218 84.43 <.001
Clinical Characteristics Mean SD Mean SD Mean SD P
Activities of daily living score (0-28)2 18.70 5.42 19.53 5.41 18.58 5.42 <0.001
Mood severity score (0-27)P 3.13 3.88 341 4.10 3.08 3.85 <0.001
N % N % N % P
Behavioral problems 18,444 9.66 2,177 8.95 16,267 9.77 <0.001
Dementia diagnosis 66,433 34.64 7,668 31.23 58,765 35.14 <0.001
History of MDRO infection 53,505 27.90 3,704 15.08 49,801 29.78 <0.001
C’vgoexlga' MDRQ infection (within 6 465 0.24 75 0.31 390 023 0071
Indwelling catheter 41,497 21.64 6,514 26.53 34,983 20.92 <0.001
Influenza vaccination in current season 54,616 29.34 4,960 20.87 49,656 30.57 <0.001
Long-stay status (> 100 days in facility) 48,708 25.39 3,361 13.69 45,347 2711 <0.001
Wandering 3,752 1.97 302 1.24 3,450 2.07 <0.001
Understood 136,157 71.31 17,011 69.86 119,146 71.52 <0.001
Other Predictors
Time trend -- -- -- -- -- -- <.001
Month of assessment (seasonality) -- -- -- -- -- -- <.001
State - - - - - - <.001
CMS region -- -- -- -- -- -- <.001

Note: Representing 138,294 unique residents in 11,773 facilities. P values calculated by simple logistic regression with robust standard errors
(resident-level clustering), significance level is alpha = .05; CMS = Centers for Medicare and Medicaid Services. 2Self performance on all activities
is zero on the activities of daily living support long-form score support long-form score and higher score indicates more support is needed. PHigher
mood severity score represents worse condition.
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Table 5.2 Characteristics of included facilities reporting at least one multidrug-resistant organism with comparison between facilities
with and without reported isolation precaution use in the past year.

All Facility Inspections NHs with Isolation Precautions NHs without Isolation
(N =31,759) in Calendar Year Precautions in Calendar
(n =9,969) Year
(n =21,790)

Facility Characteristics Mean SD Mean SD Mean SD P
Facility size (number of beds) 117.13 50.11 124.34 51.87 113.83 48.92 <.001
Isolation precautions use 15.29% 29.16% 48.72% 32.88%

Occupancy rate? 83.40% 13.61% 82.62% 13.47% 83.76% 13.66% <.001
Staffing®ec

Registered nurses 0.71 0.31 0.70 0.31 0.71 0.30 .007

Licensed practical nurses 0.81 0.31 0.84 0.32 0.80 0.30 <.001

Certified nurse aides 2.42 0.56 243 0.55 2.42 0.55 .218

N % N % N % P

Chain membership 19,425 61.16 5,843 58.61 13,582 62.33 <.001
Citation on last inspection:

Infection control 12,130 38.19 4,055 40.68 8,075 37.06 <.001
Citation on last inspection:

Care quality 21,217 66.81 6,789 68.10 14,428 66.21 .003
Ownership status <.001

For profit 23,732 74.73 7,686 77.10 16,046 73.64

Government 1,205 3.79 401 4.02 804 3.69

Not for-profit 6,822 21.48 1,882 18.88 4,940 22.67

Location Characteristics Mean SD Mean SD Mean SD P
i'i‘i'sbf'(,y (65+ years) per square 85.22 95.20 94.69 101.71 80.89 91.75 <.001
Market Competition-® 1958 2516 1802 2387 2030 2569 <.001
Median household income¢ $50,825 $12,608 $50,876 $12,552 $50,802 $12,633 .703
CMS region -- -- -- -- -- -- <.001

Note: These data include annual inspections of NH with at least one MDRO infection, representing 138,294 unique residents in 11,773 unique
facilities. MDRO = multidrug resistant organism; P values calculated by simple logistic regressions with robust standard errors (facility-level
clustering), significance level 0.05; 2Capped at 1 (100% occupancy). "Highest 1% of values excluded as outliers ¢Full time equivalent hour per
resident per day; %n the county where the facility is located; €Herfindahl index calculated as 0-10,000, with 10,000 indicating complete market
share of beds in the county and lower number indicate a more competitive market.



Table 5.3 Significant associations of multiple variable regression output

(with facility fixed effects)
Dependent variable: Isolation precautions reported on the current assessment
The final regression sample included 11,830 unique Nursing Homes, 188,059 observations.

Change
Predictor Isolation from
Rate (%) Reference
(%)
Clinical Characteristics
Activities of daily living: Bed mobility?
Supervision needed 13.98% -0.36% .93
Support needed/activity did not occur 12.74% -9.19% .01
Activities of daily living: Eating?®
Supervision needed 12.20% 1.67% .34
Support needed/activity did not occur 14.15% 17.92% <.001
Activities of daily living: Locomotion?
Supervision needed 10.98% 2.71% A7
Support needed/activity did not occur 13.21% 23.58% <.001
Admissions assessment 14.97% 48.07% <.001
Dementia diagnosis, Alzheimer’s' 12.70% -1.24% .68
Dementia diagnosis, not Alzheimer’sf 13.42% 6.51% .07
History of MDRO-positive MDS assessment
(Before current assessment) 11.47% -14.34% <.001
Indwelling catheter 13.67% 8.24% <.001
Mood Severity Score (ref: 25-27)bf
0-2 7.37% -46.76% 14
3-5 8.06% -41.78% .19
6-8 7.98% -42.35% .18
9-10 8.43% -39.10% 22
11-13 8.20% -40.76% 2
14-16 8.91% -35.63% .26
17-18 9.33% -32.60% 31
19-21 8.98% -35.13% .28
22-24 9.11% -34.19% .32
Wandering (ref: no wandering)
1-3 days of last week 10.34% -19.84% <.001
4-6 days of last week 9.07% -29.69% < .001
Daily wandering in last week 10.78% -16.43% .02
Facility characteristics
Citation on last inspection: Infection Control 13.12% 3.39% .02
Citation on last inspection: Care quality 12.71% -3.27% .03
Staffing: Registered nurses®ce
(ref: 0.46-0.69)
0.00-0.23 13.9% 6.37% .45
0.23-0.46 12.4% -4.99% .06
0.69-0.92 13.0% -0.31% .87
0.92-1.15 13.1% 0.61% .84
1.15-1.39 12.7% -2.84% .51
1.39-1.62 13.4% 2.84% .63
1.62-1.85 10.6% -18.87% .02
1.85-2.08 9.6% -26.70% .01
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Change

: Isolation from
Predictor Rate (%) Reference P
(%)
2.08-2.31 14.4% 10.13% .45
Top 1% of RN staffing levels 4.81% -0.31% <.001
Isolation Change
Predictor Rate at with 1 SD P
Mean
Staffing: Licensed practical nurse®¢® 12.5% -2.45%  .015¢
Staffing: Certified nurse aide”°® 12.3% -4.13%  .0059
Isolation Cprec\)r;?e
i 0
Predictor Rate (%) Reference P
(%)
Top 1% of LPN staffing levels 12.58% -2.10% .84
Top 1% of Aide staffing levels 15.02% 16.98% 19
Interaction terms
12.40%
Is understood and verbal behavior problems -3.65% .06
Dementia diagnosis and is understood 12.85% 0.00% .99
Dementia diagnosis and hygiene ADLs 13.05% 4.90% .29
Dementia diagnosis and eating ADLs 12.44% -5.61% <.001
Dementia diagnosis and toileting ADLs 13.13% 6.92% .18
Dementia diagnosis and ADL dressing 12.20% -14.21% <.001
Market competition and elderly per square mile 43.43% 251.62% .04
Market competition and median Income 8.28% -37.09% .57
Median income and elderly per square mile -26.83% -246.67% .03

Note: Linear probability model with facility fixed effects (C-stat: .58, N = 188,059), SD = standard

deviation. 2Activities of daily living reference categories are “independent”; PStandardized and divided into

10 categories by value, with highest as the reference; ‘Highest 1% of values excluded as outliers;

dCapped at 1 (100% occupancy); eMeasured in full-time equivalent hours per resident per day; \Variables

in group are jointly associated with the outcome, although no individual levels are. 9P-value from joint

contribution (F) test.
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Chapter 6: Quantitative Analysis of Multidrug-Resistant Organism Infection Risk Factors

This chapter describes a study that evaluates which characteristics recorded on nursing home
(NH) residents’ previous Minimum Data Set (MDS) assessment predict multidrug-resistant organism
(MDRO) infection on the current MDS assessment. Not only is it is the first study that uses a large,
national data sample to examine predictors of MDRO infection in NHs, it examines extensive client and

system characteristics as potential predictors.

Note: This manuscript has been prepared for submission to Clinical Infectious Diseases.

Cohen, C.C., Dick, A. & Stone, P.W. (In Progress). Predictors of multidrug-resistant organism infection in
U.S. nursing homes. Clinical Infectious Diseases.
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Abstract
Background: Reduction of multidrug-resistant organism (MDRO) infections in nursing homes (NHSs) is a
national priority. It is recommended that NH staff implement infection prevention interventions on a case-
by-case basis. However, previous studies of MDRO risk factors have limited external validity. The
objective of this study was to determine predictors of MDRO infection in U.S. NHs using a large,

nationally representative dataset.

Method: A longitudinal study was conducted using deidentified data from the Minimum Data Set,
Certification and Survey Provider Enhanced Reporting and Area Health Resource File. A random 10%
sample of NHs certified in 2010-2013 was selected. Assessments of elderly, long-stay residents within
these NHs were included. Multivariable linear probability models with facility fixed effects were generated

to identify predictors of MDRO infection recorded on the previous assessment.

Results: The sample contained 1,084,347 assessments (142,200 residents in 1,407 NHs). Of these,
0.68% recorded MDRO infection. Clinical characteristics associated with increased probability of MDRO
infection were MDRO infection history (6502%, P < .001), dialysis (77% P < .001), antibiotics use (73%, P
<.001), diabetes (51%, P < .001), locomotion support (9%, P = .02), indwelling devices and wounds.
Dementia decreased the probability of MDRO. New residents had a 23% lower probability of having an
MDRO infection (P = .03). Both certified nurse aide and licensed practical nurse staffing contributed to the

model.

Conclusions: This comprehensive analysis confirms predictors of MDRO infection found in previous
studies and adds new knowledge through inclusion of numerous, specific clinical and systems-based
characteristics. Future research regarding registered nurse and licensed practical nurse staffing in

preventing infection are needed to determine optimal staffing levels to reduce MDRO rates.
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Background

Infections impose significant, but potentially preventable morbidity, mortality and costs on the
vulnerable population residing in NHs, as well as the overall healthcare system.50 Infection due to
MDROs, such as methicillin-resistant Staphylococcus aureus, are a particular safety concern because NH
residents are at high risk for these infections.® Moreover, MDRO infections are more costly to treat?® and
are associated with worse health outcomes in NHs than in other settings.®° As the demand for NH care
increases as the population of NH residents is expected to grow from 1.5 million today®8 to 5.3 million by
2030,%%7 it is critical to optimize infection prevention and control practices in this setting.

NH staff must decide how to implement infection prevention and control practices balancing both
transmission risk and resident quality of life in a setting with limited infection control resources.® These
decisions may be challenging for staff when activities to reduce transmission risk (e.g., isolation
precautions in a private room) conflict with other goals of care important to this setting (e.g., promoting
socialization).52 Infection prevention and control guidelines recognize that NH facilities vary in population
acuity and resources (such as private room availability) and recommend that these practices be tailored
to the resident population, the facility resources, as well as transmission risk to individual residents.® For
example, some NH staff may place an MDRO-infected resident in the same room as a healthy resident
considered to be low-risk for MDRO transmission.>? However, the risk of MDRO transmission to the
exposed roommate or other residents as a result of such decisions is unclear.

Current knowledge of MDRO infection predictors among NHSs residents can be improved. In a
study of antibiotic-resistant infection incidence and prevalence among NH residents, infection was
associated with younger age, male gender, dialysis, paraplegia, quadriplegia, peripheral vascular
disease, and diabetes mellitus as well as urinary catheterization, feeding tubes, tracheostomy, and use of
intravenous medications.3% However, not only are these data more than a decade old, but this analysis
did not include facility characteristics, which given the high heterogeneity of NH resident and facilities,*’
limits the external validity of the findings. Moreover, interventions at the facility-level could be informed by
understanding what system characteristics (i.e., facility and facility location characteristics) are associated
with MDRO infection. Therefore, gaps in the literature exist in knowledge of current client and system

characteristics that predict MDRO infection. As infections caused by MDROs have been rising in NHs,”
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111 NH staff must understand the predictors of MDRO infections among NH residents to reduce them in
this setting.
Objective

The objective of this study was to determine the predictors of MDRO infection, including individual

resident and system characteristics, in a nationally representative sample of U.S. NH residents.
Methods

We conducted a retrospective, longitudinal study using three large datasets: MDS, Certification
and Survey Provider Enhanced Reporting (CASPER) and Area Health Resource File (AHRF). These data
were obtained as part of the Prevention of Nosocomial Infections and Cost Effectiveness in Nursing
Homes study (PNICE-NH, RO1INR013687). Data were deidentified and new identification numbers were
assigned to unique individuals prior to beginning this analysis. The Institutional Review Board of
Columbia University Medical Center approved both PNICE-NH and this study.

NH staff must complete detailed clinical MDS assessments for all residents as part of the Centers
for Medicare and Medicaid Services (CMS) reimbursement eligibility criteria and quality assurance
system. The MDS therefore captures detailed client characteristics from the residents in 96% of U.S.
NHs.?” Certified NHs are required to have a registered nurse on staff to coordinate collection of MDS
resident health status information and sign-off on each completed assessment. This study used
information from admission, quarterly and annual MDS assessments from October 2010-December 2013;
this date range limited data to the current version of the MDS (3.0). This version was designed to
increase data quality and validity.®® In a national evaluation study of the MDS, items included from the
MDS for this study (discussed below) had either very good or excellent reliability among assessors. This
included excellent agreement regarding “MRSA, VRE and Clostridium diff. infection/colonization” (kappa
of .971) among nurse researchers and clinical nurses.140
Study Sample

Admissions, quarterly and annual MDS assessments were linked with CASPER data by CMS
certification number and most recent prior inspection date. MDS and AHRF databases were linked by

county and year. Data were cleaned and sampled (see Appendix Q).
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The study included individual resident assessments from a sample of NHs identifiable in MDS
and CASPER data. These NHs were freestanding (i.e., not hospital-affiliated) as residents in hospital-
based facilities may have differing needs, susceptibility to infection6® and cross-contamination risk.17°
NHs had between 25 and 320 beds (98th percentile) as exceptionally small or larger facilities may have
different infection control and prevention policies and resources.”® Of these eligible NHs, a 10% random
sample was selected.

All resident assessments collected within the sample NHs were included in the analysis if they
represented individual residents over 65 years of age who ultimately stayed for greater than 100 days.138
Those who reside in NHs for less time are often admitted after acute care or for rehabilitation®” and have
different risk for infection’? which justifies their exclusion. The final sample was all admissions, quarterly
and annual MDS assessments of elderly, long-stay residents from the NH random sample.

Variables

The outcome was active MDRO infection recorded on the current MDS assessment (either a
guarterly or annual). An MDRO-positive MDS assessment indicates that the infection 1) was diagnosed
by an advanced healthcare provider in the past 60 days and 2) had “a direct relationship to the resident’s
current functional status, cognitive status, mood or behavior status, medical treatments, nursing
monitoring, or risk of death” within the past 7 days.*° Controls did not have an MDRO infection on the
current assessment. Characteristics recorded on the previous assessment (admission, quarterly or
annual) were compared to determine which predict MDRO infection.

Specification of the empirical model was guided by the Quality Health Outcomes Model
conceptual framework1% and previous research®? (see Figure 6.1). Clinical characteristics tested as
predictors were whether the assessment was for admission, activities of daily living/functional status,??
antibiotic exposure,125 168 cognitive ability®” (dementia, wandering, making self understood), diabetes,36
dialysis,*3® history of MDRO infection, indwelling devices®0: 136: 168 and wounds.%8 Facility predictors of
MDRO infection were nurse staffing'®* (measured in staff full-time equivalents per resident per day, FTE)
and inspection citations in the previous year. Client characteristic control variables were resident
demographics (age, race, gender), and the total number of MDS assessments per resident (to avoid

repeated measures bias). Other controls were facility characteristics (ownership status, facility size,®°
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chain membership, occupancy rate??) and facility location characteristics (market demand for NHs, market
supply of NH beds, median income in the county?®). Market competition was operationalized as the
Herfindahl index (calculated as 0-10,000, with 10,000 indicating complete market share of beds in the
county and lower number indicate a more competitive market!”%). Dummy variables were included to
adjust for missing values of key predictors if these predictors were missing > 10% of values. Other
variables more than 10% missing were noted and removed.

The assessment date was also included in analyses to assess time trends and seasonality
(months) was also used to describe the sample. The State and CMS region were also used to describe
these data to capture variation in public policy and initiatives at these levels to prevent HAI in NHs5! (see

Additional Appendix A).
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Figure 6.1 Concepts in linear probability model to predict MDRO-infection among nursing home
residents

(Organized by the Quality Health Outcomes conceptual framework)

Client
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System
Characteristics

Clinical & .
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Data Analysis

To avoid ecological fallacy,#5 that is deriving conclusions about individuals based on membership
in a group, the analysis was conducted at the individual resident level. Data were cleaned and descriptive
statistics were generated using bivariate analyses. Descriptive statistics of NHs with and without an
MDRO infection in the past year were also compared. These analyses incorporated resident-level and
facility-level clustering for robust standard errors to account for repeated measures of unique individuals
and facilities, as appropriate.

Multivariable linear probability models were generated and fit-tested to determine a final model.
Logistic regression was not possible given the size of the data set, number of variables, and available
computational power. Further, as there are many potentially relevant NH characteristics, the final model

was generated with facility-level fixed effects to mitigate the effect of unobserved characteristics (i.e.,
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omitted variable bias). Hence, linear probability model were preferred to avoid biased fixed effects
estimators characteristic of logistic regression.”

Continuous independent variables of interest were standardized and categorized into deciles.
Functional forms of continuous variables were assessed in a preliminary main effects model to determine
variable specification in the final model (see Appendix S). Categorical dummy variables were jointly
assessed and if clinically meaningful interaction terms were suspected, they were included if each either
individual or joint contributed to the model. The model adjusted for multiple measures of unique
individuals by controlling for each resident’s total number of assessments. An adjusted R? was calculated
for each model iteration and a c-statistic was calculated for the final model.

Assumptions were varied in a number of ways to assess robustness of the conclusions.
Descriptive statistics were assessed regarding A) characteristics associated with MDRO infection on the
current assessment (rather than examining characteristics on the previous assessment). Robustness
checks of the empirical model were conducted by changing the sample to exclude B) those without
annual assessments rather than those staying <100 days, C) admissions assessments and D) residents
with a current MDRO infection. Finally, robustness checks with fixed effects E) by state and F) CMS
region were also conducted. Each test was two-sided with alpha = .05 and all analyses were conducted
using Stata 13 statistical software.153

Results

The sample contained 1,084,347 observations, representing 142,200 residents in 1,407 NHs. Of
observations which had a previous assessment from which predictors could be examined, there were
6,397 assessments with MDRO infection (0.68%) and 935,655 assessments without MDRO infection. The
sample was 73% female and represented residents with a mean age of 83.6 years old (see Table 6.1). In
bivariate analyses, assessment with MDRO infection were less likely to be female (64.45% vs. 73.02%, P
<.001). Assessments with MDRO infection were more likely than those without MDRO infection to be a
recent admission (12.49% vs. 8.19%, P = .028), receive dialysis in the facility (3.26% vs. 1.09%, P =
.028), have a history of MDRO infection (32.56% vs. 0.44%, P < .001), have an indwelling catheter
(29.31% vs. 8.47%, P < .001), or a wound (30.28% vs. 9.56%, P < .001). Assessments with MDRO

infection were also less likely to have a dementia diagnosis (49.50% vs. 62.24%, P = .002).
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The comparison of facilities that reported at least one MDRO infection in the previous calendar
year to those without is presented in Table 6.2. Differences include that NHs with at least one MDRO
infected resident were larger (mean: 121.88 vs. 99.39, P <.001) and had higher occupancy (mean:
84.12% vs. 80.35%, P <.001). NHs reporting at least one MDRO were in counties with greater elderly per
square mile (mean: 88 vs. 72, P < .001), lower market competition (Herfindahl index mean: 2,004 vs.
2,327, P <.001) and higher median household income (mean: $53,075 vs. $50,976, P < .001).

The final multivariable linear probability model had a C-statistic of .78, indicating good fit8 (see
Table 6.3, Appendix T for complete output of the final model and Appendix U for the joint contributions of
predictor concepts). Clinical characteristics that were associated with an increased probability of MDRO-
positive clinical assessment were having a history of MDRO infection before the current assessment
(+6502%, P <.001), receiving dialysis in the NH (+77% P < .001), receiving antibiotics in past 7 days
(+73%, P < .001), needing support with locomotion activities of daily living (+9%, P = .02), and having an
indwelling device (indwelling catheter, intermittent catheter, intravenous medication, ostomy, and
tracheostomy) or a wound (pressure ulcer, venous-arterial ulcer, diabetic foot ulcer, surgical wounds and
other open lesions). Diabetes diagnosis was associated with a 51% increase in the probability of MDRO
infection (P < .001) and Alzheimer’s dementia or non-Alzheimer’'s dementia decreased the probability of
MDRO infection by 11% (P <.001) and 7% (P = .01), respectively. Residents new to the facility (following
admissions assessment) had a 23% lower probability of having an MDRO-positive assessment (P = .03).

Certified nurse aide staffing significantly contributed to the model, but both higher and lower
levels of staffing were associated with higher MDRO infection probability relative to median staffing.
Conversely, the highest and lowest licensed practical nurses staffing were associated with higher rates of
MDRO infection probability than the median level, but were not jointly significant. Registered nurse
staffing was not associated with MDRO infection probability.

In the sensitivity analyses, describing the characteristics associated with MDRO on the current
assessment (rather than from the previous assessment) removed bivariate associations between MDRO
infection and a number of characteristics including needing support with activities of daily living (see
Appendix R). However, the above results were robust when the sample was altered by changing the

definition of long-stay residents (see Appendix V). When admissions assessments were excluded, results
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were also robust except having a surgical wound(s), which became a stronger predictor of MDRO
infection (see Appendix W). When residents with a current MDRO infection were excluded, antibiotics
received, diabetes diagnosis, history of MDRO positive assessment and some indwelling devices
(indwelling catheter, intermittent catheter, intravenous medications and tracheostomy) did not increase
the probability of infection as much. Needing support with locomotion was no longer a predictor. However,
some wounds increased probability of MDRO infection even more, including: diabetic foot ulcer,
peripheral vascular ulcer, surgical wound, and other open lesions (see Appendix X). Using state and CMS
region fixed effects did not alter these results except if the NH received an infection control-related
citation in the last year (see Appendix Y and Appendix Z respectively).

Discussion

This study represents the most comprehensive assessment of MDRO infection predictors to date
among the vulnerable population residing in NHs. It confirms concepts previously associated with MDRO
or antibiotic resistant infection in smaller studies, such as positive correlations between MDRO infection
and antibiotic use,!?5 168 diabetes, dialysis,6 136 and a previous MDRO-positive assessment.113: 139
However, it also includes each of these variables in one model while adjusting for numerous clinical,
facility, location and demographic characteristics, giving estimates of their independent affects.

This analysis has direct implications for clinical practice. Having an infected roommate or prior
room occupant increases transmission risk.*® Therefore, where private rooms are unavailable, MDRO-
infection residents should not share a room with other resident(s) at increased risk for MDRO. In
particular, they should not share a room with those who have an MDRO infection history, indwelling
catheter, intermittent catheter, intravenous medication, ostomy, or tracheostomy, pressure ulcer, venous-
arterial ulcer, diabetic foot ulcer, surgical wounds or other open lesions. Further, MDRO-infected residents
should not share a room with those on dialysis, used antibiotics in the past 7 days, need support with
locomotion, or have a diabetes diagnosis.

The results regarding hygiene activities of daily living, wandering and dementia diagnoses were
surprising, and may be encouraging with regards to current practices. These characteristics may
represent impairment of a residents’ ability to follow recommended infection control and prevention

practices, such as hand hygiene. Wandering and dementia may further represent the degree and type of
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contact within this shared environment. Indeed, advanced dementia has been associated with MRSA
colonization,®” respiratory infections2® and scabies cases® in previous studies. However, not only was
needing support with hygiene activities of daily living or wandering in the past 7 days not a significant
predictor in this analysis, a diagnosis of Alzheimer’s or non-Alzheimer’s dementia was associated with
lower probability of MDRO infection. Current clinical guidelines advise NH staff to consider a resident’s
hygiene and self-care abilities for infection prevention activities.® The relationships of the aforementioned
clinical characteristics and MDRO infection may indicate that NH staff are tailoring practice as
recommended® to protect the more vulnerable NH residents from MDRO infection.

The associations between nurse staffing and MDRO infection probability was surprising and has
implications for future research. In previous studies, certified nurse aide staffing was associated with NH
care quality in general,?® and MRSA risk among NH residents in particular.®” Further, negative
associations between NH infections and staffing were described, i.e., certified nurse aide staffing was
directly associated whereas licensed practical nurse staffing was inversely associated.18% As that analysis
and this one adjusted for registered nurse staffing, it is possible that the NH facilities with low licensed
practical nurse staffing have higher rates of registered nurse staffing and the higher skill level of the
registered nurses may result in lower MDRO rates. On the other hand, lower staffing may be a proxy for
another system characteristic that affects MDRO rates (e.g., staffing turnover or MDRO prevalence in the
county). Future research is needed to clarify if nurses staffing is associated with MDRO and overall
infection rates in NHs.

The rate of assessments with MDRO infection in this sample is low (0.68%) as it represents
active MDRO infections within the 7-day look back period assessment collected roughly every 3 months.
Therefore, these data do not offer a prevalence estimation. Of note, the proportion of MDRO positive
assessments was different among the sample with a prior assessment from which to examine potential
predictors (0.68% vs. 0.73%). While studies examining MDRO prevalence in NHs are frequently limited to
a single facility, a study using the previous version of MDS (2.0) estimated that 1.27% of assessments
indicated an antibiotic-resistant infection. This study included data from only 5 states and may have
otherwise differed in sample criteria.13¢ Therefore this study represents a more recent and nationally

representative examination of MDRO infection in the MDS.
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Strengths and Limitations

A strength of this study was the use of a large representative dataset that allowed for a detailed
assessment of client and system characteristics as potential predictors of MDRO infection. A limitation of
this analysis is that MDS and CASPER datasets do not include MDRO colonization, which may affect
MDRO infection rates. Another limitation of the MDS is that assessments offer a snapshot of resident
health with look-back periods that vary by item (7-30 days).3! Limited assessment look-back periods limit
potential accuracy of MDRO incidence determined through these data. Moreover, these data are
retrospective and subject to self-reporting biases given that NH administrators compile and submit most
collected data. However, MDS assessments are subject to CMS audit and NH staff receive deficiency
citations and penalties for inaccurate reporting. Furthermore, CMS’s reimbursement structure provides
financial incentive for NHs to report as many infections as can be justified on these audits.1”

In addition to use of large national data and numerous predictors, a strength of this analysis was
the robustness checks. Pull potential predictors from the current rather than previous assessment
removed a number of significant bivariate associations between MDRO infection and characteristics that
may coincide with rather than predict MDRO infection (e.g., needing support with activities of daily living).
Therefore, we can be confident that the outcome definition eliminates some associations that are not truly
predictive. Similarly, when residents were excluded who had an MDRO infection on the previous
assessment (i.e., the assessment from which clinical characteristics were examined), activities of daily
living, receiving antibiotics and having a history of MDRO had weaker or no relationships with MDRO
infection on the current assessment. This is not surprising as these factors likely change as a result of
MDRO infection. Wounds and gender were also associated with greater increases in risk, which may
represent intrinsic susceptibility to infection. When admissions assessments were excluded, it was not
surprising that having a history of MDRO or a surgical wound were stronger predictors of MDRO infection.
History of MDRO would be a stronger indicator of resident susceptibility to MDRO infection when the
resident had not been recently exposed to a new environment and thereby new pathogens. Most surgical
wounds would have healed by the time of a quarterly or annual assessment except those that are
complicated (i.e., due to infection). Therefore, we are confident that these findings accurately represent

predictors of MDRO infection among NH residents.
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Conclusions

This analysis of a large, national dataset confirms many of the existing predictors regarding
MDRO infection among NH residents and added new information about specific client and system
characteristics. These results suggest that NH staff may be effectively tailoring practice to infection control
and prevention needs of residents without self-care abilities (e.g., due to dementia). These findings may
assist NH providers to further tailored infection prevention and control to the resident population in their
NH facility. Future research regarding the relative roles of registered nurses, licensed practical nursed
and certified nurse aide staffing in preventing infection may be useful to determine an optimal staffing

level to reduce MDRO rates.
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Table 6.1 Characteristics of resident assessments from random 10% sample of facilities.

P-values generated using simple logistic regression with resident-level clustered robust standard errors (significance level .05)

All Assessments

MDRO Infection On Next

No MDRO Infection On

Assessment Next Assessment
(N=1,084,347) (n= 6,397) (n=935,655)
Resident Demographics Mean SD Mean SD Mean SD P
Age in years 83.56 8.57 81.59 8.67 83.46 8.55 132
N % N % N % P
Female gender 788,084 72.68 4,123 64.45 683,181 73.02 <.001
Race
American Indian or Alaskan Native 4,538 0.42 31 0.48 3,882 0.41 <.001
Asian 13,603 1.25 41 0.64 11,731 1.25 <.001
Black 119,049 10.98 530 8.29 103,542 11.07 .642
Hispanic 53,466 4,93 328 5.13 46,209 4.94 .819
Native Hawaiian/ Pacific Islander 2,631 0.24 17 0.27 2,251 0.24 .682
White 875,911 80.78 5,350 83.63 754,684 80.66 534
Clinical Characteristic Mean SD Mean SD Mean SD P
Activities of daily living support long-
form score (0-28)2 16.88 7.17 18.83 6.10 16.69 7.20 576
N % N % N % P
Admissions assessment 77416 7.14 799 12.49 76610 8.19 .028
Antibiotic exposure 61502 12.74 847 31.50 48683 12.78 .537
Dementia diagnosis 677686 62.52 3164 49.50 582146 62.24 .002
Diabetes Mellitus diagnosis 346857 32.00 2837 44.36 297655 31.82 .183
Dialysis received in facility 12419 1.15 208 3.26 10112 1.09 <.001
History of MDRO infection 7742 0.71 2080 32.56 4133 0.44 <.001
Indwelling catheter 94676 8.73 1875 29.31 79259 8.47 <.001
Understood 583391 53.80 3759 58.76 509248 54.43 .547
Wandering in past 7 days 74475 6.88 201 3.15 65607 7.02 .387
Wounds 108630 10.02 1937 30.28 89465 9.56 .001
Other Predictors
Quarter of assessment (time trend) -- -- -- -- -- -- .225
Month of assessment (seasonality) -- -- -- -- -- -- .581

Note: Represents 142,200 unique residents in 1,407 facilities. 2Self performance on all activities is zero on the activities of daily living support long-
form score and higher score indicates more support is needed. MDRO = multidrug resistant organism; SD = standard deviation; CMS = Centers

for Medicare and Medicaid Services.
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Table 6.2 Facility inspection descriptive statistics with comparison between facilities with and without reported MDRO infection in the
past year.

All Facility Inspections NHs with MDRO Infection NHs without MDRO
in Calendar Year Infection in Calendar Year
(N = 5,293) (n = 2,080) (n =3,212)

Facility Characteristics Mean sSD Mean sSD Mean SD P
Facility size (number of beds) 108.23 49.72 121.88 53.07 99.39 45.30 <.001
Occupancy rate? 81.83 15.08 84.12 12.93 80.35 16.16 <.001
Staffingbc

Registered nurses 0.65 0.30 0.68 0.28 0.64 0.31 <.001

Licensed practical nurses 0.79 0.31 0.80 0.29 0.79 0.32 .299

Certified nurse aides 2.39 0.64 2.38 0.60 2.40 0.67 149

N % N % N % P

Chain membership 3047 57.57 1265 60.82 1781 55.45 .812
Citation on last inspection:

Infection Control 1948 36.80 767 36.88 1180 36.74 .029

Care quality 3565 67.35 1410 67.79 2154 67.06 .856
Ownership status

For profit 3936 74.36 1552 74.62 2383 74.19 .982

Government 210 3.97 83 3.99 127 3.95 <.001

Not for-profit 1147 21.67 445 21.39 702 21.86 779

ILe(\)/ZEtlon Characteristics (county- Mean sD Mean sD Mean sD p
Elderly (65+ years) per <.001
square mileP 78.42 97.14 88.04 100.75 72.20 94.23
Market Competition¢ 2,200 2,714 2,004 2,495 2,327 2,840 .002
Median household income $51,802 $12,790 $53,075 $13,104 $50,976 $12,518 <.001

Note: Represents 1,407 unique facilities. MDRO = multidrug resistant organism; P-values calculated by simple logistic regressions with robust
standard errors (facility-level clustering), significance level .05; 2Capped at 1 (100% occupancy); PHighest 1% of values excluded as outliers; cFull
time equivalent hour per resident per day; YHerfindahl index calculated as 0-10,000, with 10,000 indicating complete market share of beds in the
county and lower number indicate a more competitive market.



Table 6.3 Predictors of multidrug-resistant organism infection in nursing homes

The regression included 1,404 unique facilities and 931,569 observations.

MDRO % Change in

Predictor (recorded on previous assessment) Probability orobability

Clinical Characteristics
Activities of daily living: Locomotion?

Support needed/activity did not occur 0.70% 9.38% .02
Admissions assessment 0.53% -23.08% .03
Antibiotics Received (in past 7 days or since

admission/entry or reentry) 1.13% 73.32% <.001
Dementia diagnosis, Alzheimer’s 0.62% -11.49% <.001
Dementia diagnosis, not Alzheimer’s 0.66% -7.09% .01
Diabetes Mellitus diagnosis 0.88% 51.34% <.001
Dialysis received in facility 1.19% 77.12% <.001
History of MDRO-positive MDS assessment (before

current assessment) 31.42% 6502.17% <.001
Indwelling Devices

Indwelling catheter 1.68% 165.55% <.001
Intermittent catheter 1.69% 149.16% <.001
Intravenous medication 2.81% 326.86% <.001
Ostomy 1.07% 59.36% <.001
Tracheostomy 2.10% 210.22% <.001
Wounds

Burn (of skin) 0.44% -35.29% A7
Diabetic foot ulcer 2.17% 222.30% <.001
Non-diabetic open lesion on foot 0.96% 41.28% .01
Pressure ulcer 1.40% 118.70% <.001
Surgical wound 1.63% 146.39% <.001
Venous-Arterial Ulcer 1.82% 174.62% <.001
Open lesions other than ulcers, rashes and cuts 1.17% 74.40% <.001

Facility Characteristics
Staffing: Licensed practical nurse®<d (ref: 0.61-0.82)

0.00-0.20 0.54% -52.53% .01
0.21-0.41 0.55% -51.66% .01
0.41-0.61 0.52% -54.29% .01
0.82-1.02 0.48% -57.79% <.001
1.02-1.23 0.50% -56.04% <.001
1.23-1.43 0.51% -55.16% <.001
1.44-1.64 0.42% -63.04% <.001
1.65-1.84 0.42% -63.04% <.001
1.85-2.05 0.31% -72.67% .01
Top 1% of LPN Staffing 0.86% 26.50% 37

Staffing: Certified nurse aide® ¢
(ref: 1.96-2.45)

0.00-0.48 0.91% 891.04% .02
0.5-0.96 0.96% 945.37% .01
0.99-1.47 0.80% 771.51% .04
1.47-1.96 1.03% 1021.43% .01
2.45-2.94 1.00% 988.83% .01
2.95-3.43 1.20% 1206.16% <.001
3.44-3.93 0.95% 934.50% .04
3.93-4.41 0.85% 825.84% .04
4.42-4.91 0.30% 228.19% v
Top 1% of CNA staffing 0.55% -19.10% A7
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MDRO % Change in

Predictor (recorded on previous assessment) Probability probability P
Interaction terms
Age and Diabetes Diagnosis 0.67% -8.18% <.001
Admissions Assessment and Income 1.49% 125.51% <.001
Admissions Assessment and Elderly per Square Mile 0.46% -32.17% .08

Note: Output of linear probability model with facility fixed effects, C-statistic: .78. All categories of
continuous variables are comprehensive within the final sample. 2Activities of daily living reference
categories are “independent”/”supervision needed”; ® Continuous variables are standardized and divided
into 10 categories by value, with highest as the reference; ‘Measured in full-time equivalent hours per
resident per day; YHighest 1% of values excluded as outliers; eStandardized and divided into 5 categories
by value, with highest as the reference.
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Chapter 7: Synthesis
This final chapter synthesizes the results of studies presented in the preceding chapters of this
dissertation. It discusses the implications of these results and makes recommendations for new health
policy, clinical practice and future research. Finally, it reviews the strengths and limitations of this body of

work.
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Discussion

This dissertation represents the most comprehensive study of either multidrug-resistant organism
(MDRO) infection predictors or isolation precautions use conducted in nursing homes (NHs) to date. To
the author’s knowledge, it is also the first to examine isolation precautions use in the Minimum Data Set
(MDS) 3.0 data. A summary of each study’s results is presented in Table 7.1.

The systematic review regarding isolation precautions effectiveness presented in this dissertation
is aligned with literature published after this review was completed. Two systematic reviews regarding the
effectiveness of contact isolation precautions for MDRO in acute care were published within months of
this review’s publication. One focused on Methicillin-resistant Staphylococcus aureus (MRSA) and
vancomycin-resistant enterococcus (VRE) concluded that no strong evidence exists to support or reject
use of this practice.1® The other, which examined MRSA transmission and infection, concluded that
contact precautions may be effective to reduce transmission in scenarios of epidemics and high
compliance, but this practice had no affect on infection rates.®! Additionally, a randomized control trial that
would have been included in the review presented here had it been published at the time of the search
indicated that contact isolation precautions were associated with less MRSA transmission but had no
effect on VRE transmission. As such, these recent publications confirm there is mixed evidence for
isolation precautions use for MDRO infection, as reported here.

While some new evidence is available regarding the cost of infection control activities in long-term
care facilities, evidence needed for decision-making is still lacking.8® A new brief report listed the
additional cost of contact isolation precautions (including staff productivity and supplies) for MRSA
colonization at $6,000 per isolated NH resident annually.?° This report does not detail how cost
estimations were derived, nor does it provide any information on the cost of alternative practices to
prevent MRSA transmission in this facility. As such, it is in alignment with the findings of the systematic

review that this body of literature can be improved.
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Table 7.1 Summary of individual dissertation study findings

Aim | Chapter Objective Methods Results Summary
1 2 To characterize the effectiveness of Systematic Six included studies examined four different MDRO outcomes
contact isolation precautions alone Review Five of six studies demonstrated no difference between isolation
against transmission of any MDRO precautions and the control
among adult acute care patients Poor quality of evidence on this topic continues to limit
from interventional studies in which interpretation of these data
contact precautions are not bundled Existing data did not constitute evidence for or against contact
with other interventions precautions
1 3 To identify and evaluate cost Systematic Nine studies included represent diversity of study designs,
estimates reported in the scientific Review health outcomes and cost measures
literature of structure and processes No meta-analysis or comparison of relative costs possible
intended to prevent infection among Publications of low to moderate quality given lack of information
residents and staff of LTCFs regarding study methods, perhaps indicating low transparency
rather than methodology sophistication
Insufficient evidence regarding infection prevention costs in
long-term care to influence isolation precautions use in NHs
2 4 To qualitatively explore decision- Qualitative Decision-making process to use isolation-based practices was
making of NH staff regarding Directed complex and varied between NH
isolation-based infection prevention Content Differences in decisions due in part to available resources and
and control practices in this setting Analysis staff perceptions of how to maximize resident quality of life
Quiality of life perceived as in conflict with isolation precautions
Isolation use influenced by staff perceptions and understanding
regarding containment (i.e., transmission risk)
Most practices were aligned with clinical guidelines to make
decisions on a case by case basis
Variability in these data highlight the lack of evidence in this
setting to tailor isolation decisions
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Aim | Chapter Objective Methods Results Summary
2 5 To quantify resident and facility Multivariable Isolation precautions not commonly used for MDRO (12.8%)

characteristics that predict isolation | linear probability The majority of NHs with MDRO infections do not use isolation

precaution use among MDRO- model with for MDRO at all (~70%)

infected residents of U.S. NHs using facility fixed Positive clinical predictor: locomotion support, eating support,

a national dataset effects indwelling catheter and admissions assessment, residing in a
NH that received infection control-related citation(s) in past year
Negative clinical predictors: history of MDRO, bed mobility
support, wandering and residing in NH that received quality of
care citation(s) in past year
Results may indicate NH staff prioritization of resident quality of
life and autonomy and scarcity of resources
Unexpected associations were RN, CNA and LPN nurse staffing
These variables may be proxies for resource availability or other
NH characteristic(s) not captured in these data

3 6 To determine the predictors of Multivariable 0.68% of assessments recorded active MDRO infection

MDRO infection, including individual | linear probability Positive predictors: history of MDRO, antibiotics, locomotion

resident and system characteristics, model with support, wound(s), indwelling device(s), diabetes and LPN

in a nationally representative sample facility fixed staffing in NH

of U.S. NH residents effects Negative predictors: dementia diagnosis and admissions
assessment, CNA staffing in NH
Predictors confirm associations from smaller studies and may
indicate that prevention activities are tailored to the individual
residents’ needs

Note: MDRO = multidrug resistant organism; LTCFs = long-term care facilities; NHs = nursing homes; U.S. = United States; RN = Registered
nurse; LPN = licensed practical nurse; CNA = certified nurse aide.




With the lack of effectiveness and cost data available with which to make isolation decisions, it
was not surprising that variation exists in use of isolation precautions and other isolation-based infection
prevention and control techniques in NHs. That being said, the extent to which isolation decisions by NH
staff interviewees were influenced by perception, and occasionally misunderstanding, was concerning.
Further, quantitative analysis confirmed that variation exists in isolation precaution use with approximately
70% of NHs with at least one MDRO infection did not use isolation precautions for MDRO at all for MDRO
in the past year. While we cannot determine from these data if practice was inappropriate, the infrequent
use of isolation for MDRO infection (12.8%), perception-based decision-making and inconsistent practice
call into question the quality of care for all NH residents.

Nevertheless, results of these qualitative and quantitative studies suggest that NH staff adapt
infection prevention and control practice of individual residents and NHs in three ways. First, NH staff
appear to be emphasizing quality of life for NH residents in clinical practice. Second, practice may be
influenced by availability of NH resources. Third, it appears that they are tailoring practice to individual
residents’ needs.

Quality of Life Prioritization

NH staff’s prioritization of resident autonomy and quality of life was a strong theme in this work. In
the qualitative interviews with NH staff, it was a prevailing theme for infection control and care decisions,
which is consistent with previous studies.®% 111 In the quantitative analysis, there was less isolation use
among residents who needed support with eating or locomotion activities of daily living, or have had a
prior MDRO infection. This pattern of use would be expected if NH staff wanted to promote resident
autonomy and avoid repeated confinement, respectively. Such actions may preserve functionality,
psychosocial health and thereby resident quality of life. Further, it has been suggested that long-term care
residents with dementia perceive quality of life differently and may respond more negatively to isolation.2
In this analysis, having dementia also affected isolation precaution use. Moreover, wandering in the past
7 days was negatively associated with isolation precautions. This may also indicate that NH staff were
avoiding isolation precautions use to preserve quality of life for those they perceived would be most
negatively affected by this practice. If so, these practice would be aligned with the recommendations of

the American Medical Directors Association.®
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Resource Constraints

NH resources may be an important consideration for isolation precautions use. NH staff were
clear in the qualitative interviews that the availability of private rooms, among other resources, influenced
isolation use. This was not unexpected as a previous survey of NH staff revealed that 42.2% of facilities
that do not accept MRSA-colonized residents cannot do so because they lack private isolation room(s).%°
Resources such as staff productivity and supplies are also an important consideration for NH infection
control practice.”® 176 Moreover, the inverse relationships in this quantitative analysis between isolation
precautions use and needing bed mobility support, wandering, and independent eating may also be
explained by a desire to limit resource consumption. Residents with these characteristics likely require
more frequent visits into the isolation room by staff and more disposable materials (e.g., plates, cutlery)
needed for isolation precautions. Therefore, these data indicate that isolation precautions use may be
influenced by the availability of NH resources.

Individualization of Infection Prevention

Infection prevention and control practices, especially isolation precautions, appear to be tailored
to the needs of individual residents. Not only did NH staff recognize this as a goal in the qualitative
analysis, the quantitative analyses indicate that residents who exhibit poor hygiene abilities, wandering
and dementia were treated differently than other residents. As these clinical characteristics may affect
transmission risk through self-care abilities and increased contact with the environment, the clinical
guidelines recommend that NH staff consider transmission potential of the individual resident when
implementing infection control and prevention practices. However, hygiene self-care abilities were not
associated with MDRO infection, nor was wandering behavior. Dementia was inversely associated with
MDRO infection. An explanation for this pattern could be that NH staff were giving enhanced attention to
preventing transmission among residents with poor self-care practices and understanding of transmission
risk, as is recommended.®

Clinical Practice Implications

This body of work has implications for on-going clinical practice in NHs. First, existing data should
not be used as rationale to remove isolation precautions in the absence of further, more rigorous study.
However, the MDRO infection predictors reported here, which are more specific than have previously

been examined, may guide isolation precautions use. For example, in addition to confirming positive
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association between MDRO infection and indwelling devices!8: 136 and wounds,198: 168 this dissertation
identified that some of the strongest clinical predictors of MDRO infection were specifically having an
indwelling catheter, having pressure ulcer(s), receiving intravenous medication, having a surgical wound
or a venous-arterial ulcer. Prior research primarily focused only on decubitus ulcers and wound
management?> 97137 rather than all wound types recorded in the MDS, excepting burns. Furthermore,
while indwelling catheters have previously been identified as a risk for MDRO or antibiotic resistant
infection in this population,?%: 97: 136: 137 MDRO risk due to intermittent catheters has rarely been explored
and was identified here as a predictor of MDRO infection. The positive association between MDRO and
physical functionality was also consistent with previous literature.98: 136: 137 However, because a number
of activities of daily living were included rather than a score or summation of these factors, this study
provides specific information that “support with locomotion”, but not other activities of daily living, predicts
MDRO infection. The level of detail presented here may help direct decision-making around isolation
precautions use in practice to avoid placing susceptible residents in close contact with MDRO-infected
residents.

NH providers and administrators may wish to seek additional training in infection control. The
gualitative interviews revealed misunderstandings of infection control and prevention concepts and
terminology among many NH staff types, including administrators. While many of the statements made by
interviewees may not necessarily represent poor practice, it is difficult to imagine high compliance and
care improvement is possible if NH staff do not use terminology consistently with the clinical guidelines or
with one another. The infrequent and inconsistent use of isolation precautions described here may also
be the result of poor infection prevention and control training of NH staff. Regardless, training may benefit
NH facilities as NHs in states with infection control and prevention training for long-term care settings
have reduced infection control-related citations.>°

Public Policy Implications

These data indicate that Centers for Medicare and Medicaid Services (CMS) inspections have an
effect on NH practice, but raise concerns that NHs may not be able to simultaneously meet all
requirements with existing resources. NH staff interviewed for this study were concerned about the
financial implications of facility inspections (i.e., fines for deficiency citations). This dissertation’s

quantitative work confirmed isolation precaution use, a financially costly practice,?® was more likely
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following an inspection infection control-related citation. However, it also appears that receiving a quality
of care citation in the past year decreases the use of isolation precautions. This may indicate that NHs
staff were devoted additional resources to infection control and prevention practices when needed, but
efforts were diverted to competing inspection priorities when needed. If this is the case, health policy
devoting increased resources for infection prevention and control practices may be necessary to reduce
MDRO in this setting without sacrificing quality of care in other areas.

The misinformation and inconsistent terminology stated by NH staff in the qualitative portion of
this work supports potential change in policy to encourage or provide such training. Misunderstanding of
appropriate isolation precautions use may explain the increased use of these practices following an
inspection infection control-related citation. NH staff would need to review recommended infection
prevention and control practices should they hope to avoid future citations, which may improve staff
knowledge. If a lack of understanding of infection prevention and control practices or lack of familiarity
with clinical guidelines is influencing practice, health policy to increase training and/or continued
education may be useful.

However, staff training, NH inspections and resource allocation should be informed by evidence.
These activities may be an inefficient use of facility, state and/or federal resources as well as NH staff
time if isolation precautions are not effective. New effectiveness evidence is needed to inform practice,
particularly regarding the relative effectiveness of various infection prevention and control practices.
Therefore training should be a lower priority than generating the comparative and cost-effectiveness
evidence needed to support decision-making in this setting.

Future Research

This body of work has identified a number of topics on which new evidence is needed to inform
infection prevention and control practice in NHs: transmission risk from contained infections and MDRO
colonization, efficacy of isolation precautions, and comparative effectiveness of isolation-based
techniques. Although work presented here provides the most specific MDRO transmission risk factors
among NH residents to date, NH staff should also be informed as to the transmission risk from residents
with what might considered to be contained infections (i.e., under clothing or personal protective
equipment, inside indwelling devices) as well as more evidence about risk from residents colonized with

MDROs besides MRSA in this setting. Evidence may be improved through power calculation, compliance
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monitoring, and non-equivalent concurrent controls when designing future studies. Further, integration of
patient-centered outcomes (i.e., patient anxiety) is necessary to ensure the evidence has meaningful
applications to the goals of care in this setting. Should isolation precautions be efficacious in this setting,
then comparative and cost effectiveness research is needed to determine if isolation precautions are the
best option to prevent infections in NHs. Future cost analysis studies may be improved by utilizing a
health economic publication checklist.

Future studies of isolation precautions use and effectiveness in NHs should also consider
prevalence of all infections that may require a private room. The prevalence of non-MDRO infections for
which private rooms are required (e.g., C. difficile) would decrease the availability of private rooms for
MDRO-infected residents. Private room availability and infection outbreaks in particular may be important
variables to include in a future NH isolation precautions effectiveness study.

New evidence regarding NH nurse staffing levels is also needed as the relationships between
MDRO infection as well as isolation precautions and some nurse staffing variables were unexpected.
Based on these results, nurse staffing may be a proxy for other facility-level factor(s) that influence the
MDRO infection rate and isolation precautions use. In particular, an intervention to increase CNA staffing
to test affect on MDRO rates may be useful to inform new policy.

The only conflicting data between the studies that comprise this dissertation are around use of
isolation precautions among residents with indwelling catheters. Interviewees in the qualitative study
indicated that those with infections contained within an indwelling catheter (or otherwise contained) did
not necessarily need isolation and were less likely to be isolated. While these perceptions were in
alignment with clinical guidelines for long-term care,® the quantitative analysis of isolation precaution
predictors identified that MDRO-infected residents with indwelling catheters were more likely to be
isolated after adjusting for other characteristics. While MDS data does not indicate the site of the MDRO
infection and the residents with MDRO infection and an indwelling catheter do not necessarily have
MDRO infection within the catheter, this does not explain why residents with indwelling catheters would
be more likely to be placed on isolation precautions. It is possible that indwelling catheters are a proxy for
another client or system characteristics that were not captured in this analysis. All other findings appear to

be consistent within this body of work.
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Strengths and Limitations

Strengths of this dissertation include the multiple methods used to provide in-depth description of
MDRO infection risk and isolation precautions use. The comprehensiveness of these quantitative studies
in particular and large, national data adds new information to the scientific literature on these topics.
Nonetheless, this body of work has limitations. This dissertation does not address scientific literature
published in languages other than English or grey literature. The qualitative and quantitative studies are
secondary data analyses, and therefore are limited by the transcripts and items that had previously been
collected. None of the analyses account for the prevalence of other organisms for which isolation would
be indicated or outbreaks in the NHs from which data were collected. Conclusions from the quantitative
studies are further limited by study design and the nature of these data.

Conclusion

This dissertation provides new, specific evidence regarding MDRO infection risk, which can assist
NH staff to tailor practice to the needs of individual NHs residents. Moreover, it demonstrates that while
isolation precautions may be used in alignment with current clinical guidelines for this setting, isolation is
used only occasionally and use is inconsistent between NHs. New comparative and cost effectiveness
evidence regarding isolation-based practice specific to NHs is needed to further reduce practice

inconsistency as well as costly and dangerous infections among this vulnerable population.
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H. |Exting - heow nasidant aats and drinks, regardiess of sidl. Do not inchado satingdrinking
during madication pass. includes Intake of nourshment by othar means 5.9, wba feding,
hﬂprmmﬂmh'm sfminkiorsd for nuirSon o edration)

[ O, nof
mmﬂmum changes pad; manages ostomy of Catheter; and adusts
ciofhis. Dioniot Incuds: amplying of bedpan, uingl, bedsids oommods, crthalor bag or
oSy bag

L Porsonal yglans - how resident maintins personal rgiens, Induding combing Halr,
beushing feath, shaving, sppiving makeur, WasInNg/anAng face and hands mededes boths
and showsrs)

O O0O000000dd
O OO 0O 0O0O00OC
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Renicierd

=TT B Functional Status

GO0120. Bathing

| Sapamdant in saF-periomancs an: supcart

o reshsont ke hallbody borthchown, soongo bath, and tRndors infout of tub'showor eeciudes washing of back and halr). Codio for mo

e e | -

|:| {L Indaperdant - no el provices

3. Persical haiip in part of bathing activity
&, Total

7-ay paricd

E Actiwity Hself did not ocour or family andfor non-fadity staif provided cana 100% of the Time for Shat sty ower th enting

o ==

[Eshing suppert Codes are 25 dained In Ram G110 column 2, ADL Sepport Provided, abows)

G030 Balancs During Transitions and Walking

Efer obsaning tha reldant, code the following walking and transition Hems for mo s depandant

_t_ Ervtor Codas In Bowms

0. Staady a1 3l mas
1. Mol fEeady, but 3bis to Sabilire withowt stail
ardsancE

1 Mot=sady, only 3bls o Sabiiog with
ardsancE

8. Aothwity did mot sooer

H NI

. Moving from ssated bo standing position

B. 'Walking refT ambitve davica I ussd)

C Turming around 3nd fadng the opposhs dreclon whilk walking

O. Mewing om and off bollet

E Swrfacs-to-varface tramnsder itransler batwsen Dedl and chalr or

whagichain

G040, Functional Limitation in Eangae of Motion

Dol for Wmitabon Taf inbarend with dally funciions o pleoed residant ot riskof Injone

| Entor Couzin Boms

0. Mo
" Impairment onons skde

7 impairmant on Bt sdas

[]
[l

A Uppor axtremity jshoulkdon, sloow, wiist, hand)

B. Lowsaraxiremity thip, knos, anicie, foot)

G0600. Mobil ity Dovicas

|| Checkall that wars sormally used

O

A Cane'orutch

L Whealkalr fmanual of slectri)

0. Limb prosthasis

L Kona of tha above wera Lzad

gonky f ADZI0A = 07

[]
[
O
L]
0. Functional BEshabilitation Fotsrtial
Complot
e

-

7. Unabva o Setwrming

Code (A Fmsidant ballavas ha or sha Is Capabile ofincruase insSapendamos In at ot soma ADLs

0. Mo
I Tas

it st |B. DAMRCT Care Stai ballava restoent ks Capabie of Inrsased Indepandenca n a1 kast s0msa ADLS

D5 3.0 Nursing Homss Comprehensive (O] Warsion 1. 104 Effecthe D4'01/2012 Papa 16 of 40

136




Rencrni
=TT I 6adder and Bowel

HO100. Appliancas

|| Oheckan matappiy

A Indwalling cathetar (including sUpraphic Cathter and NephrastDmy fse)
E_ Extamal cthatar

L Ostowy (irchuding urEt oy, Iasiody, and ool nmy
. Iedermitised catheterizmtion
L Nana of tha above

Urinary Tollsting Program

A, Hag 3 firial of 3 tolleting program je.g., sdsaduled tollating. prompded volding, of biaddar tralning | bean aBempts: o
admissionsentry or reantny or snca urinary Incontinencs wes noted in this fadlibyT

0. No== Skp o HI300, Urnary Condnence

1. Tas =4 Continus o HIZDE, Respones:

B Unakes b dotarmisg — Sip io HI00C, Curment toileting program or izl
E. Recponss- What was tha raldants raponsa o tha il programi

0L N IOy M

1. Dsarraccsed weness

L Complotely dry coninent)

2 Usaibila to determing or trial In prog reas

T Current tolleting program or irial - 15 2 iolieting program ja.q., schaculed toileting, prompied volding, or biadder training ) cursntty
baing wd o manage the esident's urnary continencosd

0 N
1. Yex

HO2M. Urinary Comtinenog

b et | 'UNINGETY COMEINRNCE - Select tha one cabegory that best describes the resident
0. Alwsres o neami
|:| 1. ‘Docasionally Incontinent [kas than 7 eplscdes of Inconanencs;
I Frsguantly ncotingst (7 o mors epiodas of uinany Inoonbnssnca, bt at et one apisoede of continent voiding)
3. Alwerys Incominant no opiodss of comanaent volding
9 Mol ratad, rekiont had 3 cathaler indwalling, condom), urinary osiomy, of nic wrina output for tha entire T dars

HO400. Bowal Continenco

b e | (0ol comingnGE - Selact tha ona cabegorny that best describas the resident
|:| 0. Alwsres coevi neami
1. Docasonally Incomtinent |ona spioda of bowel Incomtinane)
I Frequanily ncomtinest (3 or mom apodas of bowsl Incontinencs, bt ot kas? ong conanent Dowsl movsment)
3. Always Incontinent im0 epiodes of condnent bowel mossEmsnis)
. Mot rabad, reskiont fad an odomy ordid not hava & bowed movemant for the enting T days

HO50. Bowal Tolleting Frogram
iniee e | B 3 bollading program ourrently baisg wed b manage the reskdant’s bowal continemca?
o N

DE DE DE EDDDDD

1. Yz
HO&00. Bowal Patioms

i e | 'CONESHpRION prasarmt?
o N
1. Ve

DS 3.0 Nursing Homs: Comprehansiva (80 Version 1.10.4 Effoctiv 040172002 Pags 17 of 40
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Farniceni darridar Dt

=TI # ctive Diagnoses

Activs DHagnoses in the last 7 days - Check all that apply
Diagnoses Is%ad In parenthesss ain prowded 22 axamples and should not be consdensd 25 al-ndushe liss
Cancar

WD Camcor pafth or without metssads)

Heaart i oaliart on

. Amgmia =g aplastic, Iron defickency, pemiciow, and sickds call)

W00, Adrial Fbrillation or Otfsar Dy sriprthmias (e.g., bresyoancias and o)

W00 Coronary Artary Diseass [CAD f&.g., anging, messrdal nfarction, and aheroackrotic Maart dlsas (ASHDY
S0 D Viarvous Thiromiboests (0NT), Pulmanasy Emiboies (PE), or Paimonary Thrembo- Emboism (PTE)
W00 Haart Fallers (a.q., congestive heart falkera (CHF) and pulmoneny sdema)

Wi Hypertansion

WD, CHthsaiis Hy poiensin

Hee. Porripiearal Wasoolsr M sase (P DY of Paripheral Artertal Disacas (PAD)

Gasimdnbastinal

1TID0 Drrheeds:

NI Gastreasophageal Ruflen Disacam (GERD) or Mo g, esophageal, gastric, and popd o skoans)

11300, Nicarative Colitis, Crohn's Diseasa, or iInflammaiory Eowal Disaass

‘Ganfourinay

11404, Bamign Prostatc Hyperpiasta (8PH)

1500, Resal Inssickncy, Renal Fallura, o End-Slage Rensl Disea s [ESRDG

1550, Naurogonic Eladder

&S0 Dbesinsciive Uropaiiy

Infections
1700, Muitidrug-Resistzrt Onganim MORD
[P300. Pricumasic

2100 Saptcomic

32300, Tubarososk

3300, Urinary Tract Indesction (UTT (LAST 30 DAYE)

(2400, Wiral Hepatitis g, Hepatitis & B, OO, and E)

[Z500. Woumsd Indection (other than fool)

Mgiaboilc

(1900, Disbeies Mailibes (OM) (.0, clabetic ntinopathy, nephiopsdy, snd neurmpsdy)

13000 Hyponairoemia

13200, Hypericlemiz

13304, Hrperlipbdamia e.g. Fyperchokstarnlemia

13400, Tieroid DNsswder &g, hypativnidim, irperthymokiism, and Hashimolo's thymoidis)

Mamcuieerksdatal

13700 Arthriils 5.3, dogenoraiie joint dheasa (DD, tetwosrtheits, snd rheumatoid arhitls Jag)

13300 0= eopaneds

13000, Hip Fractes - sny hip tadure that has & relabonship o oement sShe, teatmsns, monfoning @9, seb-cpialtecuses, and
fractures of the trnchanior and femoral nesck)

0. Othar Fractura

WLy b |

200 Alxhoimar's Dissass

W30 Aphasa

A0, Cerniral Palsy

S0 Cersbervasoalar Aocidant (CVA), Transkent kcemic Aok (TIA), or Sroks

00, Nom-Aisaimar's Demeniia eg. Lawy body demeniis, vasoular or mukHnfam dementia; mbced demantiy; roniotemporsl dementa
such s Pides dhoass; and domentia raizfed tn simks, Parkinson’s or Creutrialdt- kol disa e

Maursdogimal Dlagnoses continwad on st page
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P i e

E= YR A ctive Diagnoses

Active Diagnoses Inthe last 7 days - Check all that apply

Diagnoses Isted In parsnthasss are provided 5 axamples and should not be oonsidend 25 al-ndusive s

Haurgiegical - Comtinued

. Hamipdagia or Hamiparasi
1500, Parsplegla

IE100. Chadriplagia

15300, Muitipio Sdarosis (M5
15250, Homtimsgton's DEmass
15300, Parkinson's Divaass

15350, Towretie's Syndnoma
IE400. Satzurs Disorder of Eplleapsy
IE500. Trasmarti Brain Injury (TEL

15600, Malmutrition orotein or Sdorky) or strisk for malnuertion

| PrrchiriciEiod Tisorder

I5700. Anxchaty Dibsorder
15300 Daprassion joiher than bipokr

15900, Manic Deprassion japolar dlsaasa)

15950, Psychotic Disoeder (other Bhan schimphrania)

16000, Schirephrants ja.q. schiroaffecTve and schizophienfom diondars)
16100, Post Traumatic Stress Disordar (PTS0)

Plimonary

16200 Asthma, Cheonik Dfstnactive Palmonary Disaees (00POG, or Chronlc Lussg Disease (2.0, cheonic bronchitis and restricties lung

OO 00 000000 0 000000000

7200, Moo of the abowa a0thea dizgnoses within e et T dars

A

Enier dizgniosks an Ins and FOD ood e in boses. Incheds tha decimal fior tha toda In the sppopriae bo.

B

C
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139




Fru=rni dermider
= TS 5w ilowing/Nutritional Status

K010 Swallowing Disorder
Zigns and symptoms of posxibla swallowing disorder

-+ Cemckall ot apply

00000

K. Loeix of liquidds/solids from mouth whan sating or drinking

E. Hodding food in mouth/ichessics o reskdual dood in maouth after maals

€ Coughing or choiing during meals o whan sesliowing medicitons

. Complaintsof difficulty or pain with swallewing

L Rona of the abova

K02 Hialight and Waight - While mezsring, if the numbear ks 11 - 3.4 round doswn; 35 or greater round up

[ L]

moareh

A Haight Jn Inches). Racond most recant haight messws tincn the most recant Jdmisionioniny or reantny

EI:I:' B. 'Walgit in poonds). Basa weight om miost recent masre inlzst 30 dayy, maasure weight consksiently, acoonding to ssandand

taciey practics: (4., Inam Rsrwniding, bofors meal, with shoes of, oic}

K300, Walght Loss

[l

Lo o 5% o masra: In Ehe: kaist marrths or beess od 10°% or meoers in(last & months
0L M o unknown
1. Ve, onphsician-prescribed weight-ies regimen
I Vs, niot om phvsidan-preso e waight-bos regimen

KO310. Walght Gain

[]

{Gadn of 5% oF g In B et monith or gain of 109 or mons in S5 & months
0. INa or unknown
1. Yo, onpitrsician-prescribad welgnt-gain regimen
I Y, niot om physiian-presoiboed waighs-gain regimsn

K0510. Nutritional Approaches
Check al of tha fodowing nutritional poraches Shat Wera performd duing th st 7 dars

1. Whila BOT & Resident

Parformad wehife NOT o reshdont of this Taciity and within S lest 7 days. Dol check oodumin 11 1 T

reesickant enbared (ad misshon or mantryh N THE LAST 7 DAYS. Fresident st antered T or mors days Whils NOT 2 Whila 3

g0, laerve cokamn 1 iank Rasidant Rasidant

I Widla & Raskdent

Parformad whife & residont of this fciihy 3nd within tha fer 7 days L Chec all that appi.|
& Parameal TV fasdng | 1
E Forling fube - nasoqastric or abdoming (PEG) O O
. Mochanically aitored diet - FeqUIre Changs In baxturs of food o Bquids [.0., purded food,

Hhidcened liquids) I:I I:I
. Tharapsautic diat jo.q., low sal, abebic, low cholestenoly |:| |:|
T Nomaof the above | 1

ED7OHL Parcent Intaka by Artificial Routs - Complets KO700 anfy If Column 1 andfor Columin 2 are dheded fior 505104 andfor KOS 108

[

[

K. Proportion of fotal calorices tha reskdant recahved theough parantaral or tubs Teading
1. T5%or biss

I P50
1. EN% of mors

E. Averaga Muid imaks per day By IV o fubs deading
1. 500 ooy oo less

DS 3.0 Hursing Homs: Comprehensiva #C0) Varsion 1,104 Efecthe 04001/2012
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MAD104.. Datormingtion of Prasssre Wcer Rizk

+ 'Tockall that apply

1
1
O
O

&, Rasklant bas 3 staga | of graater, @ o CVer BNy promiBsance, of 3 non-Temavable dread ngidevics

E. Formal axeassmand insrumantios (.., Eradan, Moron, o othad)

L Oimical asseesment

L Rona of tha abova

MA0150. Fizk of Frassurs Ulcars

I this residant at =k of devaioping prassura Ukars?
[
1. Yes

M0210. Unhsaled Frassurs Uloars)

[

Does thils raeshdant Borva ong o mona unhealad pressura wioer|s) 3 Staga 1 or highsar?
0. Mo =3 Sdp to MO0, Hogled Fresung Ui
1. Vs = Continus i MI300, Cument Mumbsr of Uinhiaied pon-apithelialized) Presurs: Uicars at Each Saga

BAD300. Currant Mumbser of Unhsalad (non-cpitholizlized] Pressurs Ulcers ot Each Staga

[

00 ooy

A, Mumitsr of Staga 1 pressung uloers
Staga 1 It shin with non-blanchabia redness of 3 i0Calzed area wsially Over 3 Doy prominance.. Dorkdy pigmonizs Sdn may not
tawe 2 vislbia bianching; in dark sdn tones only [t may apoearwith perssient biue or purpis huss

E. Stage Z: Fartial Hicness lom of darmis presanting as  shallow open whmn with @ fed or pink wound bed, without siough. Mar ako
present 25 an intact or openruphared biiston

1. Fambar of SEaqo T prasses uboars - F0 = Skpto MIBI0C, S5ga s

1. Hembarof thess Stage  pressurg ulcers Bt wars presant upon admi ssions'antry of reaniry - eniar how many wora nod st
#ha tima of admission/entny or rentry

3. Dabs of cidas Sags 3 premune moo - B deshes F dee b e

Mosik = Day ear

C Staaga3: Full thickness thsua loss. Suboutzneous faf may be visibis but bons, tendon or musde is nof exposed. Slough may b=
prasant but d oes niot obsoung tha dapth of thsue ke May incheds endermining and tunnaling

1. Wembarof Staga 3 prassers ukars - F/0 =+ Skip to MIBO0D, Sage 4

1. Rembar of thess Stage 3 pressurs ukcers thart wana peesant upon =3ml sshons'amiry of reandry - eiier how many wera noted st
i time of admissionsantTy o ety

0. Sagad Ful hicknes Tsmm ios with eqoosed bone, endon or musde. Shough of aschar may be prasant on wms parts of Ta
wond bad Dften inchudes undermining and unneing

1. Membarof Stage 4 prassrs ulcars - 0 —s Seip i MISOE, Ursbguabis: Non-mmovabis drasing

2. Wembarof the Staga 4 prassuna ulcers that ward presant Upon simisskoaantry of Peantry - sisr how many wera notd at
Rtz Himsa o st mismionantry of raeniny

MO0 continued om nert page

MADS 3.0 Nursing Homss Comprehansiva (C] Version 1.10.4 Efocth 040172012
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Resiceni
E=ST BN skin Conditions

W03 00, Currant Mumbser of Unhsaled non-cpithlizlized | Pressura Uicars st Each Stags - Contnued

S|
[l
ia]
j5]

[l

E Unsizgaabls - Mon-ramovabls drassimg Enown Dul not stegeable cus o non-emova bl dresingided oo

1. Mumibser of anstagsable pressurs ulcers dus 1o non-remevable drassngidevics - If [ = Skp bo MOSOF, Unstagesie:
Slough andlor aschar

2. Mumber of $hess unstagaat preseers wikwrs that Word prasamt UpSn 3amiss onsntry o resmry - erier how mary wals
rictmd] 3t T Hme of sdmissionsiny or reantne

F. Unstagaabls - Siough andior sschar: Known but not sgssbia dus i covarage of wound bed by sough andfor eschar

1. Mumiber of snsiageabila pressura ulcers dus 10 Covarage of wound bed By skeugh andior eschar - F D—s. Sdp bo MIS00G,
Unssagaabic: Deep T55m

I. Mumber of thesg ursizgashie prosoers wicars that waro prasant upsaa dmiss onfientry O Feartny - @i how mary waie
nioted 3t T Hme of admission/eniry or reantnr

G Unsiagaabis - Deep ticem: Suspacied deap thsua Injury In evwohstion

1. Humbar of wnstageabia pressura ukcers with suspecied deap Hissua injury In avolution - 0 —= Sdp o MOETD, Dimaneson
of Unhaaled Stge 3 or 4 Fressung Uicors of Eschar

2. Mumber of thesa unstagaahis pro s micars thal Wora presant Upsos 20mike on Gntry Or reantry - erier how mary wars
rected 3t T Hme of JdmisHioniontny oF reentry

W06 10, Hmensions of Unhealed Stage 2 or 4 Prassurs Ulcers or Eschar
Complota only If 030001, MO03000N or MO30DF] is graator than 0

If tha reskdant has ong o mona unbealed fnon-apithel Glined) Stage 3 or 4 prasurs woars o anunsSgashic presum uioe duo to skough or esdhar,
Identfy the presus wicer with ths Grges safacs anaa (lengdh 1 widthy and recond in centimaiers:

|:|:| |:|_ A Prassars uloar lngth: Longsest lngh from head toioa

|:|:| D_ B. IProssurs wicor widihc 'Widsst widsh of tha sama presm ulcer, skig-in-sida perpendicutar (3-dagren angis) fo length

aniera dash imaach boc

|:|:| |:| C Prexmuns wicar dapth: Depth of the =me presurs wiosr from he velblis saface to the despast anaa (f depth s unknown,

BAOT ). Most Sovers Tissus Trpa for Any Prassurs Woer

Einimw Coefie:

]

Salact tha bes? description of Tha most sevais trpe of Tsmm presant Inam preseng uicer bed
1. Epitisalial terua - nwesdn growing in supsical uices. 2 can be lght pink and shin, aven in persons with daridy pigmanted skin
I Cramulation tisosg - pink or red S50 with shiny, mokt, granmlar apreaRnoe:
3. Siough - Fellow or whits Tsome that adheraes io the wimr bed In strings o Shick dumps, o Is mucnoue
4. Moot tssus Eschar] - bisck, browm, or Bn tesus that adheres fiemiy bo e wound Ded o uloar sdiges, may be sofer or hardar
han sunuunding =in
0. Mong o tha Abava

DB 4, m-mﬁnmmmmmum—imnmmwm
Complete only if A0310E = 0

Indicats thanember of curment prasus wioens that wers nod presand or wers 2t 3 kaser shage on prior assesmant (DERA or schaduled PRS;) or st
anry. i no cument preasurg uloar & & given siage, enbar [

[l

[l

[]

K. Stagel

E Stagel

C Stagad

WOS 3.0 Nursing FHoms Comprahensive (RC] Wersion 1.10.3 Efocthm 0401/ 2012
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i
R I skin conditions
M09, Healod Pressura Ulcars

Complota ony If A0310E = 0

triee e | B 'HGTE PrESEUTE LKCHTS Prasant on the prior assasment |OBRA or scheduled PPS|?
D 0. o= Skpio MM, Number of Vanous and Aozl o

IR e

wir

1. Vs = Combinus o MIFE, Soo I
Indicate the number of pressure Uicers Tad wera noted on the prion assasment (DERA o schaduled FPS) that hawe completely cosed
inesurfaced with epitheliumg. H no haaked pressure uicer at 3 given siage sinm the prios aseamant (08AA or scheduled PFS;, entar L

E Stagal

C Staga3

D 0. Saged

B1030. Musmnbaer of Venous and Arterial Ulcers

Errtar tha tortal numb-ar o vanoes and artertal ukcers prasent

Othar Wcers, Wounds amd Skin Froblems.

Cheeck sl that appiy
Food Protiems

A. Infaction of thefoo g, lults, purolant drainega)

E. Cimbaiic foot wicans)

T Cthar open kesiomds) on tha foot

Difsar Probilams

. Dpen ksionds other than whoers, reisas, oS (0., QN sk
E Surgical wound(s)

F. Eamsmix) fsacond or Hind degre)

G, Skim teanis

H Molsturs Azzocizied Skin Dameage (MASD) (L8 ncontnenos JALT, perspiration, drdnaga)
Mo of tha Abave

L Rona of tha abowe wera presant

Skin and Wloer Treatmant s

Cheis all that appliy

&, Pressurd raducing devica for chair

E. Prassors reducdng davica Tor bed

C Temingrapasttioning program

0. Murirition o byoration insrvantion D marsga seim probéams

EEI Oooo0O ood --g|:|

E Preasurs o car

F. Sungical woand cang

G Application of monsurghcal Srerangs feth or without fopécal madications) othar than to feat
H. Applications of sintmantsimadications other than 1o feat

L Appilcation of dressings i feet (wih o withou topicsl medicsSons}

L Wonaof the above wera providod

10 Nursing Homss Comprahsansiva (90 Warsion 1.10.4 Efacthe 0400172012 Paga I7 af 40
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Arudeni deniter D
EETT I #dications
RO300. Injsctions

infml=n | Agosed tha mumber of days that injections of any typs wers receved during the st 7 days or sinca ad missondante of reemtny 1 les
than 7 days. D=4 Skp bo MOS0, Madicabions Raceived

inimbwa | g nsulls Rjectons - Record the sumber of days that inselin Injesctens wors raceved during the Gst 7 days of Snoa admissonanTy
o resntry I less than 7 days

briw Dwn |B Opdiers for insulim - Record tha numisar of days B phiysiclan (o authonized eedstant o pracitionan changed the residant's
|:| irecalin rdars ciering Fio bt 7 davs o since admissonentry of rmontry F ks fon 7 s

. Hypnotic

E Antcnagquiant pearfarn, haparn, o ow-mokcslar waight heparing

G Murabc

00§ O1f O 005 3 O O

MD5 3.0 Nursing Homss: Comprehensive (8] Warsion 1.10.4 Effecthe D4401/2012 Papa 35 of 40
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(A e
m Special Treatments, Procedures_ and Programs

001 k. Spacial Trostments, Procedures, and Frograms
Check 2l of tha following Ereadmants, prococures, and programs that we porformed during the lzst 14 dars

1. Whila K0T a Resident
Parfonmsed wiie NOT o resisiont of this Tac ity and within o fesf 04 days. Oniy chack column 1| H 1

residiant onbared (admisshon of reontry N THE LAST 18 DAYE. H reident gt eniored 14 or mom d s ‘Whila HOT a
g0, begres: oodomin 1 Edank Rscsi it
I Whila 3 Rasident

Parformsad wihite o Fesident of this ity and within tha kest T4 days | heckaiithat appty |

{Cancer Trastmais:

A. Chamotherapy
B Eadton

1. Dialyss

K. Hosphos can

L. Raspita can

M. I=oiation or quaranting Tor active nSactious diseass (9085 N0T ke Sandard body T
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Appendix B Preferred Reporting Items for Systematic Reviews and Meta-Analyses Statement

Section/Topic # Checklist Item Reported on Page #
TITLE
Title 1 Identify the report as a systematic review, meta-analysis, or both.
ABSTRACT
Structured summary 2 Provide a structured summary including, as applicable: background; objectives;
data sources; study eligibility criteria, participants, and interventions;
study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.
INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of what is already known.
Objectives 4 Provide an explicit statement of questions being addressed with reference to
participants, interventions, comparisons, outcomes, and study design (PICOS).
METHODS
Protocol 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address),
and registration and, if available, provide registration information including registration number.
Eligibility criteria 6  Specify study characteristics (e.g., PICOS, length of follow-up) and report
characteristics (e.g., years considered, language, publication status) used
as criteria for eligibility, giving rationale.
Information sources 7  Describe all information sources (e.g., databases with dates of coverage, contact with
study authors to identify additional studies) in the search and date last searched.
Search 8  Present full electronic search strategy for at least one database, including any limits
used, such that it could be repeated.
Study selection 9  State the process for selecting studies (i.e., screening, eligibility, included in
systematic review, and, if applicable, included in the meta-analysis).
Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently,
in duplicate) and any processes for obtaining and confirming data from investigators.
Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources)
and any assumptions and simplifications made.
Risk of bias in 12 Describe methods used for assessing risk of bias of individual studies
individual studies (including specification of whether this was done at the study or outcome level), and how
this information is to be used in any data synthesis.
Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means).
Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done,
including measures of consistency (e.g., I?) for each meta-analysis.
Risk of bias 15  Specify any assessment of risk of bias that may affect the cumulative evidence
across studies (e.g., publication bias, selective reporting within studies).
Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-
regression), if done, indicating which were pre-specified.
RESULTS
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review,
with reasons for exclusions at each stage, ideally with a flow diagram.
Study characteristics 18  For each study, present characteristics for which data were extracted
(e.g., study size, PICOS, follow-up period) and provide the citations.
Risk of bias 19  Present data on risk of bias of each study and, if available, any outcome-level it
within studies (see Item 12).
Results of 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary
individual studies data for each intervention group and (b) effect estimates and confidence intervals, ideally
with a forest plot.
Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals
and measures of consistency.
Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15).
Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses,
meta-regression [see Item 16]).
DISCUSSION
Summary 24 Summarize the main findings including the strength of evidence for each main
of evidence outcome; consider their relevance to key groups (e.g., health care providers, users,
and policy makers).
Limitations Discuss limitations at study and outcome level (e.g., risk of bias), and at review level
(e.g., incomplete retrieval of identified research, reporting bias).
Conclusions 26 Provide a general interpretation of the results in the context of other evidence,
and implications for future research.
FUNDING
Funding 27  Describe sources of funding for the systematic review and other support

(e.g., supply of data); role of funders for the systematic review.
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Appendix C A complete search strategy regarding isolation precautions and multidrug-resistant
organisms within the PubMed electronic database

Search Terms (combined with “AND”)

Concept 1: Isolation

((((((isolation precaution[Title/Abstract]) OR
isolation precautions[Title/Abstract]) OR
barrier precaution[Title/Abstract]) OR
barrier precautions[Title/Abstract]) OR
contact precaution[Title/Abstract]) OR
contact precautions[Title/Abstract]) OR
contact isolation[Title/Abstract]

Concept 2: Multiple
drug resistance

(("drug resistance, multiple"[MeSH Terms] OR

("drug"[All Fields] AND "resistance"[All Fields] AND "multiple"[All Fields])
OR

"multiple drug resistance"[All Fields] OR

("multiple"[All Fields] AND "drug"[All Fields] AND "resistance"[All Fields]))
OR

("cross infection"[MeSH Terms] OR

("cross"[All Fields] AND "infection"[All Fields]) OR

"cross infection"[All Fields]))

Concept 3:
Bacteria/Infection

(e infections"All Fields] AND "bacteria”[All Fields])) OR
("infection"[All Fields] AND "bacteria"[All Fields])) OR
bacterial infections) OR

Escherichia coli) OR

Klebsiella pneumonia) OR

Acinetobacter baumannii) OR

Stenotrophomonas maltophilia) OR

Burkholderia cepacia) OR

Ralstonia pickettii) OR

cross infection) OR

nosocomial infection) OR

(("nosocomial"[All Fields] AND "infection"[All Fields]) OR
("nosocomial infection"[All Fields]) OR

"nosocomial infections"[All] OR

("nosocomial"[All Fields] AND "infections"[All Fields])) OR
(("nosocomial"[All Fields] AND "infection"[All Fields]) OR
("nosocomial infection"[All Fields]) OR

"nosocomial infections"[All] OR

("nosocomial"[All Fields] AND "infections"[All Fields]))) OR
(("nosocomial"[All Fields] AND "infection"[All Fields]) OR
"nosocomial infection"[All Fields] OR

"nosocomial infections"[All Fields] OR

("nosocomial"[All Fields] AND "infections"[All Fields]))) OR
"methicillin resistant staphylococcus aureus") OR
"vancomycin resistant enterococci"))

Limits

English, 1/1/2004- present (6/5/2014)
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Appendix D Cochrane Data Collection Form

Notes on using data extraction form:
Be consistent in the order and style you use to describe the information for each report.

Record any missing information as unclear or not described, to make it clear that the information was not

found in the study report(s), not that you forgot to extract it.
Include any instructions and decision rules on the data collection form, or in an accompanying document.
It is important to practice using the form and give training to any other authors using the form.

Rationale or
inclusion or
exclusion

Notes:

Characteristics of included studies

Methods

Descriptions as stated in report/paper

Location in text or
source (pg &
TI/fig/table/other)

Aim of study (e.g.
efficacy,
equivalence,
pragmatic)

Design (e.g. parallel,
crossover, non-RCT)

Unit of allocation
(by individuals,
cluster/ groups or
body parts)

Start date

End date

Duration of
participation (from
recruitment to last
follow-up)

Ethical approval

NN

Include comparative information for each
intervention or comparison group if available

needed/ obtained Yes No Unclear
for study
Notes:
Participants
Description Location in text or

source (pg &
Tl/fig/table/other)

Population description
(from which study
participants are drawn)

Setting (including
location and social
context)

Inclusion criteria

Exclusion criteria
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Informed consent

NN

obtained Yes No Unclear

Total no. randomized
(or total pop. at start of
study for NRCTSs)

Clusters (if applicable,
no., type, no. people
per cluster)

Baseline imbalances

Withdrawals and
exclusions (if not
provided below by
outcome)

Age

Sex

Race/Ethnicity

Severity of iliness

Co-morbidities

Other relevant
sociodemographics

Subgroups measure

Subgroups reported

Notes:

Intervention groups

Copy and paste table for each intervention and comparison group

Intervention Group 1

Description as stated in report/paper

Location in text or source
(pg & T/fig/table/other)

Group name

No. Randomized to group
(specify whether no.
People or clusters)

Theoretical basis (include
key references)

Description (include
sufficient detail for
replication, e.g. content,
dose, components)

Duration of treatment
period

Timing (e.g. frequency,
duration of each episode)

Delivery (e.g. mechanism,
medium, intensity, fidelity)

Providers (e.g. no.,
profession, training,
ethnicity etc. if relevant)

Co-interventions
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Economic information
(i.e. intervention cost,
changes in other costs as
result of intervention)

Resource requirements
(e.g. staff numbers, cold
chain, equipment)

Integrity of delivery

Compliance

Notes:

Outcomes

Copy and paste table for each outcome.

Outcome 1

Description as stated in report/paper

Location in text or source
(pg & T/fig/table/other)

Primary Outcome

Time points measured
(specify whether from
start or end of
intervention)

Time points reported

Outcome definition (with
diagnostic criteria if
relevant)

Person measuring/
reporting

Unit of measurement (if
relevant)

Scales: upper and lower
limits (indicate whether
high or low score is

good)
Is outcome/tool L] [ O]
validated? Yes No Unclear

Imputation of missing
data (e.g. assumptions
made for ITT analysis)

Assumed risk estimate
(e.g. baseline or
population risk noted in
Background)

Power (e.g. power &
sample size calculation,
level of power achieved)

Secondary Outcomes

Notes:

Data and analysis

Description as stated in report/paper

Location in text or
source (pg &
TI/fig/table/other)
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Comparison

Subgroup

Time point (specify from
start or end of
intervention)

Results of Primary
Outcome (e.g. odds
ratio, risk difference, ClI
or P value)

(For Continuous: Post-
intervention or change
from baseline?)

Results of Secondary
Outcome (e.g. odds
ratio, risk difference, ClI
or P value)

Statistical methods used
and appropriateness of
these (e.g. adjustment
for correlation)

Notes:

No. Participant Intervention Control

For Interrupted Time Series study (ITS)

For Interrupted Time
Series study (ITS)
Length of time points
measured (e.g. days,
months)

Total period measured

Other

Study funding sources
(including role of funders)

Possible conflicts of
interest (for study
authors)

Key conclusions of
study authors

Limitations stated by
study authors

Notes:
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Appendix E Quality assessment tool

(Published by Aboelela et al. (2006)3?)

Inadequate,
Completely Partially not stated, or
adequate adequate impossible to tell Not applicable
Representativeness All key Some key Minimal to no No control
characteristics characteristics description of key group
of study population described characteristics and
described inclusion/exclusion
criteria
Detailed inclusion/ Some description Mo inclusion/
exclusion criteria of inclusion/ exclusion criteria
described exclusion criteria
Bias and Study population Sample population Sample population Mo control group

confounding

Description of
intervention

Cutcomes and
follow-up

Statistical analysis

corresponded to
larger population
in all key factors
Masking of all
individuals
Equivalent outcome
assessment
Appropriate level
of involvement
from authoring
investigator
Study accounted
for confounding
interventions with
respect to
effectiveness
of BF or 5C

Compliance rate
greater that 80%
Protocol could
be replicated
given description
of intervention
and /or monitoring
Outcome assessment
procedure clearly
defined

Groups equivalent
in attrition

Statistical methods
fully described
and appropriate

Tests addressed
differences between
groups and variability

differed in some
minor factors to
larger population,

Masking of some
individuals

Minor differences in
outcome assessment

More of involvement
from authoring
investigator

Study only partally
accounted for
confounding
interventions with
respect to
effectiveness
of BPF or 5C

Compliance rate
between B0% and 50%

Some minor or major
details excluded from
explanation of
intervention
and/or monitoring

Outcome assessment
procedure
somewhat defined

Some difference in
attriton

Statistical methods
partially described
and appropriate

Tests addressed some

differences between
groups and variability
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differed in several

key factors to

larger population
Mo masking

Major differences in
OULCOME assessment

Inappropriate
imvolvement from
authoring investigator

Study did not account
for confounding
interventions with
respect to
effectiveness
of BP or 3C

Compliance rate
below 50%

Mo details given in
description of
intervention and
monitoring

Outcome assessment
procedure not defined

Major difference
in attrition

Stadstical methods
not described
or absent or
appropriate

Did not address
differences between
groups and variability

Impossible to mask
individuals

Study not
monitored

Mo control
groups—follow-up/
attridon not
applicable

NFA



Appendix F Consolidated Health Economic Evaluation Reporting Standards (CHEERS)

Instrument
Section/itern Itern  Recommendation
no
Title and abstract
Title 1 Identify the study as an economic evaluation or use more specific terms such
s “oost-effectiveness analysis”, and describe the interventions compared
Abstract 2 Provide a structured summary of objectives, perspective, setting, methods
(including study design and inputs), results (including base case and
uncerainty analvses), and conclusions
Introduc tion
Background and objectives 3 Provide an explicit statement of the broader context for the study
Present the study question and its relevance for health policy or practice
decisions
Methods
Target population and subgroups 4 Describe chameteristics of the base case popul ation and subgroups analvsed,
including why they were chosen
Setting and location 5 State relevant aspects of the svstem(s) in which the decision(s) need(s) to be
made
Study perspective [ Describe the perspective of the study and relate this to the costs being
evaluated
Comparators 7 Descnbe the mterventions or strategies being compared and state why they
were chosen
Time horizon & State the time horizon(s) over which costs and comsequences ar being
evaluated and say why appropriate
Discount rate 9 Report the choice of discount rate(s) used for costs and outcomes and say
why appropriste
Choice of health outcomes 10 Descrbe what outcomes were used as the measure(s) of benefit in the
evaluation and their elevance for the type of analvsis performed
Section/item Itern  Recommendation
no
Measumment and valuation of 12 If applicable, describe the population and methods used to elicit preferences
preference based outcomes for outcomes
Estimating resources and costs 130 Single study-based economic evaluation: Describe approaches wsed o
estimate resounce use associated with the altemative interventions.
Deseribe primary or secondary reseanch methods for valuing each resource
item in terms of its unit cost. Describe any adjustments made to
appmximate o opporiunity costs
13b  Model-based economic evaluation: Describe appmaches and data sources
used to estimate resource use associated with model health states. Describe
primary or secondary research methods for valuing each msource item in
terms of its unit cost. Describe any adjustments made Lo approximate to
opporiimity costs
Cumency, price date, and conversim 14 Report the dates of the estimated resource quantities and umt costs. Describe
methods for adjusting estimated unit costs to the vear of reponed costs if
necessary, Describe methods for converting costs into a common curmncy
base and the exchange rate
Choice of model 15 Describe and give reasons for the specific tvpe of decision-analytical model
used. Providing a figure to show model structure is strongly recommended
Assumptions 16 Describe all structuml or other assumptions underpinning the decision-
analytical model
Analytical methods 17 Deseribe all analytical methods supporting the evaluation. This could include

methods for dealing with skewed, missing, or censored data; extmpolation
methods; methods for pooling data: approaches to validate or make
adjustments (such as half cycle comections) to a model; and methods for
handling population hetemgensity and uncertainty
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Results
Study parameters

Incremental costs and ouleomes

Chamcterising uncertaxint y

Chamcterising hetlerogeneity

Dviscuszion

Study findings, himitations,
generalisability, and cument
know led ge

Dither

Source of funding

Conflicts of interest

Ak

21

Report the values, ranges, refemsnces, and, if used, probability distributions
for all parameters. Report reasons or sources for distributions used to
represent uncertasinty where appropriate. Providing a table to show the
imput values is strongly recommended

For each intervention, report mean values for the main categories of
estimated costs and outcomes of inerest, as well as mean differences
betwesn the comparator groups. IT applicable, report incremental cost-
effectivensss ratios

Single study-based economic evaluation: Describe the effects of sampling
uncedainty for the estimated meremental cost and incremental
effectivensss parameters, logether with the impact of methodological
wssumptions (such as discount rate, study perspective)

Model-based economic evaluation: Describe the effects on the results of
uncedainty for all input pamme ters, and uncertainty related 1o the structure
of the model and assumptions

If applicable, report differsnoes in costs, oulcomes, or cost-effectiveness that
can be explained by varations betwesn subgroups of patients with di ferent
baseline characteristics or other observed variahility in effects that are not
reducible by more information

Summarise key study fndings and describe how they suppont the conclusions
reached. Discuss limitations and the gensrabisability of the findings and
how the findings fit with curnent knowledge

Describe how the study was funded and the role of the funder in the
identification, design, conduct, and reporting of the analysis. Describe other
non-monetary sounces of support

Describe any potential for conflict of interest of study contributors in
accordance with journal policy. In the absence of a joumal policy, we
recommend authors comply with International Committes of Medical
Journal Editors recommendati ons
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Appendix G QHES Quality Assessment Instrument

QHES Topic QHES Prompt Weight

Objective Was the study objective presented in a clear, specific, and measureable manner? 7

Perspective Were Fhe perspective of the analysis (societal, third-party payer, etc.) and reasons for its 4
selection stated?

. . Were variables estimates used in the analysis from the best available source (i.e.,

Estimate Quality ; . - 8
randomized control trial - best, expert opinion - worst)?

Subgroups* If estimates came from a subgroup analysis, were the groups pre-specified at the beginning 1
of the study?

Statistics/ Was uncertainty handled by (1) statistical analysis to address random events, (2) sensitivity 9

Sensitivity analysis to cover a range of assumptions?

Alternatives Was incremental analysis performed between alternatives for resources and costs? 6

Abstraction Was the methodology of data abstraction (including value health states and other benefits) 5

Method stated?

Horizon/ Did the analytic horizon allow time for all relevant and important outcomes? Were benefits "

Discount and costs that went beyond discounted (3 to 5%) and justification given for the discount rate?

Cost Measures Was t_h_e measurement of costs appropriate and the methodology for the estimation of 8
quantities and unit costs clearly described?

Primary Were the primary outcomes measure(s) for the economic evaluation clearly stated and did 6

QOutcomes they include major short-term, long-term and negative outcomes?
Were the health outcomes measures/scales valid and reliable? If previously tested valid and

Health Measures ; ; A i 7
reliable measures were not available, was justification given for the measures/scales used?

Model Were the economic model (including structure), study methods and analysis, and the 8

Components components of the numerator and denominator displayed in a clear transparent manner?

Model Were the choice of economic model, main assumptions and limitations of the study stated 7

Justification and justified?

Bias Did the author(s) explicitly discuss direction and magnitude of potential biases? 6

: Were the conclusions/recommendations of the study justified and based on the study

Conclusions 8
results?

Funding Was there a statement disclosing the source of funding for the study? 3

*Authors interpreted this item in cases where subgroups were not appropriate that studies of high quality have assessed and stated the
heterogeneity of the study sample either prospectively or retrospectively.
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Appendix H Topics of qualitative directed content analysis

Topic Information Recorded

Organisms What are all the organisms that can trigger isolation-based practices in this facility? (As listed by
the interviewee, including the location, if applicable, e.g., methicillin-resistant Staphylococcus
aureus of the nares)

Residents Which residents are isolated? (i.e., resident characteristics leading to isolation)

Decision How does the staff decide to initiate isolation and who makes the decision to initiate isolation?

(e.g., laboratory cultures, etc., not including resident characteristics recorded for the above
guestion)

Private space

What are the semi-private or private spaces where isolated individuals reside? (List
possibilities, e.g., Clostridium difficile residents always have a private commode, or ocular
herpes cases are confined to a private room)

Shared Space

What are the shared spaces where isolated residents are allowed? (If interviewees make
references to an isolated resident being allowed outside his/her room, assume that they are
allowed in all shared spaces unless otherwise stated, e.g., bathrooms, hallways, dining room,
recreation room, therapy room)

Personal What PPE is required for the staff and/or residents as part of isolation-based infection
Protective prevention and control practices in the facility, including gowns, gloves, masks, other (specify)?
Equipment

(PPE)

Processes What are the processes for contact with “isolated” residents besides hand hygiene, if any?
Removal When are residents taken off isolation precautions?

Communication | How are changes in precautions communicated to the staff?

Cleaning What are the policies regarding cleaning rooms of isolated residents?

Linens What are the policies regarding cleaning linens from isolated residents?

Facilitators What are the facilitators to isolation-based infection prevention and control practices?
Barriers What are the barriers to isolation-based infection prevention and control practices?

Perceptions

Description of any ethical considerations, concerns or other perceptions of the staff regarding
isolation.

Non-
compliance

How does the facility handle non-compliance with isolation-based techniques? (Including staff,
residents and visitor non-compliance)

Disagreement

To what extent is there disagreement between staff about isolation policies?
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Appendix |

Consolidated Criteria for Reporting Qualitative Research (COREQ) checklist for interviews and focus groups items

Domain/ Item | Information Location
Domain 1: Research team and reflexivity
1. Interviewer/facilitator “Members of our study team (3 male, 5 female) conducted in-depth, semi-
structured interviews from May through September 2013. ... All interviewers
were trained on in-depth qualitative interviewing techniques and encouraged to | p. 5, 14
manually record field notes regarding observations not captured in the
interview.” [Also see acknowledgement section.]
2. Credentials See Table 1 in Stone et al. Stone et al.
(2015), p. 2
3. Occupation See Table 1 in Stone et al. Stone et al.
(2015), p. 2
4. Gender “Members of our study team (3 male, 5 female) conducted in-depth, semi- 5
structured interviews” P
5. Experience and training “Team members attended training sessions conducted by an expert qualitative | Stone et al.
consultant.” (2015),
p. 2
Relationship with participants
6. Relationship established | “Our interdisciplinary team is multidisciplinary and no one had prior Stone et al.
relationships with any of the study sites.” (2015),
p. 2
7. Participant knowledge of | “All interviewees were informed of study goals and provided written informed
the interviewer consent.” p.5
8. Interviewer “All interviewers were trained on in-depth qualitative interviewing techniques 5
characteristics and encouraged to manually record field notes regarding observations not P
captured in the interview.
Domain 2: Study design
Theoretical framework
9. Methodological “Each interviewee was interviewed once, one-on-one, with an interview guide
orientation and theory informed by Donabedian’s healthcare quality theoretical framework®® ... A
directed content analysis of all transcripts was performed (see Appendix A for p-5
directed content).”
Participant selection
10. Sampling “Each NH was purposively selected with the goal of obtaining variation in
geographic region, size, ownership status and 3-year infection control p. 4

deficiency citation performance. The deficiency citation score is derived from
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infection control-related evaluation criteria found in annual, unscheduled
inspections by the state that are required for Medicare and Medicaid
certification and reimbursement (deficiency citations indicate poor
performance). [...]

We aimed to recruit interviewees who were familiar with the facility based on
tenure and who would provide range of perspectives based on role (e.g.,
infection prevention directors, directors of nursing, assistant directors of
nursing, medical directors, environmental service workers and staff nurses).”

11. Method

“NHs were recruited through informational mailings, follow-up phone calls and

emails. At each facility, a site contact was identified who then recruited p. 4
individual interviewees based on our guidelines for inclusion.156”

12. Sample size "In total, 10 NHs were visited and 73 interviews were conducted, with 6-8 6
interviewees per facility." P

13. Non-participation “Recruitment concluded when data saturation across the entire NH sample
was achieved for all infection control-related topics covered by the interview p.5
guides.””

Setting

14. Setting “Each interviewee was interviewed once, one-on-one”™” p.5

15. Presence of non- See above 0.5

participants )

16. Description of sample “From May to September 2013, 10 NHs were visited (see Table 2). Forty
percent were non-profit, and bed size ranged from 40 to 204. Geographic
location was diverse with 3 in the Northeast region, 3 in the West or Midwest,
and 4 in the South. Facilities were evenly dispersed into the low and high
three-year infection related citation score categories. A total of 73 interviews Stone et al.
were conducted. Often the participants served in multiple capacities; Table 3 (2015),
shows these multiple roles by listing the participants’ role as identified by the p. 2
site coordinator and the corresponding interview guide that was used as well
as the other roles identified in the interview process. Only 9 IPs were
interviewed because of a leave of absence at one site. Table 4 lists the 5
themes that emerged, a short explanation, and provides exemplar quotes.”

Data collection

17. Interview guide “Semi-structured interview guides (available upon request) and in-depth

interviewing techniques were used.21 The guides were developed, reviewed
, . ; . e : Stone et al.

and piloted by NH experts including IPs working within this setting and (2015)
reflected our understanding of the significant issues of IPC in NHs from the 5 '
literature and identified in guidelines.8,18,19 Using a semi structured interview P
format facilitated the exploration of new ideas.”

18. Repeat interviews “Each interviewee was interviewed once, one-on-one” p.5

19. Audio/visual “Interviews were digitally recorded and transcribed verbatim.” p.5
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20. Field notes

“All interviewers were trained on in-depth qualitative interviewing techniques
and encouraged to manually record field notes regarding observations not
captured in the interview.”

p. 4

21. Duration

“On average, interviews lasted approximately 45 minutes.”

p. 6

22. Data saturation

“Recruitment concluded when data saturation across the entire NH sample
was achieved for all infection control-related topics covered by the interview
guides.””

p.5

23. Transcripts returned

“While we were not able to have each interviewee review transcripts, in an
effort to conduct member-checking, each NH was sent a summary of the
findings from their facility and no corrections were offered.”

p. 13-4

Domain 3: Analysis and finding

Data analysis

24. Number of data coders

“Using Microsoft Excel% software to facilitate coding and analysis, CCC and
MPM reviewed the extracted passages, generated a comprehensive set of
primary and secondary codes and drafted definitions for each.”

p.5

25. Description of the
coding tree

Please see Appendix A for directed content.

“Throughout the narratives we found that decision-making to use isolation
practices was complex and this could be attributed to four themes that
emerged: 1) perceived risk of transmission; 2) conflict with quality of life goals;
3) resource availability; and 4) lack of understanding regarding infection
prevention and control. Each of these themes are outlined in Figure 1”

p. 6

26. Derivation of themes

“A directed content analysis of all transcripts was performed (see Appendix A
for directed content). This analytic technique is used to focus the research
question, helps to determine the initial coding scheme and is useful when
existing theory or prior research insufficiently describes a particular
phenomenon.8! A keyword search of all transcripts was conducted in NVivo 10
(QSR International?® software using “isolation” and related terms (e.g., isolate,
contact precaution, contact isolation, isolation precaution, cohort, quarantine,
outbreak, cart, special precautions, single room, private room, signs, mask,
gown, roommate) to highlight passages of text pertaining to the phenomena of
interest. A keyword search is beneficial in content analysis when a large
volume of text is available as it allows researchers to target passages with
pertinent content to focus in-depth analysis.'** Using Microsoft Excel1%®
software to facilitate coding and analysis, CCC and MPM reviewed the
extracted passages, generated a comprehensive set of primary and secondary
codes and drafted definitions for each. Emerging themes were discussed
weekly with all authors to ensure a shared understanding.”

p.5
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27. Software

“A keyword search of all transcripts was conducted in NVivo 10 (QSR

International*?® software ... Using Microsoft Excel'%® software to facilitate p. 5
coding and analysis”
28. Participant checking “While we were not able to have each interviewee review transcripts, in an
effort to conduct member-checking, each NH was sent a summary of the p. 13-4
findings from their facility and no corrections were offered.”
Reporting
29. Quotations presented See results section p. 5-11
30. Data and findings See results section, See Figure 1 for themes overview p. 5-11
31. Clarity of major themes | See results section p. 5-11

32. Clarity of minor themes

Not applicable
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Appendix J Sampling criteria and refinement

MDRO-Positive Facilities Individuals % of Obs.

350 | Sample Observations Observations With Exclusion Criteria
(Thousands) (4Q2010-4Q2013) Isolation
300 e S 302,440 12,719 206,776 13.3
\\‘ e . MlSSlng |50|at|0n
301,480 12,711 206,266 13.3
550 | e th e E e R R eE SRR R AR R AR RS R R R R AR R AR R LR R SRR RS ERER R EE SRR R AR RO R AR RRRA RN R AR R R SRR AR R R AR R R R SRR RN RS - Age < 65 years Of'd)
227,686 12,282 158,498 13.3
B ettt 8RR 148 5 18 3 8 R4S RS ASR ERSREEASE + Assessment Type*
201,770 12,051 144 878 12.8
200 - S et eerrereeeenerereeesfesEememeafeefesfsseeseefsfsseestiEseressestisfereafeseesteseefessistesfeessessiesescseestesseressessisseressissssneseasessssneres . Fac|||ty Size ({25
. 195,098 11,890 140,779 13.0 and >320 beds™)
150 - ;
100 -
5»— Included Sample
50 -
0 B T ":

Included Sample

*Observations that are a significant change in status assessment or missing assessment type were excluded.
** 98 percentile is included
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Appendix K Functional forms of associations between continuous variables and probability of isolation precaution use.
(Preliminary main effects multivariable logistic regressions with facility-level clustered robust standard errors).
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Clinical Characteristics:
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Facility Characteristics:

Facility Size
(Number of beds)?

Facility Characteristics:

Occupancy Ratead
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Facility Characteristics:
Staffing: Registered Nursesad
(Full time equivalent hours per resident per day)

Facility Characteristics:

Staffing: Licensed Practical Nurse2d
(Full time equivalent hours per resident per day)

"o} 2 \Z O \a} o) N el \a}
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Facility Characteristics:

Staffing: Certified Nurse Aidead
(Full time equivalent hours per resident per day)

Location Characteristics:

Elderly per Square Milead
(65+ years, in county)
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Location Characteristics: Location Characteristics:
Market Competition® Median Household Income?
(in county) (in county)
0.016 014
0.014 0.12
0.012 0.1
0.01 0.08
: 0.06
0.008 0.04
0.006 0-0(2)
0.004 S o> A X & > > B D
0.002 S O @ S Q B
©° O Y - LR LR
0 X AN A S N N
& & & 4 o VN
Sy S S N NN NP N B
QN N ('OQ ch P LA © A rb‘b NN
°-> g §° S N - TN \@v N
(1,\ b‘« ('o« q
&
Month Quarter
0.012 0.1
0.01 0.08
0.008
0.06
0.006
0.004 0.04
0.002 0.02
0 0
'S) rbé & .& ‘Zﬁ Qe &* \‘?
0.002 2 F & WY DY NPT NN SN IN S N R (S
& & N\ %86@ PR SN S Sl S SN N Sl SN SN S Sl S (%
Other:

Note: aStandardized and divided into 10 categories by value, with highest as the reference. PHigher mood score represents worse condition
cStandardized and divided into 5 categories by value, with highest as the reference; 9Highest 1% of values excluded as outliers. €Capped at 1
(100% occupancy). 'Herfindahl index, highest indicates complete market share of beds in the county and lower number indicates a more

competitive market.




Appendix L Results of full multivariable linear probability model results

(1) with facility-level clustered robust standard errors and (2) facility-level fixed effects.
Dependent variable: Isolation precautions

The final regression sample included 11,830 unique nursing homes, 188,059 observations.

(1) Facility clustered SEs (2) Facility-Level Fixed

Effects
Predictor B SE P B SE P
Resident Demographics
Female gender -0.0014 0.0019 .47 -0.0043 0.0014 <.001
Race (ref: White, not Hispanic)
American Indian or Alaskan
Native -0.0418 0.0166 .01 -0.0112 0.0131 .39
Asian 0.0332 0.0144 .02 -0.0043 0.0077 .58
Black, not Hispanic 0.0194 0.0052 <.001 0.0024 0.0029 41
Native Hawaiian/ Pacific Islander -0.0201 0.0158 .2 -0.0039 0.0143 .78
Unknown, not Hispanic -0.0049 0.0073 .5 -0.0058 0.005 .25
Black, Hispanic -0.0306 0.1159 .79 0.0333 0.1021 .74
White, Hispanic 0.0124 0.0627 .84 -0.0085 0.0421 .84
Hispanic, unknown race 0.0259 0.008 <.001 -0.0016 0.0043 71
Unknown Race/Ethnicity 0.1921 0.0789 .01 0.0399 0.025 A1
Clinical Characteristics
Activities of daily living: Bed
mobility?
Supervision needed 0.0011 0.0074 .88 -0.0005 0.006 .93
Support needed/activity did not
occur -0.0227 0.0066 <.001 -0.0129 0.0052 .01
Activities of daily living: Dressing?
Supervision needed 0.006 0.0091 .51 0.0016 0.0079 .84
Support needed/activity did not
occur 0.0041 0.0096 .67 0.0058 0.0077 .45
Activities of daily living: Eating?®
Supervision needed 0.0038 0.0038 31 0.002 0.0021 .34
Support needed/activity did not
occur 0.0342 0.0048 <.001 0.0215 0.0025 <.001
Activities of daily living: Hygiene?
Supervision needed -0.0057 0.0072 43 -0.0099 0.0057 .08
Support needed/activity did not occur ~ 0.0042 0.0076 .58 -0.0072 0.0055 .19
Activities of daily living:
Locomotion2
Supervision needed -0.0012 0.0045 .78 0.0029 0.004 A7
Support needed/activity did not
occur 0.0245 0.0039 <.001 0.0252 0.0033 <.001
Activities of daily living: Tolieting?
Supervision needed -0.0065 0.0084 44 0.0111 0.0079 .16
Support needed/activity did not
occur -0.0074  0.0085 .38 0.0086 0.0077 .27
Activities of daily living: Transfer?2
Supervision needed 0.0041 0.008 .61 0.001 0.0074 .89
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(1) Facility clustered SEs (2) Facility-Level Fixed

Effects
Predictor B SE P B SE P
Support needed/activity did not
occur 0.0107 0.0081 .19 -0.0036 0.0072 .62
Admissions assessment 0.0449 0.0032 <.001 0.0486 0.002 <.001
Behavioral problem: Physical®
Occurred 1-3 of last 7 days -0.0104 0.0053 .05 -0.0018 0.005 72
Occurred 24 of last 7 days 0.009 0.0131 49  0.0102 0.0091 .26
Behavioral problem: Verbal®
Occurred 1-3 of last 7 days 0.0026  0.0046 .56 -0.0028 0.004 5
Occurred 24 of last 7 days 0.0272  0.0098 .01 0.0035 0.0071 .62
Behavioral problem: Other®
Occurred 1-3 of last 7 days -0.005 0.0045 .27 0.0015 0.0042 71
Occurred 24 of last 7 days -0.0022  0.0065 .73 -0.006 0.0053 .26
Dementia diagnosis, Alzheimer’s -0.0062  0.0046 .18 -0.0016 0.0038 .68
Dementia diagnosis, not
Alzheimer’s 0.0045 0.0056 42 0.0082 0.0045 .07
History of MDRO-positive MDS
assessment
(Before current assessment) -0.0273 0.0023 <.001 -0.0192 0.0019 <.001
Indwelling catheter 0.0172 0.0025 <.001 0.0104 0.0017 <.001
Influenza vaccination in current
season -0.0062  0.0025 .01 -0.0041 0.0019 .03
Long-stay status
(> 100 days in facility) -0.0151 0.0032 <.001 -0.0046 0.0024 .06
Mood Severity Score (ref: 25-27)¢
0-2 -0.0644  0.0612 29 -0.0647 0.0437 14
3-5 -0.0589 0.0612 .34 -0.0578 0.0437 19
6-8 -0.0617 0.0612 .31 -0.0586 0.0438 .18
9-10 -0.0521 0.0613 4 -0.0541 0.0438 22
11-13 -0.0511 0.0612 4 -0.0564 0.0439 2
14-16 -0.0426  0.0617 49 -0.0493 0.0441 .26
17-18 -0.0503 0.0625 42 -0.0451 0.0447 31
19-21 -0.0455 0.0624 A7 -0.0486 0.0454 .28
22-24 -0.0519 0.0648 42 -0.0473 0.0479 .32
Mood is Missing 0.0111 0.0038 <.001 0.0088 0.0025 <.001
Number of assessments per
resident (ref: 15-18 assessments)
1-4 0.022 0.0268 41 -0.0106 0.0191 .58
5-7 0.0067 0.0269 .8 -0.0167 0.0191 .38
8-11 -0.0025 0.0271 .93 -0.0121 0.0193 .53
12-14 -0.0099 0.0266 .71 -0.0133 0.02 5
Ability to make self understood
(Ref: Is understood)
Usually 0.0051 0.0036 .15 -0.0002 0.0022 .93
Sometimes/rarely/never 0.0065 0.0059 .27 0.0044 0.0037 .23
Wandering (ref: no wandering)
1-3 days of last week -0.0284 0.0066 <.001 -0.0256 0.0067 <.001
4-6 days of last week -0.0402 0.0116 <.001 -0.0383 0.0121 <.001
Daily wandering in last week -0.0257 0.011 .02 -0.0212 0.0093 .02
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(1) Facility clustered SEs (2) Facility-Level Fixed

Effects
Predictor B SE P B SE P
Facility Characteristics
Chain membership -0.0315 0.0051 <.001 0.0018 0.0042 .67
Citation on last inspection:

Infection Control 0.0166 0.0037 <.001 0.0043 0.0019 .02
Citation on last inspection:

Care quality -0.003 0.0038 44 -0.0043 0.002 .03
Facility size (number of beds) -0.0528 0.0135 <.001 -0.3465 0.0573 <.001
Occupancy rated (ref: 95.1-100%)

Continuous 0.3821 0.1186 <.001 -0.0069 0.0865 .94

Squared -0.3909 0.078 <.001 -0.0547 0.055 .32
Ownership status (ref: For-profit)

Government 0.0099 0.012 41 -0.0197 0.0143 17

Not for-profit -0.0127 0.0055 .02 0.0239 0.0086 .01
Staffing: Registered nurses®ef
(ref: 0.46-0.69)

0.00-0.23 0.0644 0.02 <.001 0.0083 0.0111 .45

0.23-0.46 0.0283 0.0062 <.001 -0.0065 0.0034 .06

0.69-0.92 -0.0127  0.0049 .01 -0.0004 0.0027 .87

0.92-1.15 -0.026  0.0067 <.001 0.0008 0.004 .84

1.15-1.39 -0.025 0.01 .01 -0.0037 0.0056 .51

1.39-1.62 -0.0259 0.0148 .08 0.0037 0.0077 .63

1.62-1.85 -0.0487 0.022 .03 -0.0246 0.0104 .02

1.85-2.08 0.0069 0.0381 .86 -0.0348 0.0138 .01

2.08-2.31 -0.0392 0.0432 .36 0.0132 0.0174 .45

Top 1% of RN staffing levels 0.0644 0.02 <.001 0.0083 0.0111 .45
Staffing: Licensed practical
nursesf

Continuous -0.1743 0.0603 <.001 -0.0711 0.0307 .02

Squared 0.2064 0.071 <.001 0.0528 0.033 A1

Top 1% of LPN staffing levels 0.0032 0.0311 .92 -0.0027 0.0135 .84
Staffing: Certified nurse aide®f

Continuous -0.0655 0.072 .36 0.043 0.0354 22

Squared 0.0841 0.0738 .25 -0.0815 0.0372 .03

Top 1% of Aide staffing levels 0.0594 0.0368 .11 0.0218 0.0166 .19

Location Characteristics
Elderly per square milecf(65+ years,
in county, ref: 359.33-396.13)

0.00-39.59 -0.1709 0.0424 <.001 -0.0201 0.0769 .79

39.63-79.06 -0.1687 0.0396 <.001 0.0239 0.0759 .75

79.34-118.02 -0.1641 0.0368 <.001 -0.021 0.0751 .78

118.96-157.46 -0.1478 0.0327 <.001 -0.0009 0.0744 .99

158.57-197.96 -0.1448 0.03 <.001 0.0424 0.072 .56

198.57-237.17 -0.1193 0.026 <.001 0.0262 0.0715 71

238.44-276.81 -0.0993 0.0252 <.001 0.0242 0.0712 73

278.20-316.14 -0.1137 0.0242 <.001 0.0478 0.0706 5

319.17-351.26 -0.0426  0.0306 .16 0.0167 0.0691 .81
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(1) Facility clustered SEs

(2) Facility-Level Fixed

Effects
Predictor B SE P B SE P
Market Competition (in county, ref:
8050-10000)
3-2,002 0.0348 0.0304 .25 -0.0257 0.0252 31
2,003 - 4,000 0.0287 0.0255 .26 -0.0231 0.0224 3
4,005 - 6,000 0.0085 0.0214 .69 -0.0214 0.0177 .22
6,010 - 8,000 0.0121  0.0197 .54 -0.0094 0.0154 .54
Median household income¢ (in
county, ref: $121,788-130,268)
$0 0.1228 0.098 21 0 . .
$ 22,680 — 26,053 -0.0017 0.0915 .98 0.0161 0.0828 .85
$ 26,066 — 39,077 0.0283 0.08 .72 0.0194 0.0299 .52
$ 39,082 — 52,104 0.0132 0.0778 .87 -0.0002 0.0282 .99
$ 52,109 — 65,092 0.0054 0.0769 .94 -0.0038 0.0276 .89
$ 65,227 - 78,131 0.0166 0.0767 .83 -0.001 0.0264 .97
$ 78,251 — 90,995 0.0193 0.0758 .8 0.0243 0.024 31
$91,344 - 10,2592 0.0383 0.0792 .63 0
$ 105,081 - 112,455 0.0832 0.0805 3 0
Other Predictors
Quarter of assessment
(Time trend, ref: Q4 2013)
Q4 2010 0.0879 0.0067 <.001 0.1071 0.004 <.001
Q12011 0.0856 0.006 <.001 0.0972 0.0036 <.001
Q22011 0.0545 0.0055 <.001 0.0621 0.0036 <.001
Q32011 0.0274 0.0051 <.001 0.0347 0.0036 <.001
Q4 2011 0.0224 0.0051 <.001 0.0281 0.0036 <.001
Q12012 0.019 0.0047 <.001 0.0238 0.0035 <.001
Q22012 0.0132 0.0046 <.001 0.0161 0.0035 <.001
Q3 2012 0.0071 0.0044 .11 0.0115 0.0035 <.001
Q4 2012 0.0022 0.0044 .61 0.0051 0.0035 14
Q1 2013 0.0026 0.0042 .53 0.0029 0.0035 4
Q2 2013 0.0014 0.004 .72 0.0023 0.0035 .51
Q32013 -0.0084  0.0037 .02 -0.0043 0.0035 21
Interaction terms
Is understood and verbal behavior
problem -0.0085 0.0031 .01 -0.0047 0.0026 .06
Dementia and is understood -0.001 0.0025 .69 0 0.0018 .99
Dementia and hygiene ADLs 0.0061 0.006 .31 0.0061 0.0058 .29
Dementia and eating ADLs -0.0098 0.0026 <.001 -0.0074 0.002 <.001
Dementia and toileting ADLs 0.0122  0.0067 .07 0.0085 0.0063 .18
Dementia and dressing ADLs -0.0191  0.0074 .01 -0.0202 0.0071 <.001
Market competition and elderly per
square mile -0.0404  0.0567 .48 0.3108 0.1498 .04
Market competition and median
household income 0.0472 0.0954 .62 -0.0488 0.0864 57
Median household income and
Elderly per square mile -0.265 0.102 .01 -0.4513 0.2082 .03
Constant 0.2882 0.1349 0.03  0.3973 0.109 <.001
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Note: Adjusted R2: Model 1) .05, Model 2) .03. Model 2 C-statistic: .59. 2Activities of daily living reference
categories are “independent”; PBehavioral problem-related items reference “behavior not exhibited”;
cStandardized and divided into 10 categories by value, with highest as the reference; 9Capped at 1 (100%
occupancy); ®Measured in full-time equivalent hours per resident per day; 'Highest 1% of values excluded
as outliers; 9Standardized and divided into 5 categories by value, with highest as the reference.
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Appendix M Joint contribution tests from full logistic regression model with facility fixed effects.
Dependent variable: Isolation Precautions.
Predictor Joint Contribution
F-value Probability > F

Resident Demographics
Race 0.68 731

Clinical Characteristics
Activities of daily living:

Bed mobility 4.62 .010**
Dressing 0.44 .644
Eating 50.71 <.001***
Hygiene 151 221
Locomotion 46.84 <.001***
Toileting 1.0 .367
Transfer 0.36 .697
Behavioral problem:
Physical 0.76 466
Verbal 0.48 .616
Other 0.76 468
Dementia diagnosis 3.73 .024*
Mood Severity Score 3.73 .001**
Number of assessments per resident 0.98 416
Ability to make self understood 0.99 373
Wandering 9.32 < .001***
Facility Characteristics
Occupancy rate? 16.44 <.001***
Ownership Status 5.93 .003*
Staffing
Registered NursesP 2.46 .008**
Licensed Practical NursesP 4.18 .015*
Certified Nurse AidesP 5.34 .005**

Location Characteristics

Elderly per square mile® (65+ years, in county) 5.79 <.001%*
Market competition® (in county) 0.44 0.7811
Median household income (in county) 1.89 0.079

Other Predictors
Quarter of assessment (time trend) 150.73 <.001***

Interaction Terms
Dementia and activities of daily living 7.36 <.001***
County-level variables 2.90 .033*
Note: Adjusted R% .03, C-statistic: .59.2Capped at 1 (100% occupancy). PHighest 1% of values excluded
as outliers. cHerfindahl Index. *Significant at p < .05 level; ** Significant at p < .01 level; *** Significant at p
<.001 level.
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Appendix N Robustness check: Admissions assessments exclusion

(Indicates differences in the fixed effects model)

Dependent variable: Isolation precautions

The final regression sample included 9,700 unique nursing homes, 82,057 observations

Facility-Level Fixed Effects
Predictor B SE P

Clinical Characteristics
Activities of Daily Living: Eating?
Supervision needed -0.0058 0.0029 0.05
Support needed/activity did not occur 0.0082 0.0038 0.03

Facility Characteristics
Staffing: Registered Nurses®
(Ref: 2.08-2.31)
0.00-0.23 0.1023 0.0447 0.02
1.62-1.85 0.0606 0.0433 0.16

Other Predictors
Quarter of assessment
(time trend, ref: Q4 2013)

Q4 2010 0.093 0.0053 <.001
Q32011 0.047 0.0047 <.001
Q2 2012 0.0312 0.0046 <.001
Q3 2012 0.0232 0.0046 <.001

Note: Adjusted R2: .03. 2Activities of daily living reference categories are “independent”; PMeasured in full-
time equivalent hours per resident per day; Highest 1% of values excluded as outliers. Standardized and
divided into 10 categories by value, with highest as the reference.

Interpretation: Eliminating admissions assessments makes support needed with eating activities of daily
living is a weaker predictor of isolation and needing supervision becomes inversely related to isolation
precautions use. Registered nurse staffing of 1.62-1.85 full time equivalents (FTE) per hour per day is no
longer inversely correlated vs. the highest level of staffing and 0.00-0.23 FTE per hour per day has a
positive association compared to the highest staffing level.
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Appendix O Robustness check: State fixed effects
Dependent variable: Isolation precautions
The final regression sample included 50 states and 188,059 observations
Facility-Level Fixed Effects
Predictor B SE =
Resident Demographics
Race (ref: White, Not Hispanic)
Unknown Race/Ethnicity 0.1573 0.0264 <.001

Clinical Characteristics
Behavioral Problem: Verbal?

Occurred 24 of last 7 days 0.0279  0.0077 <.001

Indwelling Catheter 0.0163  0.0019 <.001
Facility Characteristics

Chain membership -0.0325 0.0017 <.001
Facility Size (number of beds) -0.0603  0.0048 <.001
Occupancy Rate® (ref: 95.1-100%)

Continuous 0.1848  0.0395 <.001

Squared -0.1957  0.0267 <.001
Ownership Status (ref: For-profit)

Government 0.0236  0.0044 <.001

Not for-profit 0.0046 0.002 0.02
Staffing: Registered Nurses®?¢ (ref: 2.08-2.31)

0.00-0.23 0.0623  0.0156 <.001

0.23-0.46 0.0423  0.0135 <.001

0.46-0.69 0.0343  0.0133 0.01

0.69-0.92 0.0314  0.0133 0.02

1.85-2.08 0.0296  0.0162 0.07
Staffing: Licensed Practical Nurse®d

Continuous -0.1504 0.0199 <.001

Squared 0.1708 0.0215 <.001
Staffing: Certified Nurse Aide®d

Squared 0.0371  0.0282 0.19

Location Characteristics
Market competition® (in county, ref: 8050-10000)
2,003.4-4,000.0 0.0265 0.009 <.001
Other Predictors
Quarter of assessment
(time trend, ref: Q4 2013)
Q4 2010 0.0929  0.0041 <.001
Note: Adjusted R .03. @8Behavioral problem-related items reference “behavior not exhibited”; PCapped at
1 (100% occupancy); Highest 1% of values excluded as outliers; dMeasured in full-time equivalent hours
per resident per day; eStandardized and divided into 10 categories by value, with highest as the
reference; Herfindahl Index, standardized and divided into 5 categories by value, with highest as the
reference.

Interpretation: Verbal behavioral problems (>4 days of past 7) became positively associated compared
to behavior not exhibited (perhaps behavioral problems are acting a proxy for a worse infection and the
state fixed effects reflect the culture/ perceptions around severity by state). Chain membership and
ownership now associated with isolation precautions. Facility size has a much weaker relationship.
Nursing homes are now more likely to use isolation precautions at lower registered nurses staffing levels
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(compared to the highest staffing level). Larger betas for licensed practical nurses staffing and smaller
beta for certified nurse aides.
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Appendix P Robustness check: Centers for Medicare and Medicaid regional fixed effects.
Dependent variable: Isolation precautions
The final regression sample included 10 regions and 188,059 observations
Facility-Level Fixed Effects
Predictor B SE P
Resident Demographics
Race (ref: White, Not Hispanic)
American Indian or Alaskan Native -0.0547 0.0131 <.001
Black, Not Hispanic 0.0129 0.0028 <.001

Clinical Characteristics
Behavioral problem: Verbal?

Occurred 24 of last 7 days 0.0275  0.0078 <.001
History of MDRO-positive MDS Assessment
(before current assessment) -0.025  0.0022 <.001
Indwelling catheter 0.0161 0.0019 <.001
Long-stay Status (> 100 days in facility) -0.0118  0.0025 <.001

Facility Characteristics

Chain membership -0.0337  0.0017 <.001
Citation on last inspection: Infection control 0.0106  0.0016 <.001
Citation on last inspection: Care quality 0.0027 0.0017 0.10
Facility size (number of beds) -0.0486 0.0046 <.001
Occupancy rate® (ref: 95.1-100%)

Continuous 0.2841  0.0393 <.001

Squared -0.2983  0.0266 <.001
Ownership Status (ref: For-profit)

Government -0.0197 0.0143 0.17

Not for-profit 0.0239  0.0086 0.01
Staffing: Registered Nurses®?¢ (ref: 2.08-2.31)

0.00-0.23 0.054  0.0157 <.001

0.23-0.46 0.0375  0.0135 0.01

1.85-2.08 0.0406  0.0163 0.01

Top 1% of RN staffing levels -0.0173 0.0124 0.16
Staffing: Licensed Practical Nurse®¢

Continuous -0.1757 0.019 <.001

Squared 0.1922 0.021 <.001
Staffing: Certified Nurse Aide®d

Continuous -0.0666 0.0285 0.02

Squared 0.0497  0.0282 0.08

Top 1% of Aide staffing levels 0.0218 0.0166 0.19

Location Characteristics
Elderly per square miled¢(65+ years, in county, ref:
359.33-396.13)
158.57-197.96 -0.1104  0.0092 <.001
Other Predictors
Quarter of assessment
(time trend, ref: Q4 2013)
Q4 2010 0.0903  0.0041 <.001
Note: Adjusted R .04. @8Behavioral problem-related items reference “behavior not exhibited”; PCapped at
1 (100% occupancy); “Measured in full-time equivalent hours per resident per day; Highest 1% of values
excluded as outliers, then standardized. ¢Divided into 10 categories by value, with highest as the
reference.
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Interpretation: Verbal behavioral problems (>4 days of past 7) became positively associated compared
to behavior not exhibited (perhaps behavioral problems are acting a proxy for a worse infection and the
state fixed effects reflect the culture/ perceptions around severity by region). History of multidrug resistant
organism (MDRO) infection has a stronger negative relationship, which again can be due to cultural
differences/perceptions (of quality of life) by region. Indwelling catheter is a stronger positive predictor
and long-stay status is a stronger negative predictor. Chain membership (negative), infection control-
related and quality citations (positive) and ownership now associated with isolation precautions. Facility
size has a much weaker relationship. NHs are now more likely to use isolation precautions at lower
registered nurse (RN) staffing levels (compared to the highest staffing level). This robustness check has
larger betas for licensed practical nurse (LPN) staffing and smaller beta for certified nurse aides (CNAS).
The top 1% indicators of staffing variables (RN, LPNs and CNAs) are no longer significant.
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Appendix Q Sampling overview of random 10% nursing home sample

Observations Facilities Individuals % of Obs.
. With Exclusion Criteria
Sample Observations MDRO
Thousands
( ) 10% Random Sample
2500 2,100,498 1,435 651,438 1.36 of Nursing Homes
.................................................................................................................................................................... . Age < 65 years old)
1,769,142 1,433 549,583 1.22
2.000 - o . Assessment Type*
. 1,651,328 1,433 547,297 1.16 - Facility Size (<25
\ R and >320 beds**)
1,500 - + Short-stay residents
etz Lhs L asee (< 100 days)
1,084,347 1,407 142,200 0.73
1,000 -
500 - =— Included Sample
0 -

*Observations that are a significant change in status assessment or missing assessment type were excluded.
** 98t percentile is included
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Appendix R Multidrug-resistant organisms infection predictors by outcome definition (current vs. future MDRO infection)

All MDRO Infection N(.) MDRO Current MDRO No Current
On Next Infection On Next . .
Assessments Assessment Assessment Infection MDRO Infection P
(N=1,084,347) (26,397) (o035, 655) (n=7,865) (n=1,076,351)
Resident Mean SD Mean SD Mean SD P Mean ) Mean ) =
Demographics
Age in years 8356 857 8159  8.67 83.46 855  .132 81.58 8.73 83.58 857 <.001
N % N % N % P N % N % P
Female gender 788,084 72.68 4,123 6445 683,181 73.02 <.001 5045  64.14 782,941 7274 <.001
Race
American Indian
o Alackan Negve 4538 042 31 0.48 3,882 0.41 <.001 39 0.50 4,498 042 579
Asian 13,603  1.25 41 064 11,731 125 <.001 54 069 13549 126 .001
Black 119,049 10.98 530 8.29 103542 11.07 .642 674 857 118,372 11.00 <.001
Hispanic 53466  4.93 328 513 46,209 494 819 406 516 53,059 493 0.602
Native Hawaiian/ 2631  0.24 17 0.27 2,251 024 682 17 0.22 2,614 024  .785
Pacific Islander
White 875,911 80.78 5,350 83.63 754,684 80.66 .534 6,554  83.33 869,234 80.76 .001
Clinical
. Mean SD Mean SD Mean SD P Mean SD Mean SD P
Characteristic
Activities of daily
living support 1688  7.17 1883  6.10 16.69 720 576 19.38 5.79 16.86 718 <.001
long-form score
(0-28)a
N % N % N % P N % N % P
Admissions 77416  7.14 799 1249 76610 819  .028 1,088  13.83 76322 7.09 <.001
assessment
2)’:;';’;%‘:2 61502  12.74 847 3150 48683  12.78 537 1,642 4654 59853 12.49 <.001
Dementia
dlagnosis 677686 62.52 3164 4950 582146 62.24 .002 3,955  50.31 673,712 62.61 <.001
aggféiiss'v'e”'t“s 346857 32.00 2837 4436 297655 31.82 .183 3551 4516 343247 31.90 <.001
Dialysis received 15419 115 208 3.26 10112  1.09 <.001 272 3.47 12,146 114 <.001

in facility
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MDRO Infection

No MDRO

All On Next Infection On Next Current MDRO No Current
Assessments Assessment Assessment Infection MDRO Infection P
(N=1,084,347) (n=6.397) (n=935,655) (n=7,865) (n=1,076,351)

N % N % N % P N % N % P
m;ztgtrlg:f MDRO 2740 071 2080 3256 4133 044 <.001 3605 4593 4137 038 <.001
Indwelling
catheter 94676 8.73 1875 29.31 79259 8.47 <.001 2,773 35.26 91,880 8.54 <.001
Understood 583391 53.80 3759 58.76 509248 54.43 547 4,594 58.41 578,704 53.77 <.001
\é\gi?ge(;:gs'” 74475  6.88 201 315 65607  7.02  .387 234 299 74232 691 <.001
Wounds 108630 10.02 1937 30.28 89465 9.56 .001 2,808 35.71 105,809 9.83 <.001

Other Predictors
Quarter of
assessment (time -- -- -- -- -- -- .225 -- -- -- -- <.001
trend)
Month of
assessment -- -- -- -- -- -- .581 -- -- -- -- <.001

(seasonality)

Notes: Representing 142,200 unique residents in 1,407 facilities. 2Self performance on all activities is zero on the activities of daily living support

long-form score and higher score indicates more support is needed. MDRO = multidrug resistant organism; SD = standard deviation; CMS =

Centers for Medicare and Medicaid Services.
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Appendix S Functional forms of association between continuous variables and probability of multidrug resistant organism
(MDRO) infection
(preliminary main effects multiple variable regression with facility-level clustered robust standard errors)

Relationship with MDRO Infection




.81
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Facility Characteristics:

Facility Size (number of beds)2

Facility Characteristics:

Occupancy Rateab
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Facility Characteristics:

Staffing: Registered Nursesac
(Full time equivalent hours per resident per day)
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Facility Characteristics:
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Facility Characteristics:

Staffing: Certified Nurse Aide?a¢
(Full time equivalent hours per resident per day)

Location Characteristics:

Elderly per Square Mileac
(65+ years, in county)
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Location Characteristics: Location Characteristics:
Market Competitiondf 0.0018 Median Household Income? (in county)
(in county) 0.0016
0.0014
0.0008 0.001
0.0008
0.0006 0.0006
0.0004 0.0004
0.0002
0.0002 0
G N\ Q >
° S ¥ A q,@% ¥
-0.0002 o O P N N>
) (3% W o G
-0.0004 o A > bq,'b «@‘b qrﬁv
S &9 &9 o) Q
-0.0006 s o
-0.0008
Other: Other:
Month Quarter
(Indicates seasonality) (Indicates Time Trend)
0.005
0.0045
0.004
0.0035
0.003
0.0025
0.002
0.0015
0.001
0.0005
0
O N N AN MO 9090900 0D
N N N N N N N N N N N N N
NN AN e N AR e e e AR e IR e e

Note: All categories are comprehensive within the final sample. a8Standardized and divided into 10 categories by value, with highest as the
reference; "Capped at 1 (100% occupancy); °Highest 1% of values excluded as outliers; 9Standardized and divided into 5 categories by value, with
highest as the reference. Herfindahl index indicates complete market share of beds in the county and lower number indicates a more competitive
market.



Appendix T Results of full multiple variable regressions

(1) with facility-level clustered robust standard errors and (2) facility-level fixed effects.
Dependent variable: Multidrug resistant infection on the current assessment

The final regression sample included 1,404 unique Nursing Homes, 931,569 observations.

(2) Facility-Level Fixed
(1) Facility clustered SEs Effects
Predictor (present on the previous
assessment) B SE P B SE P

Clinical Characteristics
Activities of daily living: Bed
mobility?
Support needed/activity did not
occur 0.0008 0.0004 .05 0.0006 0.0004 .15
Activities of daily living:
Dressing®

Supervision needed -0.0006 0.0004 .11 0.0004 0.0004 .39
Support needed/activity did not

occur 0.0001 0.0005 .9 0.0002 0.0005 .68
Activities of daily living: Eating®

Supervision needed -0.0004 0.0003 .19 0.0002 0.0003 .47
Support needed/activity did not

occur 0.0001 0.0004 .88 0.0001 0.0002 .58
Activities of daily living:

Hygiene®

Supervision needed 0.0002 0.0004 .56 0.0002 0.0004 .58
Support needed/activity did not -

occur 0.0005 0.0005 .3 0.0007 0.0004 .12
Activities of daily living:

Locomotion?

Support needed/activity did not

occur 0.0005 0.0003 .05 0.0006 0.0002 .02
Activities of daily living:

Tolieting?

Support needed/activity did not

occur 0.0005 0.0004 .24 0.0006 0.0004 .13
Activities of daily living:

Transfer?

Support needed/activity did not

occur -0.0002 0.0004 .6 0.0003 0.0004 .53

Admissions assessment -0.0012 0.001 .24 0.0016 0.0007 .03
Antibiotics Received (in past 7
days or since admission/entry or

reentry) 0.0051 0.0007 <.001 0.0048 0.0004 <.001
Antibiotics missing 0.0002 0.0003 .55 0.0002 0.0003 .53
Dementia diagnosis, Alzheimer’'s -0.001 0.0003 <.001 0.0008 0.0002 <.001
Dementia diagnosis, not -

Alzheimer’s -0.0005 0.0002 .05 0.0005 0.0002 .01
Diabetes Mellitus diagnosis 0.0032 0.0006 <.001 0.003 0.0004 <.001
Dialysis received in facility 0.0055 0.0018 <.001 0.0052 0.0008 <.001
History of MDRO-positive MDS

assessment (before current) 0.324 0.0253 <.001 0.3094 0.001 <.001
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(2) Facility-Level Fixed

(1) Facility clustered SEs Effects

Predictor (present on the previous

assessment) B SE P B SE P
Indwelling devices
Indwelling catheter 0.0107 0.0012 <.001 0.0105 0.0004 <.001
Intermittent catheter 0.0107 0.0039 .01 0.0101 0.0015 <.001
Intravenous medication 0.0217 0.0022 <.001 0.0215 0.0008 <.001
Ostomy 0.0041 0.0014 <.001 0.004 0.0007 <.001
Tracheostomy 0.011 0.0057 .05 0.0142 0.0015 <.001
Number of assessments per
resident® (ref: 31-34 assessments)
1-4 0.0079 0.0021 <.001 0.0092 0.0058 .12
5-7 0.0057 0.0021 .01 0.0072 0.0058 .22
8-10 0.0049 0.0021 .02 0.0062 0.0058 .29
11-14 0.004 0.0021 .05 0.0054 0.0058 .36
15-17 0.0039 0.0022 .08 0.005 0.0058 .39
18-20 0.0048 0.0024 .05 0.0061 0.0059 .3
21-24 0.0032 0.0027 .24 0.0042 0.0059 .48
25-27 0.0003 0.0025 .92 0.0019 0.0061 .76
28-30 0.0044 0.0049 .38 0.0034 0.0065 .61
Ability to make self understood
(ref: Is understood)
Usually 0 0.0003 .93 0.0002 0.0002 .38
Sometimes/rarely/never -0.0004 0.0004 .35 0.0003 0.0003 .22
Wandering (ref: No wandering)
1-3 days of last week -0.0005 0.0004 .27 0.0005 0.0005 .28
4-6 days of last week -0.0009 0.0006 .13 0.0009 0.0007 .23
Daily wandering in last week -0.0008 0.0004 .03 0.0005 0.0005 .3
Wounds
Burn (of skin) -0.0023 0.0046 .61 0.0024 0.0034 .47
Diabetic foot ulcer 0.0148 0.0042 <.001 0.015 0.0014 <.001
Non-diabetic open lesion on foot 0.0031 0.0018 .09 0.0028 0.001 .01
Pressure ulcer 0.0077 0.0009 <.001 0.0076 0.0004 <.001
Surgical wound 0.0097 0.0014 <.001 0.0097 0.0006 <.001
Venous-Arterial Ulcer 0.0115 0.0017 <.001 0.0116 0.0007 <.001
Open lesions other than ulcers,
rashes and cuts 0.0048 0.0011 <.001 0.005 0.0006 <.001

Facility characteristics
Chain membership -0.0006 0.0006 .29 0.0001 0.0005 .8
Deficiency citation
Infection control 00005  0.0005 .26  0.0002 0.0002 .3
Care quality 0.0003 0.0005 .59 0.0002 0.0002 .31
Facility size¢ (number of beds, ref:
296-320)
25-54 -0.0012 0.0014 .38 0.0016 0.0058 .78
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(2) Facility-Level Fixed

(1) Facility clustered SEs Effects

Predictor (present on the previous

assessment) B SE P B SE P
55-83 -0.0002 0.0014 .87 0.0011 0.0053 .84
84-113 0.0002 0.0013 .86 0.0041 0.0052 .43
114-142 0.0001 0.0013 .96 0.0032 0.005 .52
143-172 -0.0011 0.0014 .43 0.0034 0.005 .5
174-201 0 0.0014 1 0.0007 0.0044 .87
202-231 0.0011 0.0018 .54 0.0068 0.0044 .12
238-258 0.0107 0.0066 .1 0.0008 0.0032 .8
266-290 0.0102 0.0067 .13 0.0155 0.0033 <.001
Occupancy rate®d (ref: 95.05-
100%)
3.21-33.57% -0.0018 0.0022 .42 0.0007 0.0037 .85
34.29-46.37% -0.0004 0.0012 .76 0.0006 0.0017 .74
46.51-56.05% -0.0008 0.0008 .3 0.0009 0.0011 .43
56.25-64.42% -0.0005 0.0009 .59 0.0015 0.0009 .09
64.44-71.62% 0.0003 0.0009 .77 0.0002 0.0007 .76
71.67-78.16% 0.0001 0.0007 .91 0.0008 0.0006 .18
78.23-84.17% 0.0009 0.0007 .19 0.001 0.0005 .05
84.19-89.77% 0.0004 0.0006 .52 0 0.0004 .98
89.80-95.00% 0.0017 0.0008 .03 0.0002 0.0004 .54
Ownership status (ref: For-profit)
Government 0.0022 0.0027 .42 0.0019 0.0016 .22
Not for-profit 0.0012 0.0009 .19 0.0006 0.0009 5
Staffing: Registered nurses®®ef
(ref: 0.46-0.69)
0.00-0.23 -0.0062 0.0052 .23 0.0033 0.0055 .54
0.23-0.46 -0.005 0.0052 .34 0.0013 0.0055 .81
0.69-0.92 -0.0046 0.0052 .37 0.0012 0.0054 .82
0.92-1.15 -0.0035 0.0053 51 -0.001 0.0054 .86
1.15-1.38 -0.0034 0.0052 .52 0.0013 0.0054 .82
1.39-1.60 -0.0042 0.0052 0.42 0.0011 0.0055 0.84
1.62-1.81 -0.0028 0.0054 .6 -0.001 0.0055 .85
1.84-2.06 -0.0035 0.0061 .56 0.0022 0.0058 .71
2.09-2.29 -0.0049 0.0066 .46 -0.007  0.006 .25
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Predictor (present on the previous

(1) Facility clustered SEs

(2) Facility-Level Fixed
Effects

assessment) B SE P B SE P

Top 1%of RN Staffing 0.0019 0.0018 .31 0.001 0.003 .75
Staffing: Licensed practical
nurse®®f (ref: 0.61-0.82)
0.00-0.20 -0.0055 0.005 27 -0.006 0.0024 .01
0.21-0.41 -0.007 0.0049 .15 0.0059 0.0023 .01
0.41-0.61 -0.0067 0.0049 .17 0.0062 0.0022 .01

- <.001
0.82-1.02 -0.0061 0.0048 .21 0.0066 0.0022

- <.001
1.02-1.23 -0.0055 0.0048 .26 0.0064 0.0022

- <.001
1.23-1.43 -0.004 0.0049 4 0.0063 0.0022

- <.001
1.44-1.64 -0.0082 0.0049 .1 0.0072 0.0023

- <.001
1.65-1.84 -0.0083 0.0049 .09 0.0072 0.0024
1.85-2.05 -0.009 0.0052 .08 0.0083 0.003 .01
Top 1% of LPN Staffing -0.0017 0.0017 .34 0.0018 0.002 37
Staffing: Certified nurse aide®®f
(ref: 1.96-2.45)
0.00-0.48 0.0032 0.0027 .24 0.0082 0.0036 .02
0.5-0.96 0.0021 0.0026 .41 0.0087 0.0035 .01
0.99-1.47 0.0011 0.0026 .67 0.0071 0.0035 .04
1.47-1.96 0.0011 0.0027 .68 0.0094 0.0036 .01
2.45-2.94 0.0003 0.0028 .92 0.0091 0.0036 .01
3.90-4.14 0.0009 0.0034 8 0.0111 0.0038 <.001
3.44-3.93 0.0024 0.0036 .51 0.0086 0.0041 .04
3.93-4.41 0.0039 0.0036 .27 0.0076 0.0038 .04
4.42-4.91 -0.0025 0.0034 .46 0.0021 0.0055 .7
Top 1% of CNA staffing -0.0032 0.0013 .01 0.0013 0.0018 .47

Resident demographics

Age in years (ref: 100-117)
65-69 -0.0009 0.0006 .14 -0.001 0.0004 .01
70-74 -0.0005 0.0005 .31 0.0009 0.0004 .02
75-79 -0.001 0.0005 .06 0.0013 0.0004 <.001
80-84 -0.0007 0.0005 .19 -0.001 0.0004 .01

- <.001
85-89 -0.001 0.0005 .06 0.0014 0.0004

- <.001
90-94 -0.0018 0.0006 <.001 0.0021 0.0005
95-99 -0.0018 0.001 .06 0.0021 0.0008 .01
Female gender -0.0007 0.0003 0.03 0.0009 0.0002 <.001
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(2) Facility-Level Fixed

(1) Facility clustered SEs Effects

Predictor (present on the previous

assessment) B SE P B SE P
Race (ref: White, Not Hispanic)
American Indian or Alaskan Native  ,0017 0.0021 0.44  0.0002 0.0015 0.87
Asian -0.0028  0.0011 001 00014 0.0009 .13
Black, not Hispanic -0.0019 0.0004 <.001 -0.001 0.0003 <.001
Native Hawaiian/ Pacific Islander -0.0006 0.0026 0.83 0.0012 0.0017 0.47
Unknown, not Hispanic 0.0002 0.0009 .8 0.0002 0.0007 .82
Black, Hispanic -0.0049 0.0015 <.001 0.0029 0.0116 .8
Hispanic, Unknown Race -0.0041 0.002 .04 -0.003 0.0032 .35
Unknown Race/Ethnicity -0.0005 0.0009 .56 0.0007 0.0005 .12

Location Characteristics
Elderly per square mile®f (65+
years, in county, ref: 383.68-
396.13)
0.2-183.67 0.0019 0.0019 .32 0.0596 0.0078 <.001
187.55-231.65 0.0001 0.002 .95 0.0607 0.0075 <.001
232.02-261.41 0.0003 0.002 .87 0.061 0.0074 <.001
265.68-289.66 0.0003 0.0026 .9 0.0589 0.0071 <.001
291.96-312.94 -0.0004 0.0021 .84 0.0573 0.007 <.001
314.73-328.18 0.0029 0.0057 .61 0.014 0.0027 <.001
335.28-351.26 -0.0021 0.003 .49 0 . .
359.61-359.61 0.027 0.0142 .06 0.0241 0.0068 <.001
368.79-379.87 0.0067 0.0028 .02 0.0058 0.0021 <.001
Market Competition9" (in county,
ref: 10,000)
3-2,000 0.0006 0.0008 .42 0.0015 0.0012 .22
2,004-4,000 0.0008 0.0008 .36 0.0008 0.001 A4
4,008-5,969 0.0003 0.0009 .75 0.0011 0.0009 .22
6,050-7,754 -0.0007 0.0008 .36 0.0013 0.0012 .28
Median household income? (in
county, ref: $ 109,251- $130,268)
$23,528- $44,874 0.0013 0.0026 .63 0.0062 0.0037 .09
$44,887-$66,150 0.002 0.0023 .39 0.0079 0.0036 .03
$66,245-$87,410 0.0017 0.0023 .46 0.009 0.0033 .01
$87,589- $102,592 0.0015 0.0025 .55 0

Other Predictors
Quarter of assessment
(time trend, ref: Q4 2013)
Q4 2010 0.0044 0.0015 <.001 0.0038 0.001 <.001
Q12011 0.0029 0.0013 .02 0.0026 0.001 .01
Q2 2011 0.0022 0.0012 0.08 0.0019 0.001 .06
Q32011 0.0016 0.0012 0.2 0.0013 0.001 19
Q4 2011 0.0018 0.0012 .14 0.0015 0.001 A2
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(2) Facility-Level Fixed
(1) Facility clustered SEs Effects
Predictor (present on the previous

assessment) B SE P B SE P
Q12012 0.0015 0.0012 .24 0.0012 0.001 22
Q2 2012 0.0007 0.0012 .55 0.0005 0.001 .61
Q3 2012 0.0012 0.0012 .32 0.001 0.001 3
Q4 2012 0.0005 0.0012 0.64 0.0004 0.001 0.7
Q1 2013 0.0002 0.0011 0.85 0.0001 0.001 0.89
Q2 2013 -0.0005 0.0012 .69 0.0006 0.001 .56
Q3 2013 -0.0008 0.0011 .46 -0.001 0.001 3

Interaction terms
Age and Diabetes -0.0006 0.0001 <.001 0.0006 0.0001 <.001
Admissions assessment and
median household income 0.0076 0.0036 .04 0.0083 0.0025 <.001
Admissions assessment and elderly -
per square mile -0.0029 0.002 14 0.0022 0.0013 .08

Constant -

0.001 -0.0007 .0089 0.94 0.0683 .013

N 931569 931569

I 106903

1063185 2

Note: Adjusted R2: Model 1) .11 Model 2) .10. Model 2 C-statistic: .78. All categories are comprehensive
within the final sample. Activities of daily living reference categories are ‘independent’/”supervision
needed” or P “independent”; °Standardized and divided into 10 categories by value, with highest as the
reference; dCapped at 1 (100% occupancy); €eMeasured in full-time equivalent hours per resident per day;
Highest 1% of values excluded as outliers; 9Standardized and divided into 5 categories by value, with
highest as the reference; "Herfindahl Index.
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Appendix U Joint contribution tests from full linear probability model with facility fixed effects.
Dependent Variable: multidrug resistant organism infection

Joint Contribution to M2

Predictor (present on the previous F-score Probability > F
assessment)
Resident Demographics
Age in Years 3.44 .0011
Race/ Ethnicity 1.70 .0825

Clinical Characteristics
Activities of daily living:

Dressing 1.64 .1939
Eating 0.31 .7335
Hygiene 1.56 .2109
Dementia diagnosis 9.73 .0001
Indwelling Devices 337.65 <.001
Number of assessments per resident 22.19 <.001
Ability to make self understood 0.92 .3968
Wandering 1.08 .3559
Wounds 186.20 <.001
Facility Characteristics
Facility size (number of beds) 3.82 .0001
Occupancy rate! 2.19 .0196
Ownership Status 0.82 4406
Staffing?
Registered Nurses 1.26 .2523
Licensed Practical Nurses 157 1165
Certified Nurse Aides 3.52 .0002
Location Characteristics
Elderly per square mile? (65+ years, in county) 11.32 <.001
Market competition? (in county) 1.83 .1200
Median household income (in county) 5.11 .0016
Other Predictors
Quarter of assessment (time trend) 13.47 <.001
Interaction terms
Admissions vs. county-level variables 5.61 .0037

Note: Adjusted R?: .10, C-statistic: .78.1Capped at 1 (100% occupancy); 2Highest 1% of values excluded
as outliers; 3Herfindahl Index.
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Appendix V Robustness check: Definition of long-stay residents
Dependent variable: Multidrug resistant infection on the current assessment
The final regression sample included 842,903 observations.

Facility-Level Fixed Effects
Predictor (present on the previous
assessment) B SE P
Location Characteristics

Elderly per square mile'(65+ years, in
county, ref: 383.68-396.13)

187.55-231.65 0.0012 0.0019 .54
232.02-261.41 0.0007 0.0022 74
265.68-289.66 -0.0017 0.0031 .59
291.96-312.94 -0.0034 0.0034 31
314.73-328.18 -0.0551 0.0073 <.001

Median household income? (in county,
ref: $ 109,251- $130,268)
$66,245-$87,410 0.0013 0.0016 44
Note: Adjusted RZ: .10. tStandardized and divided into 10 categories by value, with highest as the
reference. Highest 1% of values excluded as outliers; 2Standardized and divided into 5 categories by
value, with highest as the reference.

Interpretation: These results are robust with regard to clinical and facility predictors.
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Appendix W Robustness check: Admissions assessment exclusion
Dependent variable: Multidrug resistant organism infection on the current assessment
The final regression sample included 854,615 observations.

Facility-Level Fixed Effects

Predictor (present on the previous assessment) B SE P
Clinical Characteristics
Wounds
Surgical wound 0.0127 0.0008 <.001

Note: Adjusted RZ: .10. All categories are comprehensive within the final sample. Activities of daily living
reference categories are ! “independent”/”supervision needed” or 2 “independent”; 3Standardized and
divided into 10 categories by value, with highest as the reference; “Capped at 1 (100% occupancy);
5Measured in full-time equivalent hours per resident per day; SHighest 1% of values excluded as outliers;
’Standardized and divided into 5 categories by value, with highest as the reference.

Interpretation: Surgical wound(s) was a stronger predictors of MDRO. This is intuitive as most surgical

wounds would have healed by the time of a quarterly or annual assessment except those that are
complicated (i.e., due to infection).
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Appendix X Robustness check: Exclusion of residents with an MDRO infection on the previous
assessment.

Dependent variable: Multidrug resistant organism infection on the current assessment

The final regression sample included 924,976 observations.

Facility-Level Fixed Effects

Predictor (present on the previous assessment) B SE =)
Resident Demographics
Female gender -0.0003 0.0002 .06

Clinical Characteristics

Activities of daily living: Locomotion (ref:
independent’/”’supervision needed”)

Support needed/activity did not occur 0 0.0002 .89
Antibiotics Received (in past 7 days or since admission/entry <.001
or reentry) 0.0022 0.0003
Antibiotics missing -0.0008 0.0002 <.001
Diabetes Mellitus diagnosis 0.0019 0.0003 <.001
History of MDRO-positive MDS assessment
(before current assessment) 0.0936 0.0011 <.001
Indwelling devices

Indwelling catheter 0.0069 0.0003 <.001

Intermittent catheter code 0.0052 0.0012 <.001

Intravenous medication 0.0078 0.0007 <.001

Tracheostomy 0.0093 0.0012 <.001
Wounds <.001

Diabetic foot ulcer 0.0089 0.0011 <.001

Pressure ulcer 0.0043 0.0003 <.001

Surgical wound 0.0054 0.0005 <.001

Open lesions other than ulcers, rashes and cuts 0.0021 0.0005 <.001

Facility Characteristics
Facility size® (hnumber of beds, ref: 296-320)
266-290 0.006 0.0026 .02
Location Characteristics
Elderly per square mile?? (65+ years, in county, ref: 383.68-

396.13)
0.2-183.67 0.0174 0.0062 <.001
187.55-231.65 0.0196 0.006 <.001
232.02-261.41 0.019 0.0059 <.001
265.68-289.66 0.0162 0.0056 <.001
291.96-312.94 0.013 0.0055 .02
359.61-359.61 0.0019 0.0055 72
Market competition® (in county, ref: 10,000)
4,008-5,969 0.0016 0.0013 2
Interaction terms
age diabetes -0.0003 0.0001 <.001

Note: Adjusted R2: .01. All categories are comprehensive within the final sample. 28Standardized and
divided into 10 categories by value, with highest as the reference; "Highest 1% of values excluded as
outliers; Herfindahl Index, standardized and divided into 5 categories by value, with highest as the
reference.

Interpretation: Activities of daily living, receiving antibiotics and having a history of MDRO had weaker or
no relationships with MDRO infection. This is not surprising as these factors are likely change with MDRO
infection. Wounds and female gender were more predictive, as both represent susceptibility to infection.
Antibiotics being missing was inversely related to MDRO infection (which is intuitive because if there was
an infection NH staff would be cautious not to miss this item).
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Appendix Y Robustness check: State fixed effects
Dependent variable: Multidrug resistant organism infection on the current assessment
The final regression sample included 931,569 observations.

Facility-Level Fixed Effects
Predictor (present on the previous assessment) B SE P

Facility Characteristics
Deficiency Citation

Infection control 0.0007 0.0002 <.001
Facility size2 (number of beds, ref: 296-320)

238-258 0.0109 0.0008 <.001
Occupancy rate®? (ref: 95.05-100%)

64.44-71.62% 0.0014 0.0004 <.001

71.67-78.16% 0.0009 0.0004 .02

84.19-89.77% 0.0011 0.0003 <.001

89.80-95.00% 0.002 0.0003 <.001

Location Characteristics

Elderly per square mile®¢ (65+ years, in county, ref:
383.68-396.13)

0.2-183.67 0.0026 0.0008 <.001
187.55-231.65 0.0011 0.0008 A7
232.02-261.41 0.0013 0.0009 14
265.68-289.66 0 0.001 .97
291.96-312.94 -0.0007 0.0011 .52
314.73-328.18 0.0022 0.0015 A3
Market competition® (in county, ref: 10,000)
4,008-5,969 -0.001 0.0023 .66

Note: Adjusted R?: .11. aStandardized and divided into 10 categories by value, with highest as the
reference; °Capped at 1 (100% occupancy); °Highest 1% of values excluded as outliers; dHerfindahl Index
standardized and divided into 5 categories by value, with highest as the reference.

Interpretation: The results are robust excepting the change in infection control citations and occupancy.
However, these are not unexpected. Within states, the variation in infection control citations will be more
due to nursing homes (NH) practices rather than state policies/inspection practices etc. Further, after
having adjusted for NH supply and market demand, higher occupancy should indicate higher quality (as
more individuals chose these NHs). Higher occupancy has previously been associated with reduced
vancomycin resistant enterococci (VRE) and Methicillin-resistant Staphlococcus auerus (MRSA) risk,%0
and here is associated with reduced multidrug resistant organism infection risk.
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Appendix Z Robustness check: Centers for Medicare and Medicaid Regions fixed effects.
Dependent variable: Multidrug resistant organism infection on the current assessment
The final regression sample included 931,569 observations.

Facility-Level Fixed Effects
Predictor (present on the previous assessment) B SE p

Facility Characteristics
Deficiency Citation

Infection control 0.0007 0.0002 <.001
Facility size? (number of beds, ref: 296-320)

238-258 0.0106 0.0008 <.001
Occupancy rate®? (ref: 95.05-100%)

64.44-71.62% 0.0014 0.0004 <.001

71.67-78.16% 0.0011 0.0004 <.001

84.19-89.77% 0.0012 0.0003 <.001

89.80-95.00% 0.0021 0.0002 <.001
Staffing: Certified nurse aide®°< (ref: 4.74-4.91)

3.90-4.14 0.0009 0.0029 .76

Location Characteristics

Elderly per square mile®d (65+ years, in county, ref:
383.68-396.13)

0.2-183.67 0.0009 0.0007 17
187.55-231.65 0.0001 0.0007 .86
232.02-261.41 -0.0002 0.0008 .82
265.68-289.66 -0.0015 0.0009 A1
291.96-312.94 -0.0028 0.001 <.001
314.73-328.18 0.001 0.0013 A7

Note: Adjusted R2: .11. All categories are comprehensive within the final sample. 2Standardized and
divided into 10 categories by value, with highest as the reference; PCapped at 1 (100% occupancy);
cHighest 1% of values excluded as outliers; dMeasured in full-time equivalent hours per resident per day.

Interpretation: The results are robust excepting the change in infection control-related citations and
occupancy. However, these are not unexpected. Within regions, the variation in infection control-related
citations will be more due to nursing home (NH) practices rather than surveyor training, inspection
practices etc. Further, after having adjusted for NH supply and market demand, higher occupancy should
indicate higher quality (as more individuals chose these NHs). Higher occupancy has previously been
associated with reduced vancomycin resistant enterococci (VRE) and Methicillin-resistant Staphlococcus
auerus (MRSA) risk,% and here is associated with reduced multidrug resistant organism infection risk.
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Additional Appendix A. State Focus on Health Care-Associated Infection Prevention in Nursing
Homes
The following appendix is a study lead by the author, which characterized the focus of state
departments of health on healthcare associated infection reduction in nursing homes. It describes
variation in these activities, information and policies, which may influence infection rates in nursing homes

across 50 states and the District of Columbia.

Note. The contents of this supplemental appendix are a manuscript accepted for publication by the
American Journal of Infection Control.

It is now published online as:

Cohen, C. C., Herzig, C. T., Carter, E. J., Pogorzelska-Maziarz, M., Larson, E. L., & Stone, P. W. (2014).
State focus on health care-associated infection prevention in nursing homes. American Journal of
Infection Control, 42(4), 360-365. doi: 10.1016/j.ajic.2013.11.024

This article is available online at: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4030678/
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Abstract
Background
Despite increased focus on healthcare-associated infections (HAI), between 1.6 and 3.8 million HAI occur
annually among the vulnerable population residing in U.S. nursing homes (NH). This study characterized
state department of health (DOH) activities and policies intended to improve quality and reduce HAI in
NH.
Methods
We created a 17-item standardized data collection tool informed by 20 state DOH websites, reviewed by
experts in the field and piloted by two independent reviewers (Cohen’s Kappa .45-.73). The tool and
corresponding protocol were used to systematically evaluate state DOH websites and related links.
Results
Three categories of data were abstracted: 1) consumer-directed information intended to increase
accountability of and competition between NH, including mandatory HAI reporting and NH inspection
reports, 2) surveyor training for federally-mandated NH inspections and 3) guidance for NH providers to
prevent HAI and monitor incidence. Only five states included HAI reporting in NH with differing HAI types
and reporting requirements.
Conclusions
State DOH information and activities focused on NH quality and reducing HAI was inconsistent.
Systematically characterizing state DOH efforts to reduce HAI in NH is important to interpret the effects of

these activities.
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Introduction

Healthcare-associated infections (HAI) are a major public health issue. Due to the high cost of
this largely preventable problem, there is much attention and investment in the reduction of HAI (1).
Infections represent the leading cause of morbidity and mortality among the vulnerable elderly population
residing in U.S. nursing homes (NH) (2). An estimated 1.6 to 3.8 million infections occur in U.S. NH each
year, resulting in approximately 388,000 deaths (3) with estimated costs of $38-$137 million for
antimicrobial therapy and $637 million-$2 billion for hospitalizations (4). Morbidity, mortality and the
financial burden associated with HAI in NH is likely to increase as the population of residents is expected
to grow from the current 1.7 million (2) to approximately 5.3 million in 2030 (5). Given that Umscheid, et.
al. (2011) found that approximately 55-70% of HAI are avoidable in other settings, effective infection
control and prevention resources as well as public policies aimed at NH, are likely critical in reducing
infections in NH (6).

In 2009, the U.S. Department of Health and Human Services (HHS) published its first National
Action Plan to Prevent Health Care-Associated Infections, which identified preventing HAI in hospitals as
the phase | priority; fortunately, some HAI rates have improved (7). These improvements are likely a
result of a myriad of interventions at the federal, state and institutional level. For example, many states
have mandated public reporting of some types of HAI (8). In order to receive preventive health services
block funds from the Centers for Disease Control and Prevention (CDC), states were required to submit
HAI prevention plans to the HHS in 2010. As a result, each state now has an HAI coordinator who
oversees implementation of HAI reduction infrastructure and associated activities as well as raises
awareness of HAI in the state (9). The 2013 updated HHS plan identifies long-term care as the next
priority setting in which to reduce HAI (7).

There are a number of ways in which a state department of health (DOH) may attempt to improve
the quality of care in NH and focus efforts aimed at decreasing HAI. These efforts may be broadly
characterized as actions and information targeted at consumers, providers, and surveyors, which may or

may not be formally articulated in the state HAI prevention plan.
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Consumer-directed information regarding NH quality may allow potential residents and their
families to ensure that they select a high quality facility that meets and continues to meet the potential
residents’ needs (10, 11). In this way, information regarding NH quality, including infection rates, can
foster competition and accountability among NH. Theoretically, NH may wish to attract clients through
appealing public quality measures, such as lowering rates of urinary tract infections in particular and
adapting clinical practice to achieve better quality measures in general (12). Information that may be
useful to inform consumer decisions includes: 1) a checklist and/or guidance materials developed for
consumers when choosing a NH, 2) a venue to file complaints (i.e., ombudsman) and 3) inspection report
data, which may be compiled in a facility report card. Given the theoretical link between quality indicator
availability and state DOH focus on NH, it is plausible that consumer information may indicate a focus by
state DOH on infection reduction as a component of overall NH quality.

Providers, which include NH clinicians, infection preventionists and administrators, may benefit
from state-provided trainings, guidelines and collaboratives that directly address techniques to monitor
and reduce HAI in NH. For example, Maryland’s Department of Health and Mental Hygiene offered a 3-
day basic training course regarding infection control in non-hospital settings (13). Although infection
preventionists may also seek information from other websites that specialize in infection control and
prevention, such as the CDC’s website, the information shown on a state DOH website may be beneficial
to raise awareness of resource availability.

State DOH may offer training and other resources to NH surveyors beyond that provided by
Centers for Medicare and Medicaid (CMS). Given that these surveyors perform onsite inspections of NH
in accordance with CMS regulations, additional training or materials may increase the efficiency and
consistency of the annual inspection process, which includes evaluation of infection control and
prevention policies and practices (14).

Considering the current high levels of HAI rates in NH settings, it is likely that activities,
information and public policies regarding infection control and prevention in NHs can be improved (15).
Therefore, the aim of this study was to survey state DOH websites with regard to information, resources
and quality indicators regarding HAI prevention in NH. Previous researchers have evaluated whether

availability of Medicare’s Nursing Home Compare website is associated with infection rates (16, 17).
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However, our study includes a much broader array of quality indicators, directed at different audiences.
Furthermore, although previous researchers have reviewed internet-based NH quality indicators (10, 18)
and infection control and prevention resources that may affect clinical practices in NHs (19), to our
knowledge, no investigator has described the diversity of state DOH activities and information focused on
reducing HAI in NH across states (10, 18, 19). Such information could be useful to infection
preventionists, especially those working as infection prevention coordinators in NH, to effectively use
these resources. Furthermore, this information may be useful to state DOH HAI advisory board members

and DOH staff in state HAI programs, both of which include infection preventionists.

Methods

This original investigation was conducted as part of Prevention of Nosocomial Infections and Cost
Effectiveness in Nursing Homes (PNICE-NH) study (National Institutes of Nursing Research, NINR,
RO1NR013687), which was previously approved by The Institutional Review Board of Columbia
University Medical Center.

Tool Development

We created a standardized data collection tool, which was informed by review of 20 state DOH
websites, to determine the types and breadth of infection control and prevention activities directed at NH.
To assure content validity, the tool was reviewed by experts in the field, each with extensive publications
regarding geriatric care and/or infection control. The initial tool was refined through an iterative piloting
process by two independent raters. Pilot testing was conducted with 5 state DOH websites. The final 17-
item tool had fair to excellent reliability (Cohen’s Kappa coefficients of 0.45-0.73).

A data collection protocol was created to ensure consistent abstraction of data from state DOH
websites and interpretation of the tool items by data abstractors. The protocol contained operational
definitions of state activities, information and policies related to HAI focus. The protocol also provided an
outline for navigating state DOH websites and documenting abstracted information.

Tool ltems
Items were organized by target audience of activities that focus on NH quality: consumers,

providers, and surveyors. The tool also included a section regarding state policies specific to HAI in NH.
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Consumer information included checklists and guidance materials used to choose a NH, a venue for
complaints against facilities (ombudsman), and inspection data, i.e., inspection reports, report cards and
links to Medicare’s Nursing Home Compare. We noted the format in which NH quality indicators were
presented, i.e., on a report card or in another format.

Provider-directed information included data or descriptions of collaboratives or advisory boards
focused on HAI reduction in NH and training or guidance materials for appropriate infection control and
prevention practices in this setting. Surveyor-focused information contained training materials to complete
NH inspections. Public policy items identified HAI reporting laws in NH and determined whether the state
HAI prevention plan addressed long-term care.

Data Collection

Data were systematically abstracted from 50 state and District of Columbia DOH websites. If a
first reviewer found it difficult to identify activities and information related to state DOH focus on NH, for
example, when links of interest had low visibility within the DOH website, when these links were
organized with unrelated information or finding them required multiple keyword searches within the
website, a second reviewer also independently abstracted data from the website (n = 11). In cases of
disagreement, website content was reviewed and discussed to reach consensus. Establishing whether
states required HAI reporting in NH and distinguishing between state mandatory reporting and notifiable
conditions was particularly difficult. For example, state HAI reporting forms for providers available on the
DOH website may list the conditions of interest and request case information without explicitly stating the
type of reporting for which the form should be used. Hence, state HAI coordinators in 23 states were
contacted by phone and email to provide clarification. All data were collected and compiled between
November 2012 and January 2013.

Data Analysis
Descriptive statistics and Cohen’s Kappa coefficients were computed using SAS 9.2 (20).
Results
Consumer-Directed Information
Table 1 provides an overview of the information on state DOH websites to help potential residents

and their caregivers assess NH quality and choose a NH. For consumers choosing a NH, 74.5% of states
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provided at least one link to a NH checklist. Of the states with checklists, 39% had created them and
55.3% used the list provided by Medicare (http://www.medicare.gov/Pubs/pdf/02174.pdf, data not shown).
Four other state DOH provided a checklist from either AARP
(http://assets.aarp.org/www.aarp.org_/promotions/text/life/NursingHomeChecklist.pdf ), or Aging Parents
and Eldercare (http://www.aging-parents-and-elder-care.com/Pages/Checklists/Nursing_Home.html). The
source of one NH checklist could not be determined. All states and the District of Columbia provided a
link to an ombudsman and 84.3% provided guidance materials for choosing a NH.

With the exception of one state, all states provided at least one link to Medicare’s Nursing Home
Compare website (http://www.medicare.gov/nursinghomecompare). Most states also provided CMS
inspection report data (70.6%). In some cases, websites included facility characteristics that indicated
quality that were not captured through CMS inspections (31.4%), such as patient, family or employee
satisfaction rates. Approximately one-third of the states compiled facility-level information in report cards.

Table 2 presents the types of quality indicators found in the report cards or in other formats. State
DOH websites that did not offer report cards presented a variety of information indicating nursing home
quality (n = 25). The most common type of information not in a report card format available among state
DOH websites was deficiency citations identified during CMS inspections (96%). Complaints made
against a facility were usually identified (84%) often in the context of whether they were substantiated
through facility inspection. The majority of states also indicated whether citations required penalty
enforcement due to their scope or severity, i.e., a violation (60.8%). However, few states offered
information regarding indicators of excellent quality, as opposed to indicators of poor quality, such as best
practice awards. While state DOH also offered quality indicators beyond citations, such as complaints,
violations and follow-up reports on these items, it was generally more common to offer these data in
report card formats.

Types of information provided on report cards also varied. The most common quality indicators
appearing on report cards were citations/deficiencies (86.7%), violations (80%), and complaints (73.3%).
Quality indicators only appearing on report cards included administration quality/satisfaction rating,
resident satisfaction, and quality rating compared to other local NH.

Provider and Surveyor-Directed Information
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Table 3 provides an overview of the information regarding infection control and prevention
provided to NH providers and surveyors. Almost one-third (n = 15) of state DOH websites mentioned an
advisory council, working group or collaborative that addressed HAI incidence in NH. The majority of
states (n = 44, 86.3%) had infection control and prevention training or guidance for NH personnel, often
through links to CDC materials for long-term care facilities or on the state DOH website directly. Roughly
half of state DOH (52.9%) offered training or guidance materials for conducting NH inspections.

State HAI Prevention Plans

State HAI prevention plans included similar language adapted from a template, but plans varied
as to whether NH were included in the outlined activities. State HAI prevention plans in 82.4% of states
indicated the intention to establish a statewide advisory council to lead HAI rate reduction efforts in “long-
term care facilities” or “nursing homes”. Only six states (11.8%) indicated the intention to establish
standards and evaluate complaints regarding infection control and prevention practices in this setting
through collaboration with professional licensing organizations (Indiana, Massachusetts, Michigan, New
Mexico, Tennessee and Texas). The majority of state HAI plans (60.8%) indicated intention to establish
infection prevention collaboratives in non-hospital settings, specifically NH, to reduce HAI. No updates to
any of the state plans were apparent to reviewers since the initial January 1%, 2010 deadline when states
were required to submit HAI prevention plans to HHS in order to receive preventive health services block
grant funds from the CDC (9).

HAI Reporting

Five states had HAI reporting in NH; among those states, infections that were reported varied
(Table 4). Only two states (Pennsylvania and Oregon) had mandatory HAI reporting laws applicable to
NH. Pennsylvania was the first state to establish HAI reporting in NH, beginning in 2008, and appeared to
have the most extensive requirements. Additionally, contacting state DOH representatives of HAI control
and prevention programs revealed that three states (Georgia, Vermont and lowa) had recently initiated
voluntary reporting of HAIs in NH.

Discussion
This study demonstrates high variability in state activities and policies focused on NH and

reducing HAI incidence in NH. The vast majority of states provided consumer-directed information for
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assessing NH quality intended to help consumers make informed decisions when considering residence
in one of these facilities. Overall, Florida, Maryland, Massachusetts, Minnesota, Ohio, and Rhode Island
provided the greatest number of consumer-directed activities and venues of information. These states
also provided the most quality indicators of individual NH facilities, though the types of indicators were
different between the states. Our findings are consistent with previous literature describing variation
across states in the availability, content, data aggregation level and quality indicators provided on NH
report cards (10). While many states provided some information concerning provider and surveyor
activities and resources indicative of state focus on HAI, websites from Delaware, Kentucky, North
Carolina, Michigan, Oregon, West Virginia and Wisconsin included the largest amount of information or
activities provided by state DOH in this category. Pennsylvania not only included NH in multiple aspects
of the state HAI prevention plan, but also had extensive HAI mandatory reporting requirements for NH.
Pennsylvania’s public policy focus on HAI in NH was followed closely by Georgia, Indiana, lowa,
Massachusetts, Michigan, New Mexico, Oregon, Tennessee, and Texas. Because no states were clearly
outpacing others along all indicators, our data may represent different approaches to HAI reduction in NH
across states rather than absolute presence or absence of state focus on HAI in NHs.

Our findings that information and policies vary between states are not surprising considering that
federal focus to reduce HAI, driven by the Department of Health and Human Services, has delegated
planning and implementation to the state DOH. Although states hoping to receive CDC preventative
services block grant funds had to devise their own HAI prevention plan, there was no direct funding
provided for HAI prevention activities. States had to find and allocate their own resources to pursue the
plan. The American Reinvestment and Recovery Act (ARRA) ultimately increased funding for, and
oversight of, HAI reduction activities at the state level, but provided limited guidance towards achieving
HAI reduction in NH (9). Therefore, it is not surprising that each state DOH devised divergent approaches
to HAI prevention in NH as demonstrated in this work. Our data highlight the variation in state DOH
activities, information and policies which should be considered in future work comparing HAI rates in NH
across states.

Using websites to collect these data presented challenges relevant for future studies that might

also use online data abstraction, especially regarding state DOH activities, information and public policy.
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As most state DOH websites were unexpectedly difficult to navigate and understand, it was often
challenging to find and interpret NH HAI-related information. As noted in the Methods section, a second
reviewer was needed to confirm the absence of specific data of interest and/or double-check data
abstraction accuracy for approximately 10 states. Additionally, we communicated directly with state DOH
HAI prevention program representatives from 23 states. This lack of clarity was reflected in the somewhat
lower Kappa statistics for our data collection tool; even with highly skilled reviewers with advanced
degrees in the health professions, agreement could not always be reached. It is likely that many
consumers would also have difficulty navigating the websites.

Considering that most consumers need to choose a NH imminently (11), the current difficulty
using many state DOH websites to access information about NH indicates a distinct need for
improvement. Furthermore, the absence of information regarding state DOH activities does not mean it
was not available. Although it is possible that relevant information on state DOH websites was missed by
both data abstractors, information may be communicated through other means to the relevant
stakeholders and was therefore not on the website. However, purposeful public availability of this
information on the DOH website presumably indicates some defined focus on NH across the state.

A strength of this study is that methodology included contacting state HAI coordinators to abstract
data regarding HAI mandatory reporting. We contacted 23 state HAI coordinators where laws were
unclear and/or HAI reporting was indistinguishable from notifiable conditions. Based on these responses,
we determined that only 2 states had mandatory reporting and an additional 3 states had voluntary
reporting. Using a review of public health laws, the Association for Professionals in Infection Control and
Epidemiology, Inc. (APIC) found that reporting of HAI in NH is required by 4 states (21). States’
enforcement of HAI-related policies may explain the difference between results of this study and of
APIC’s previous work. Given the timing and methodology of our study, we are confident that our data
represent the most accurate information about current reporting of HAI in NH.

Of note, this research did not address lists of notifiable conditions in each state, only mandatory
and voluntary HAI reporting laws. In completing the data collection tool, reviewers noted that these lists
varied between states and included some HAI. Identifying HAI reporting through notifiable conditions lists

is a valuable area for future research.
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The data described here provide characterization of state focus on NH quality and HAI reduction,
allowing for the comparison of health policy, information and activities between states. Understanding
ways in which state DOH attempt to reduce HAI in NH can inform work of infection preventionists, as well
as health policy researchers, geriatricians and other NH healthcare workers. Continuation of this work
should include study of how the target audiences of state DOH information and activities (i.e., consumers,
providers and surveyors) use them, if at all, to determine the impact of state DOH efforts to improve NH

quality and reduce HAI in NH.
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Table 1. Consumer resources.

DOH Consumer Resource
N =51

n (%)

States

Checklist for choosing a NH

38 (74.5)

AK, AL, AR, AZ, CA, CO, CT,
DC, DE, FL, GA, HI, ID, IL, IN,
KS, LA, MA, MD, MI, MN, MO,
MS, NE, NH, NV, NY, OR, PA,
RI, SD, TX, UT, VA, VT, WI,
WV, WY

Guidance material for choosing a NH

43 (84.3)

AK, AL, AR, AZ, CO, CT, DC,
DE, FL, IA, ID, IL, IN, KS, KY,
LA, MA, MD, MI, MN, MO, MS,
NC, ND, NE, NH, NJ, NM, NV,
NY, OH, OR, PA, RI, SD, TX,
UT, VA, VT, WA, WI, WV, WY

Link to ombudsman

51 (100.0)

All

Link to Medicare’s NH compare

50 (98.0)

All except SD

Inspection report data

36 (70.6)

AL, AZ, CA, CO, DC, DE, FL,
IA, ID, IL, IN, KS, KY, LA, MA,
MD, MI; MN, MO, MS, NC,
ND, NJ, NM, NV, NY, OH, OK,
PA, RI, SD, TN, TX, VT, WI,
WY

Non-CMS inspection report
information

16 (31.4)

AZ, CA, CO, GA, IA, KY, MD,
MN, NC, NJ, OH, OR, RI, TN,
VA, WI

Report card

15 (29.4)

CA, FL, IA, IN, LA, MA, MD,
MI, MN, NJ, NY, OH, RI, TX,
WI

Note: NH, Nursing home; DOH, department of health; CMS, Centers for Medicare and Medicaid Services.
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Table 2. Presentation of nursing home quality information.

Quality Indicator Indicator Report Card Other Format

Present Format*

N =51 n=15 n=25

n (%) n (%) n (%)

Citations/deficiencies 37 (73) 13 (87) 24 (96)
Complaints 32 (63) 11 (73) 21 (84)
Violations 31 (61) 12 (80) 19 (76)
Facility follow-up reports 23 (45) 7 (47) 16 (64)
Performance ranking or measure 8 (16) 7 (47) 1(4)
Quality of care 8 (16) 7 (47) 1(4)
Staffing 7(14) 5(33) 2(8)
Administration quality/satisfaction rating 6 (12) 6 (40) 0 (0)
Best practice awards/distinction 6 (12) 2 (13) 4 (16)
Resident satisfaction 5 (10) 5 (33) 0 (0)
Quiality of life 5 (10) 4 (27) 1(4)
Relative rating in area 4 (8) 4(27) 0(0)
Health indications 4 (8) 2 (13) 2(8)
Finances 24 1(7) 1(4)

Note: NH, Nursing home; DOH, department of health.

*Of the 51 states and District of Columbia, 40 states provided NH quality indicator information. Of these
40 states, 15 states provided a report card containing the quality indicators, and 25 states provided the
quality indicators in a format that was not a report card.
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Table 3. Provider and surveyor-directed information.

DOH Resource* Total State DOH Offering States With Resource
N =51 Resource
n (%)
AZ, CT, DE, FL, GA, IL, KY,
Provider group addressing HAI 15 (29.4) MI, NC, OR, PA, VA, WI, WV,
wYy

AK, AL, AR, AZ, CA, CO, CT,
DE, FL, GA, HI, IA, ID, IL, IN,
KS, KY, LA, MA, MD, ME, MI,

E:%‘G%‘Zrngg' prevention training 44 (86.3) MN, MO, MT, NC, ND, NE,
NM, NV, NY, OH, OR, PA, RI,
SC, SD, TX, UT, VA, VT, WA,
WI, WV
CO, DC, DE, IA, ID, IN, KS,
Surveyor training or guidance for 27 (52.9) KY, LA, ME, MI, MN, MT, NC,
inspections ) NE, NM, OH, OK, OR, RI, SC,

TN, UT, WA, WI, WV, WY
Note: HAI, Healthcare-associated infection; DOH, department of health.
*States and District of Columbia may offer more than one of these resources (i.e., these categories are
not mutually exclusive).
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Table 4. States with HAI reporting in NH.

HAI Reporting State HAI Implementation
Date
Mandatory
PA C. difficile, symptomatic urinary tract infection, 2008

symptomatic catheter-associated urinary tract
infection, central line-associated blood stream
infection, primary blood stream infection, ventilator-
associated pneumonia, lower respiratory infection,
influenza/influenza-like illness
bronchitis/tracheobronchitis, surgical site infection,
cellulitis, burns, vascular and diabetic ulcer, device-
associated soft-tissue/wound infection,
gastrointestinal infection (viral, bacterial, other),
peritonitis/deep abscess, meningitis, decubitus ulcer
infection, viral hepatitis, osteomyelitis

OR Urinary tract infection 2010

Voluntary
IA C. difficile 2012
GA Catheter associated urinary tract infection 2013
vT Multidrug resistant organism, C. difficile 2013

Note: HAI, Healthcare-associated infection.
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Appendix A: State DOH Websites

State Website Access Date* (mm/dd/yy)
Alabama http://www.adph.org/ 01/09/13
Alaska http://dhss.alaska.qgov/Pages/default.aspx 01/28/13
Arizona http://www.azdhs.gov/ 01/07/13
Arkansas http://www.healthy.arkansas.gov/Pages/default.aspx 01/28/13
California http://www.dhcs.ca.gov/Pages/default.aspx 01/08/13
Colorado http://www.colorado.gov/cs/SateIIite/CDPHE- 01/09/13

Main/CBON/1251583470000
Connecticut http://www.ct.gov/dph/site/default.asp 01/04/13
Delaware http://dhss.delaware.gov/dhss/ 01/03/13
District of http://doh.dc.gov/ 01/10/13
Colombia
Florida http://www.doh.state.fl.us/ 01/04/13
Georgia http://health.state.qa.us/ 01/08/13
Hawaii http://hawaii.gov/health/ 01/02/13
Idaho http://www.healthandwelfare.idaho.gov/ 01/07/13
lllinois http://www.idph.state.il.us/ 01/10/13
Indiana http://www.state.in.us/isdh/ 01/16/13
lowa http://www.idph.state.ia.us/ 01/17/13
Kansas http://www.kdheks.gov/ 12/27/12
Kentucky http://chfs.ky.gov/dph/ 01/14/13
Louisiana http://www.dhh.louisiana.gov/ 01/03/13
Maine http://www.maine.gov/dhhs/ 01/03/13
Maryland http://dhmh.maryland.gov/SitePages/Home.aspx 01/07/13
Massachusett | http://www.mass.gov/eohhs/gov/departments/dph/ 01/05/13
S
Michigan http://www.michigan.gov/mdch 01/07/13
http://www.dhs.state.mn.us/main/idcplg?ldcService= 01/03/13
Minnesota GET_DYNAMIC_CONVERSION&RevisionSelection
Method=LatestReleased&dDocName=health care
Mississippi http://www.msdh.state.ms.us/ 11/24/12
Missouri http://health.mo.gov/index.php 01/15/13
Montana http://www.dphhs.mt.gov/ 01/03/13
Nebraska http://dhhs.ne.gov/Pages/default.aspx 01/15/13
Nevada http://dhhs.nv.gov/ 12/06/13
New http://www.dhhs.nh.qgov/ 01/16/13
Hampshire
New Jersey http://nj.gov/health/ 01/02/13
New Mexico http://www.health.state.nm.us/ 01/08/13
New York http://www.health.ny.gov/ 01/13/13
North Carolina | http://www.ncdhhs.gov/ 01/08/13
North Dakota http://www.ndhealth.gov/ 01/15/13
Ohio http://www.odh.ohio.gov/ 11/24/12
Oklahoma http://www.ok.gov/health/ 01/10/13
Oregon http://www.oregon.qgov/DHS/Pages/index.aspx 12/26/12
Pennsylvania http://wva.portal.health.state.pa.us/portal/server.pt/c 01/16/13
ommunity/department of health home/17457
Rhode Island http://www.health.ri.gov/ 01/10/13
South http://www.scdhec.gov/ 01/14/13
Carolina
South Dakota | http://doh.sd.gov/ 01/10/13
Tennessee http://health.state.tn.us/ 01/17/13
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http://www.adph.org/
http://dhss.alaska.gov/Pages/default.aspx
http://www.azdhs.gov/
http://www.dhcs.ca.gov/Pages/default.aspx
http://www.ct.gov/dph/site/default.asp
http://dhss.delaware.gov/dhss/
http://doh.dc.gov/
http://www.doh.state.fl.us/
http://health.state.ga.us/
http://hawaii.gov/health/
http://www.idph.state.ia.us/
http://www.kdheks.gov/
http://chfs.ky.gov/dph/
http://www.dhh.louisiana.gov/
http://www.maine.gov/dhhs/
http://dhmh.maryland.gov/SitePages/Home.aspx
http://www.mass.gov/eohhs/gov/departments/dph/
http://www.michigan.gov/mdch
http://www.msdh.state.ms.us/
http://health.mo.gov/index.php
http://www.dphhs.mt.gov/
http://dhhs.ne.gov/Pages/default.aspx
http://dhhs.nv.gov/
http://www.dhhs.nh.gov/
http://nj.gov/health/
http://www.health.state.nm.us/
http://www.health.ny.gov/
http://www.ndhealth.gov/
http://www.odh.ohio.gov/
http://www.ok.gov/health/
http://www.oregon.gov/DHS/Pages/index.aspx
http://www.portal.health.state.pa.us/portal/server.pt/community/department_of_health_home/17457
http://www.portal.health.state.pa.us/portal/server.pt/community/department_of_health_home/17457
http://www.health.ri.gov/
http://www.scdhec.gov/
http://doh.sd.gov/
http://health.state.tn.us/

Texas http://www.dshs.state.tx.us/ 01/10/13
Utah http://health.utah.gov/ 01/03/13
Vermont http://healthvermont.gov/ 01/07/13
Virginia http://www.vdh.state.va.us/ 01/17/13
Washington http://www.doh.wa.gov/ 01/17/13
West Virginia | http://www.wvdhhr.org/ 01/08/13
Wisconsin http://www.dhs.wisconsin.gov/ 01/08/13
Wyoming http://www.health.wyo.gov/default.aspx 01/08/13

*Last date of internet-based data abstraction.
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http://www.dshs.state.tx.us/
http://health.utah.gov/
http://healthvermont.gov/
http://www.vdh.state.va.us/
http://www.doh.wa.gov/
http://www.wvdhhr.org/
http://www.dhs.wisconsin.gov/
http://www.health.wyo.gov/default.aspx

Additional Appendix B. Evaluation of Conceptual Frameworks Applicable to the Study of
Isolation Precautions Effectiveness
The following supplemental appendix is a study lead by the author. It describes a systematic
search and evaluation of conceptual frameworks that are applicable to determine the effectiveness
isolation precautions. Moreover, the process described here may be useful to chose a conceptual

framework for other areas of study.

Note. The contents of this supplemental appendix are a manuscript accepted for publication by the
Journal of Advanced Nursing.

This manuscript is now published online as:
Cohen, C.C., Shang, J. (2015). Evaluation of Conceptual Frameworks Applicable to the Study of Isolation
Precautions Effectiveness. Journal of Advanced Nursing. doi: 10.1111/jan.12718

This article is available online at: http://onlinelibrary.wiley.com/doi/10.1111/jan.12718/full
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ABSTRACT
Aims: A discussion of conceptual frameworks applicable to the study of isolation precautions
effectiveness according to Fawcett and DeSanto-Madeya’s (2013) evaluation technique and their relative

merits and drawbacks for this purpose

Background: Isolation precautions are recommended to control infectious diseases with high morbidity
and mortality, but effectiveness is not established due to numerous methodological challenges. These
challenges, such as identifying empirical indicators and refining operational definitions, could be alleviated

though use of an appropriate conceptual framework.

Design: Discussion paper

Data Sources: In mid-April 2014, the primary author searched five electronic, scientific literature
databases for conceptual frameworks applicable to study isolation precautions, without limiting searches

by publication date.

Implications for Nursing: By reviewing promising conceptual frameworks to support isolation precautions
effectiveness research, this paper exemplifies the process to choose an appropriate conceptual
framework for empirical research. Hence, researchers may build on these analyses to improve study

design of empirical research in multiple disciplines, which may lead to improved research and practice.

Conclusion: Three frameworks were reviewed: the epidemiologic triad of disease, Donabedian’s
healthcare quality framework and the Quality Health Outcomes model. Each has been used in nursing
research to evaluate health outcomes and contains concepts relevant to nursing domains. Which
framework can be most useful likely depends on whether the study question necessitates testing multiple
interventions, concerns pathogen-specific characteristics and yields cross-sectional or longitudinal data.
The Quality Health Outcomes model may be slightly preferred as it assumes reciprocal relationships,

multi-level analysis and is sensitive to cultural inputs.
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SUMMARY STATEMENT

Why is this research or review needed?

¢ Evidence regarding the effectiveness of isolation precautions remains weak due to
numerous methodological challenges.

e Although infection control is inherently multidisciplinary, nursing practice is an
important component; hence, effectiveness research in this field should incorporate
nursing perspectives.

e Study design and therefore strength of research findings may be improved through
use of a conceptual framework congruent with nursing theory.

What are the key findings?

Three conceptual frameworks were identified that may be most applicable to
guide study design for isolation precautions effectiveness research.

Which framework can be most useful likely depends on whether the study
guestion necessitates testing multiple interventions, concerns pathogen-specific
characteristics and yields cross-sectional or longitudinal data.

The Quality Health Outcomes framework has the advantages of assuming
reciprocal relationships and multi-level analysis and incorporating sensitivity to
cultural differences.

How should the findings be used to influence policy/practice/research/education?

KEYWORDS

Future research regarding isolation precautions effectiveness should use a
conceptual framework such as one of the three identified in this paper.

This paper outlines a critical thinking process to decide between conceptual
frameworks for study design, policymaking or intervention implementation.
Those reviewing and synthesizing evidence regarding isolation precautions
should consider the Quality Health Outcomes model to encourage culturally
sensitive data abstraction and quality assessment.

Theoretical models, conceptual analysis, nursing, patient isolation, cross-contamination, healthcare-

associated infection, barrier precautions, contact precautions, infection prevention, infection control
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INTRODUCTION

Isolating those with communicable pathogen(s) has been a key means to control disease since the
black plague in the 14t century (Landelle et al. 2013). Today, isolation precautions are still a preferred
method in many healthcare systems to control infectious diseases with high morbidity and mortality, such
as Methicillin-resistant Staphylococcus aureus (Smith et al. 2008, Siegel et al. 2007). However, high
resource requirements (Kirkland 2009), associated adverse events (Morgan et al. 2009) and evidence-
based medicine prioritization (Swanson et al. 2010) have sparked debate as to whether existing data
regarding isolation precautions are adequate to guide effective practice (Gasink and Brennan 2009). This
debate intensified following transmission of Ebola virus to healthcare workers in the U.S. despite use of
isolation precautions (Santora 2014). It is important to generate new, consistent data regarding optimal
infection control techniques to improve clinical practice (Centers for Disease Control and Prevention
2013).

However, it remains challenging to demonstrate isolation precautions are effective. Recent studies of
isolation precautions effectiveness took place in many different countries including France (Gbaguidi-
Haore et al. 2008), Great Britain (Cepeda et al. 2005), Hong Kong (Cheng et al. 2010), Israel (Cohen et
al. 2011), Taiwan (Lin et al. 2011) and the United States (Bearman et al. 2010, Bearman et al. 2007).
Similar studies were rarely repeated in the same country. As wide variation exists in clinical practice
guidelines regarding isolation precautions, even among those from English-speaking countries (Aboelela
et al. 2006), variation in the healthcare systems and isolation precautions processes threatens external
validity of study results (Zastrow 2011). Therefore, it is difficult to combine and draw conclusions from this
international body of literature.

Although substantial methodological barriers exist in this area, improvement is possible. Challenges
that are difficult or impossible to address include establishing temporality between exposure and infection
given new resistance and asymptomatic colonization periods (Gasink and Brennan 2009) and blinding
intervention and outcomes (Aboelela et al. 2006). As isolation precautions are not recommended in all
countries, randomized controlled trials of isolation precautions are uncommon. Because the most relevant
study designs (quasi-experimental and observational studies) limit the researcher’s ability to control for

confounders (Siegel et al. 2007), addressing confounders and accounting for bias is critical. Future
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studies may also improve on existing literature assessing compliance with all aspects of the intervention
(Landelle et al. 2013) as well as fully describing the environment and outcome assessment methods .
Careful study design to evaluate isolation precautions is essential, not only to produce rigorous results,
but also to fully consider all the risks and benefits to patients, providers, facilities, allowing interpretation
of findings by an international audience.

Background

Using a conceptual framework can be an effective tool to guide research of complex problems by
helping to define concepts relevant to the phenomenon of interest and outline the relationships between
these concepts (Fawcett and Desanto-Madeya 2013). Conceptual frameworks also can help to refine
operational definitions and identify empirical indicators for these concepts. They aid derivation of theories,
research questions and corresponding logical hypotheses to be tested in empirical research (Fawcett and
Desanto-Madeya 2013). Given the difficulties of studying isolation precautions, appropriate conceptual
frameworks may advance theory generation and improve evaluation through empirical research.

When designing a study, it is essential to ensure that the chosen conceptual framework and theory
under investigation are logically aligned (Fawcett and Desanto-Madeya 2013). While infection control and
prevention is inherently a multidisciplinary effort, nurses are a critical component given their frequent,
direct patient contact, education and research roles. Therefore, effectiveness research should consider
nursing roles, perspectives and theory to maximize applicability of research findings. Models from other
disciplines which appear potentially applicable to nursing issues ‘should be critically analyzed and
evaluated before it is introduced into nursing curricula, empirically tested or applied in nursing practice’
(Sullivan 1989).

The objective of this paper is to support study design by identifying, analyzing and evaluating
conceptual frameworks to study the effectiveness of isolation precautions. This paper discusses the
relative merits and drawbacks of each to frame empirical research on this topic and compares which
conceptual frameworks are best-suited for various study designs used to evaluate isolation precautions
effectiveness. Further, it outlines a critical thinking process regarding how to choose a conceptual
framework, which may of useful beyond infection control research.

Data Sources
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In mid-April 2014, C.C.C. performed a systematic search of electronic, scientific literature databases
for peer-reviewed publications using or describing a conceptual framework applicable to examine the
effectiveness of isolation precautions. Databases included PubMed, Ovid Medline, EBSCO Cumulative
Index of Nursing and Allied Health Literature (CINAHL), Cochrane Central Register of Clinical Trials and
Cochrane Database of Systematic Reviews. Keyword searches were supplemented by Medical Subject
Headings (MeSH) terms in the search criteria, where applicable and related to the following concepts:
Patient isolation (i.e., ‘barrier precautions’, ‘contact isolation’, ‘contact precautions’, ‘isolation precautions’,
‘quarantine’) and conceptual frameworks (i.e., ‘theoretical model’, ‘conceptual model’, ‘organizing
framework’, ‘theoretical framework’), in singular and plural forms. Search parameters included publication
in English. Searches were not limited by publication date.

C.C.C. examined titles and abstracts of papers returned through database searches for potentially
applicable conceptual frameworks. Additional publications were sourced through reference lists of papers
returned in the database search. Conceptual frameworks previously known to the authors were also
considered. C.C.C. then identified original literature that proposed these frameworks of interest as well as
publications by the original author(s) that further elaborate on these frameworks.

Frameworks selected for analysis were included based on 1) applicability to the study of isolation
precautions effectiveness and 2) the number of times the publications that originally proposed this
conceptual framework has been cited on PubMed. Applicability and usefulness of the identified
conceptual frameworks were evaluated following the analysis technique outlined by Fawcett and
DeSanto-Madeya (Figure 1) (Fawcett and Desanto-Madeya 2013).

DISCUSSION

Searches of electronic databases yielded 128 publications, 25 of which were duplicates. Six
conceptual frameworks were identified relevant to the study of isolation precautions (Table 1). Among the
six frameworks, the epidemiologic triad of disease (though not always titled as such, as discussed below)
was most frequently cited by other publications in PubMed (247 times), followed by Donabedian’s
healthcare quality framework (67 times) and Quality Health Outcomes framework (21 times). The other
two frameworks were each cited less than four times. We described the three more frequently cited

frameworks and evaluated their usefulness to study isolation precautions effectiveness (Table 2).
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Epidemiologic Triad of Disease
Description

The epidemiologic triad of disease is also referred to in the literature as the ‘epidemiologic triad of
agent/host/environment’ (Bernardo et al. 2002), ‘host-agent-environment complex’ (Smith 1986), ‘agent-
host-environment model’ (Zastrow 2011), ‘epidemiologic triangle’ (Huerta and Leventhal 2002) and the
‘traditional public health triangle’ (Wilde 1997). As detailed in a textbook focused on ‘health promotion and
disease prevention’ in medicine and dentistry (Leavell and Clark 1958), the motivation for development of
this model was to frame infection prevention strategies (Clark 1954) and assemble facts in a body of
knowledge regarding the natural history of disease (Leavell and Clark 1958). Although originally
developed to describe infectious disease, the framework was also used in studies related to non-
infectious disease, such as lead poisoning (Clark 1954) or nutrient deficiency (Leavell and Clark 1958).

The epidemiologic triad of disease identifies three components necessary to initiate and propagate
illness (Leavell and Clark 1958), including a host (i.e., susceptible individual), an agent (i.e., a pathogen)
and environment compatible with transmission of a disease-causing entity (Figure 2). As such, the
environment, described as ‘all things except man himself’ (Leavell and Clark 1958), also includes biologic
and socioeconomic factors in addition to the physical environment that ‘may be preparing the way long
before pathogenesis is initiated’ (Clark 1954). In the original framework, Clark (1954) targeted
interventions to intercept the causes contributing to disease process and proposed five ‘levels of
application of preventive measures’ (Clark 1954). Variations of this model including a central ‘vector’
concept linking the other three (Huerta and Leventhal 2002) and presenting the framework as a tripod (or
triangle) of the three concepts (Scholthof 2007) rather than a balance between agent and host with
environment as the fulcrum (Leavell and Clark 1958).
Analysis

Because this framework is originally from the medical discipline, it purports no philosophical beliefs,
values, goals or descriptions with regard to nursing practice. The authors’ views regarding the general
purpose of nursing interventions are not stated in descriptions of the framework, neither are relationships
to the domains of nursing. The general method of knowledge development using this framework is

deductive as Leavell and Clark (1958) believe that knowledge of the natural history of disease can fill in
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the gaps’ regarding what is known of the agent, host and environment in a particular situation (Leavell
and Clark 1958), that is, using theory to deduce what empirical observations may occur (Reed 2012).

Regarding nursing metaparadigm domains of nursing, environment, health and
person(s)/client/human beings (Peterson and Bredow 2013), the model could be interpreted as
addressing client and the environment. Human beings are described as both a reservoir of disease and
also a compilation of ‘habits and customs’ and that influence the interaction between agents of disease
and the individual (Clark 1954). As mentioned above, environment is described as multi-factorial
influences on the ‘life and development of an organism’, including biologic and socioeconomic as well as
physical entities (Clark 1954). Because the authors wanted to outline a health promotion philosophy when
developing this framework, health is implied in this model through the host’s level of susceptibility.
Nursing is not included, which might be interpreted as a significant weakness of this model for framing
interventional research.

Evaluation

The origins of the model in medical epidemiology are not an inherent weakness for nursing or
multidisciplinary studies as many conceptual frameworks of non-nursing origin have been successful to
generate and test nursing theory (Fawcett and Desanto-Madeya 2013). This framework has been used in
nursing research (Bernhardt and Langley 1999, Bernardo et al. 2002), including for infection control
(Massanari 1989, Wilde 1997). In applications to the study of isolation precautions, this framework
emphasizes a means to change the environmental component, breaking the links to both presence of an
agent and contact with a susceptible host. The model was also specifically identified as a useful tool to
study contact precautions (Zastrow 2011). Indeed, simplicity of the framework and breadth of concepts
are strengths that enhance the model’s applicability to diverse disciplines and topics.

However, the model is limited in comprehensiveness of content regarding nursing inputs and
perspectives. The lack of a nursing or intervention-specific concept in the framework may not be a
concern for describing the natural history of disease or even testing a single intervention’s effects.
However, to compare multiple interventions, the framework may require adaptation to capture effects of
the interventions, especially if they affect the same concept (e.g., host) in different ways (e.g., education

regarding isolation precautions procedures versus vaccination). Despite these weaknesses, researchers

230



have used this framework from nursing perspectives. For example, in the study of occupational nursing,
Smith (1986) used the framework from a different worldview by assuming mutable agent, host and
environment as well as dynamic relationships between these concepts (Smith 1986). Similarly, Reifsnider
(1995) adapted the framework to show multiple inputs to each concept as well as reciprocal relationships
between environment and host (Reifsnider 1995). Given that nurse scientists saw fit to adapt the model
for use, the original framework may fail to capture the complexities of nursing interventions required to
study isolation precautions.

Donabedian’s Healthcare Quality Framework

Description

In 1966, Avedis Donabedian proposed that the quality of medical care can be evaluated through
consideration of structure, process and outcomes of that care (Figure 3) (Donabedian 1966). Structure,
the setting where medical care takes place and ‘instrumentalities’ that produce care processes, includes
the ‘adequacy of facilities and equipment’ needed to provide care, provider qualifications, ‘fiscal
organization’ as well as ‘administrative and related processes that support and direct the provision of care
(Donabedian 1966). Process, ‘medical care’ (Donabedian 1966), includes not only technical skills, but
also whether medical evidence has been applied in decision-making, the ‘appropriateness, completeness
and redundancy’ of information obtained regarding the client and whether the client values the care
provided (Donabedian 1966). Outcomes of medical care, the ‘recovery, restoration of function and of
survival’ of a client (Donabedian 1966), is described by Donabedian as product of structures and
processes.

This framework applies to the study of isolation precautions as isolation precautions are represented
in structure and process concepts. For example, structure encompasses the availability of a private room
and processes include the use of gowns and gloves for contact with the patient and the patient’s
environment. Outcomes related to isolation may be infection or colonization with a specific pathogen,
among others.

Analysis
With its medical field origin, Donabedian specifically focused on quality evaluation of physician-patient

interaction, as this was ‘familiar territory of care’(Donabedian 1966). Similarly to the epidemiologic
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disease triad, Donabedian’s model is not built on any philosophical beliefs and values specific to nursing
nor does it inherently include any strategies for nursing knowledge development. It therefore does not
have a unique focus in nursing. Donabedian’s method of knowledge development using this model
appears to be abductive system of reasoning, as it represents ‘a conceptual leap form experience, beliefs
and a pre-knowledge of patterns to arrive at an educated guess or theory about a phenomenon’ (Reed
2012).

When Donabedian described this framework, he did not address domains of the nursing
metaparadigm; however, when applying this framework to evaluate nursing or interdisciplinary care, the
framework could incorporate all domains. Human beings are included both in structures (e.g., health care
provider staffing) and in the influence of client characteristics on processes. Structure also describes the
environment where healthcare is delivered. Health is measured by outcomes. Donabedian’s model
previously received criticism that structure and process concepts are ill-defined for nursing which may, at
times, fit into both (Closs and Tierney 1993). However, for the sake of evaluating isolation precautions,
both structure and process factors would certainly need to be considered in a well-designed study.
Therefore nursing activities and attributes need not fit into a single concept in this model.

Evaluation

The Donabedian model is so well established in healthcare quality research that, despite its origins in
medicine, one could argue that it is very well aligned and logically congruent with most nursing theory and
knowledge developed in its wake. In nursing, it has been used to evaluate quality of hospice care (Richie
1987), elderly discharge planning (Closs and Tierney 1993), nurse practitioner services (Gardner et al.
2014) and obstetrical/labor and delivery patient perceptions (Hosek et al. 2014), among others. Research
studies that use this framework demonstrate its social congruence in multiple geographic location and
cultures (Chen et al. 2007, Closs and Tierney 1993), indicating the international relevance of its content.
Considering that this framework has successfully guided nursing theory development and testing in this
way, its empirically adequate use is a distinct strength (Fawcett and Desanto-Madeya 2013).

While the content of the framework is purposefully broad to be widely applicable, it may not be ideal
to study isolation precautions as it lacks a clear component or role regarding the characteristics of

pathogens (e.g., the ‘agent’ concept in the epidemiologic triad of disease). This reflects that the unique
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focus of the model is not infection control. To use Donabedian’s model in infection control studies, the
structure component may best incorporate the concept of a dangerous agent present in the environment
and perhaps the pathogen’s virulence and pathogenicity.

Another limitation of this model is that ‘the relation between structure and process is poorly
understood’ (Donabedian 1978). This lack of clear relational propositions between concepts may be a
significant drawback for guiding studies on this topic. As such, nursing researchers have defined the
relational propositions interactions more explicitly (Richie 1987) and also proposed new, adapted models
(Chen et al. 2007, Shield et al. 2014, Mitchell et al. 1998).

Furthermore, the relationship between outcomes and other concepts in the Donabedian model also
may not be ideal to study isolation precautions. For example, during a suspected influenza outbreak,
confirmation of each additional case in a facility (outcomes) may change the process for isolation
precautions for the next individual with a suspected case of influenza. The propensity to isolate and
hence structures and processes of practice, will have changed as a result of what the Donabedian model
identifies as outcomes. It is not clear how this reciprocal influence might be reflected in the Donabedian
model.

Quality Health Outcomes Model
Description

Building on Donabedian’s linear framework of healthcare quality improvement, the Quality Health
Outcomes Model (Mitchell et al. 1998) includes four components: system, client, interventions and
outcomes (Figure 4). System characteristics incorporate structure and process elements of the
Donabedian model. Similar to processes in the Donabedian model, the interventions component
represents clinical processes and related activities by which they are performed. Unlike Donabedian,
Mitchell and colleagues specify client characteristics, which are indicators of health status, demographics
and disease risk factors of individual patients, families and communities. Outcomes are health indicators
such as morbidity, mortality and other variables dependent on the previously listed components (Mitchell
et al. 1998). Relational propositions between concepts in the Quality Health Outcomes framework are
dynamic and the relationship between interventions and outcomes is indirect and mediated by system

and client components (Mitchell et al. 1998).
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This framework applies to the study of isolation precautions effectiveness as it was developed to
facilitate testing complex relationships between concepts with attention to nursing contributions (Mitchell
et al. 1998). Interventions represent the processes of isolation precautions, while the system
characteristics (e.g., nursing staffing ratios) and client characteristics (e.g., isolation adherence related to
mental status) mediate the intervention’s effects on the outcome (e.g., facility infection rate). The decision
to isolate includes client and system characteristics, balancing the negative consequences of isolation on
the individual with the benefits of reduced infection risk to a larger group of individuals. In this way, the
content of this nursing conceptual model is appropriate to study isolation precautions.

Analysis

The origin of this model was the Outcomes Measures and Care Delivery Systems Invitational
Conference (Mitchell and Lang 2004), which targeted defining categories of outcome indicators that can
affect health policy. As such, the unique focus of this model is outcomes, especially nursing outcome
research and management. The authors believe that a model with multiple feedback loops between the
components and outcomes would be more sensitive to nursing inputs than the Donabedian model
(Mitchell et al. 1998). The authors also incorporated multi-level analysis, as proposed by Holzemer and
Reilly (1995) and clinical and functional outcomes introduced by Wilson and Clearly (1995) . Their
motivation was to establish a model broad enough to guide database development, suggest key clinical
intervention variables, provide a framework for research and influence health policy (Mitchell et al. 1998).

The authors appear to have used abductive reasoning (Reed 2012, Sullivan 1989) to develop this
conceptual guide as it was derived from ‘expert panel members’ ongoing research, expert opinion and
literatures of nursing and health services’ (Mitchell and Lang 2004). However, the authors specifically
support use of this model for inductive knowledge development (‘the process of subjecting the theoretical
ideas to empirical test’ (Reed 2012)). Influences of specific philosophies are not stated. However, the
authors’ description of the model notes that the impacts of nursing inputs are mediated by individual client
characteristics and contextual factors of the system where care is provided. This appears to take a
postmodern approach (i.e., outcomes are dependent on context) (Reed 2012). Hence, both outcomes

and mediators require sensitive measures to capture nursing value.
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Mitchell and colleagues specifically incorporated all four nursing metaparadigm domains in this
model (Mitchell and Lang 2004). The desire to incorporate broader outcomes than negative events (i.e.,
the 5-Ds: death, disease, disability, discomfort, dissatisfaction) (Mitchell and Lang 2004) reflects the
domain of health. It may also be argued that environment is present in the system characteristics
concept, intervention contains nursing and both client characteristics and outcomes can differentiate
between illness and non-iliness states. The person(s) domain might be interpreted as aspects of
healthcare workers in system characteristics as well as influencing client characteristics.
Evaluation

Regarding the study of isolation precautions, the Quality Health Outcomes model is similar to
Donabedian’s framework in that it lacks an ‘agent’ concept as described by Leavell and Clark (1958). In
this model, the system characteristics concept best incorporates presence of a disease agent. Another
potential flaw in this model is that direct relationships between intervention and outcomes are not
possible. As stated above, this framework purports that the relationship between intervention and
outcomes is always mediated by system and client characteristics. Therefore, in a hypothetical study
population that is homogenous with regard to system and client characteristics, the authors question
whether relational propositions described by the model are meaningful. However, though individual
studies regarding isolation precautions are often performed in a single unit or facility, it is unlikely that
system and client characteristics can be sufficiently homogenized based on existing studies. In this way,
the model appears to be appropriate for empirical research regarding isolation precautions with these
mediators influencing the intervention-outcome relationship.

The strengths of this model are its intentionally broad concepts and numerous published examples of
use in nursing research. This model has influenced theory relating health outcomes to nurse staffing
(Shang et al. 2014), patient experience (Lundgren and Wahlberg 1999), system characterization (Dubois
et al. 2012) and recognition of nursing excellence (Lake et al. 2012), among others. Contributions to the
nursing discipline also include guiding several nursing report card initiatives (Mitchell and Lang 2004).
The studies using this model indicate that the model has international relevance as they take place in
multiple countries and represent different cultures (Brooks-Carthon et al. 2011, Shang et al. 2014). In

summary, this model has been sufficiently validated through contributions to the nursing discipline.
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Other key strengths of the Quality Health Outcomes model are the incorporation of system and client
characteristics concepts and the assumption of multi-level analysis. First, the mediating concepts of
system and client and indirect relationship between interventions and outcomes compels researchers to
account for differences between populations and settings where studies of isolation precautions
effectiveness are performed, for example, different resources available in another healthcare system and
cultural influences of that country on psychological adverse events associated with isolation precautions.
This is particularly important for repeating studies in diverse settings, interpreting findings from studies
performed in other countries and synthesizing data collected in diverse geographic regions, which is
particularly relevant to the highly international body of literature regarding isolation precautions
effectiveness. Second, incorporation of Holzemer’'s multi-level analysis (Mitchell and Lang 2004) allows
the model to address risk and benefits at both the individual and group levels. Including variables at
multiple levels is integral to the study of isolation precautions as the isolation precaution benefits (e.g.
reduced infection risk) are realized by a group of patients at the facility or unit level and the harms (e.g.,
depression) are specific to the individual in isolation. Therefore, the Quality Health Outcomes framework
allows detailed reflection in study design of isolation precautions and considerations for cross-cultural
sensitivities.

Implications for Nursing

Our review of scientific literature revealed that comparative evaluations of conceptual frameworks for
their applicability to a given topic are rarely published, although researchers often evaluate and compare
conceptual frameworks when designing research studies. This paper outlines thought processes to
compare usefulness of conceptual frameworks. Therefore, this paper may be of use to researchers
designing new studies and administrators and clinicians evaluating results of these studies in multiple
fields beyond infection control practices.

Analysis and comparison of frameworks, as described in this paper, may be helpful to assist
multidisciplinary projects and/or international collaborations in infection control as well as other fields.
Multidisciplinary research necessitates conceptual translation, establishing uniform language and
‘common or at least correlated approach to individual questions’ (Kessel et al. 2008). Collaboration

across cultures and healthcare systems also requires mutual conceptual understanding for success. For
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example, combating the on-going Ebola epidemic requires a coordinated, global effort to maximize
effectiveness of isolation precautions and other infection control practices with attention to local health
beliefs, resources and disease strains. Evaluating and using a conceptual framework may be ideal to
level expectations among stakeholders before beginning a study or intervention.

Regarding isolation precautions, use of a conceptual framework may improve empirical research
design, leading to improved clinical practice. In previous studies, it is unclear whether authors did not
address confounders or biases because it was impractical or whether these issues were not considered.
However, application of one of these conceptual frameworks may have prompted authors to compare
‘client characteristics’ in the Quality Health Outcomes Framework (or ‘host’ in the epidemiologic triad) of
the pre and post-intervention groups. For example, some previous studies did not report the proportion of
the respective sample with immunocompromised status or indwelling devices (Bearman et al. 2010,
Bearman et al. 2007, Cheng et al. 2010, Cohen et al. 2011), which are known risk factors for infection
(Siegel et al. 2006). Further, operationalizing the process concept in Donabedian’s framework (or
‘intervention’ in Mitchell’s) may have prompted Gbaguidi-Haore et al. (2008) to report compliance, Cohen
et al. (2011) to track compliance consistently across different phases of the study or Cepeda et al. (2005)
and Cheng et al (2010) to record compliance for all components of the intervention. Detailing structure
and processes (or ‘environment’ or ‘system characteristics’) would be helpful to understand equipment
access, regular provider training and case communication, especially for studies conducted in different
healthcare systems. Understanding the representativeness of the sample, level of intervention
compliance and system characteristics would help clinicians to determine whether to apply these
interventions in clinical practice.

All three conceptual frameworks reviewed in this paper could be used to guide study of isolation
precautions, though none are ideal. While the epidemiologic triad of disease does not contain a clear
concept for interventions but is sensitive to pathogenicity and virulence of specific infectious agents, the
reverse is true of Donabedian’s framework and the Quality Health Outcomes model. As isolation
precautions are initiated in response to infection, lack of a pathway by which outcomes influence structure
and process may be problematic. In this way, the Donabedian model would not help to address

temporality between exposure and outcome, which is a significant challenge in infection control
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intervention studies (Gasink and Brennan 2009). In contrast, Mitchell et al.’s (1998) recognition of need
for multi-level analyses may help researchers to distinguish between individual-level outcomes that trigger
isolation precautions and facility-level variables that follow isolation precautions use. Furthermore, The
Quality Health Outcomes model also has a strength that differentiates it from Donabedian’s framework
and the epidemiologic triad of disease: incorporation of system and client characteristics concepts.
Hence, the Quality Health Outcomes model may be slightly preferred for nursing studies regarding
isolation precautions, depending on outcome(s) of interest and study design.

The strengths and weakness of the three conceptual frameworks indicate they may be better-suited
to specific study designs used to evaluate isolation precautions. The epidemiologic triad of disease may
be most useful for observational studies, especially cohort studies (i.e., exposure has already occurred
(LoBiondo-Wood and Haber 2006)) where there is no need to observe the effects of an intervention, but
perhaps a need to capture biological characteristics of the agent (e.g., presence of specific strains or
pathogenicity). An example of such a study is Tschudin-Sutter et al., (2010) which assessed risk of
developing extended-spectrum Beta-Lactamase-Producing Enterobacteriaceae among roommates of
infected individuals (i.e., exposure prior to being moved into isolation precautions) (Tschudin-Sutter et al.
2012). Donabedian and Mitchell et al.’s frameworks are more efficient for interventional studies. The
dynamic nature of the Quality Health Outcome framework would be well-suited to both mathematical
model-based studies where all factors related to isolation precautions are simultaneously influencing
others (e.g., cross-sectional analysis) (Chow et al. 2011), as well as capturing dynamic responses over
time. While neither the Donabedian or Mitchell model has a direct path between outcomes and
structure/process or intervention, respectively, Mitchell’'s framework contains an indirect pathway by which
outcomes can influence interventions. Therefore, longitudinal studies may not benefit as much from the
Donabedian model as from Mitchell's framework. However, pretest-posttest studies, as are often used to
study isolation precautions (Aboelela et al. 2006), would not be affected by this drawback.

Limitations

Selecting seminal frameworks by the number of papers citing the original publication underestimated

the importance of the oldest and newest frameworks. Publications influenced by a framework point to its

associated theory generation, legitimacy and contributions to nursing knowledge (Fawcett and Desanto-
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Madeya 2013). However, the most used framework is not necessarily the most useful. Further, studies
using a framework may not always cite or indicate it in the corresponding publication. This is especially
true of the epidemiologic triad of disease, which is not always named as such, despite description of
‘host’, ‘agent’ and ‘environment’ concepts in relation to disease control in many papers (Stirling 2004). As
such, it is impossible to know all the ways these frameworks have be used in research and practice to
date.

CONCLUSIONS

Going forward, the authors recommend that researchers carefully consider study design elements
needed to determine the effectiveness of isolation precautions using one of the three conceptual
frameworks discussed above. Future systematic reviews and meta-analyses should frame data
abstraction and quality analysis through the Quality Health Outcomes framework as it incorporates
elements that can be sensitive to cultural differences. Cross-cultural sensitivities will be important to
interpret outcomes of studies conducted in many different countries, especially outcomes such as
psychological adverse events of isolation precautions. Administrators, clinicians and researchers may
draw from the critical thinking process outlined here when deciding between conceptual frameworks for
study design, policymaking or intervention implementation. Hence, this paper has the potential to facilitate
future research, international collaboration and multidisciplinary interaction in infection control and other

fields.

239



References

Aboelela, S.W., Saiman, L., Stone, P., Lowy, F.D., Quiros, D. & Larson, E. (2006) Effectiveness of barrier
precautions and surveillance cultures to control transmission of multidrug-resistant organisms: a
systematic review of the literature. American Journal of Infection Control, 34(8), 484-94.

Bearman, G., Rosato, A.E., Duane, T.M., Elam, K., Sanogo, K., Haner, C., Kazlova, V. & Edmond, M.B.
(2010) Trial of universal gloving with emollient-impregnated gloves to promote skin health and
prevent the transmission of multidrug-resistant organisms in a surgical intensive care unit.
Infection Control and Hospital Epidemiology, 31(5), 491-7.

Bearman, G.M., Marra, A.R., Sessler, C.N., Smith, W.R., Rosato, A., Laplante, J.K., Wenzel, R.P. &
Edmond, M.B. (2007) A controlled trial of universal gloving versus contact precautions for
preventing the transmission of multidrug-resistant organisms. American Journal of Infection
Control, 35(10), 650-5.

Bernardo, L.M., Gardner, M.J., Rosenfield, R.L., Cohen, B. & Pitetti, R. (2002) A comparison of dog bite
injuries in younger and older children treated in a pediatric emergency department. Pediatrric
Emergency Care, 18(3), 247-9.

Bernhardt, J.H. & Langley, R.L. (1999) Analysis of tractor-related deaths in North Carolina from 1979 to
1988. Journal of Rural Health, 15(3), 285-95.

Brooks-Carthon, J.M., Kutney-Lee, A., Sloane, D.M., Cimiotti, J.P. & Aiken, L.H. (2011) Quality of care
and patient satisfaction in hospitals with high concentrations of black patients. Journal of Nursing
Scholarship, 43(3), 301-10.

Centers for Disease Control and Prevention (2013) Antibiotic resistance threats in the United States,
2013. U.S. Department of Health and Human Services, Atlanta, GA.

Cepeda, J.A., Whitehouse, T., Cooper, B., Halils, J., Jones, K., Kwaku, F., Taylor, L., Hayman, S.,
Cookson, B., Shaw, S., Kibbler, C., Singer, M., Bellingan, G. & Wilson, A.P.R. (2005) Isolation of
patients in single rooms or cohorts to reduce spread of MRSA in intensive-care units: prospective
two-centre study. Lancet, 365(9456), 295-304.

Chen, C.M., Hong, M.C. & Hsu, Y.H. (2007) Administrator self-ratings of organization capacity and
performance of healthy community development projects in Taiwan. Public Health Nursing, 24(4),
343-54.

Cheng, V.C.C., Tai, J.W.M., Chan, W.M., Lau, E.H.Y., Chan, J.F.W., To, KK.W., Li, LW.S., Ho, P.L. &
Yuen, K.Y. (2010) Sequential introduction of single room isolation and hand hygiene campaign in
the control of methicillin-resistant Staphylococcus aureus in intensive care unit. BMC Infectious
Diseases, 10, 263.

Chow, K., Wang, X., Curtiss, R., 3rd & Castillo-Chavez, C. (2011) Evaluating the efficacy of antimicrobial
cycling programmes and patient isolation on dual resistance in hospitals. Journal of Biological
Dynamics, 5(1), 27-43.

Clark, E.G. (1954) Natural history of syphilis and levels of prevention. British Journal of Venereal
Diseases, 30(4), 191-7.

Closs, S.J. & Tierney, A.J. (1993) The complexities of using a structure, process and outcome framework:
the case of an evaluation of discharge planning for elderly patients. Journal of Advanced Nursing,
18(8), 1279-87.

Cohen, M.J., Block, C., Levin, P.D., Schwartz, C., Gross, Il., Weiss, Y., Moses, A.E. & Benenson, S.
(2011) Institutional control measures to curtail the epidemic spread of carbapenem-resistant
Klebsiella pneumoniae: a 4-year perspective. Infection Control and Hospital Epidemiology, 32(7),
673-8.

Donabedian, A. (1966) Evaluating the quality of medical care. Milbank Quarterly, 44(3), Suppl:166-206.

Donabedian, A. (1978) The Quality of Medical Care. Science, 200(26), 856-864.

Dubois, C.A., D'Amour, D., Tchouaket, E., Rivard, M., Clarke, S. & Blais, R. (2012) A taxonomy of nursing
care organization models in hospitals. BMC Health Services Research, 12, 286.

Fawcett, J. & Desanto-Madeya, S. (2013) Contemporary nursing knowledge : analysis and evaluation of
nursing models and theories, F. A. Davis, Philadelphia, PA.

Gardner, G., Gardner, A. & O'Connell, J. (2014) Using the Donabedian framework to examine the quality
and safety of nursing service innovation. Journal of Clinical Nursing, 23(1-2), 145-55.

240



Gasink, L.B. & Brennan, P.J. (2009) Isolation precautions for antibiotic-resistant bacteria in healthcare
settings. Current Opinion in Infectious Diseases, 22(4), 339-44.

Gbaguidi- Haore, H., Legast, S., Thouverez, M., Bertrand, X. & Talon, D. (2008) Ecological study of the
effectiveness of isolation precautions in the management of hospitalized patients colonized or
infected with Acinetobacter baumannii. Infection Control and Hospital Epidemiology, 29(12),
1118-1123.

Haley, R.W. (1981) The usefulness of a conceptual model in the study of the efficacy of infection
surveillance and control programs. Reviews of Infectious Diseases, 3(4), 775-80.

Holzemer, W.L. & Reilly, C.A. (1995) Variables, variability, and variations research: implications for
medical informatics. Journal of the American Medical Informatics Association, 2(3), 183-90.

Hosek, C., Faucher, M.A., Lankford, J. & Alexander, J. (2014) Perceptions of care in women sent home in
latent labor. MCN: The American Journal of Maternal/Child Nursing, 39(2), 115-21.

Huerta, M. & Leventhal, A. (2002) The epidemiologic pyramid of bioterrorism. Israel Medical Association
Journal, 4(7), 498-502.

Kahn, K.L., Mendel, P., Leuschner, K.J., Hiatt, L., Gall, E.M., Siegel, S. & Weinberg, D.A. (2014) The
national response for preventing healthcare—associated infections: Research and adoption of
prevention practices. Medical Care, 2014(52), S33-S45.

Kessel, F.S., Rosenfield, P.L. & Anderson, N.B. (2008) Interdisciplinary research : case studies from
health and social science, Oxford University Press, Oxford ; New York.

Kirkland, K.B. (2009) Taking off the gloves: toward a less dogmatic approach to the use of contact
isolation. Clinical Infectious Diseases, 48(6), 766-71.

Lake, E.T., Staiger, D., Horbar, J., Cheung, R., Kenny, M.J., Patrick, T. & Rogowski, J.A. (2012)
Association between hospital recognition for nursing excellence and outcomes of very low-birth-
weight infants. Journal of American Medical Association, 307(16), 1709-16.

Landelle, C., Pagani, L. & Harbarth, S. (2013) Is patient isolation the single most important measure to
prevent the spread of multidrug-resistant pathogens? Virulence, 4(2), 163-71.

Leavell, H.R. & Clark, E.G. (1958) Preventive medicine for the doctor in his community; an epidemiologic
approach, Blakiston Division, New York,.

Lin, W.R., Lu, P.L., Siu, L.K., Chen, T.C., Lin, C.Y., Hung, C.T. & Chen, Y.H. (2011) Rapid control of a
hospital-wide outbreak caused by extensively drug-resistant OXA-72-producing Acinetobacter
baumannii. Kaohsiung Journal of Medical Sciences, 27(6), 207-14.

LoBiondo-Wood, G. & Haber, J. (2006) Nursing research: Methods and critical appraisal for evidence-
based practice, Mosby/Elsevier, St. Louis, Mo.

Lundgren, I. & Wahlberg, V. (1999) The experience of pregnancy: a hermeneutical/phenomenological
study. Journal of Perinatal Education, 8(3), 12-20.

Massanari, R.M. (1989) Nosocomial infections in critical care units: causation and prevention. Critical
Care Nursing Quarterly, 11(4), 45-57.

Mitchell, P.H., Ferketich, S. & Jennings, B.M. (1998) Quality health outcomes model. Journal of Nursing
Scholarship, 30(1), 43-46.

Mitchell, P.H. & Lang, N.M. (2004) Framing the Problem of Measuring and Improving Healthcare Quality:
Has the Quality Health Outcomes Model Been Useful? Medical Care, 42(2), 114-1111.

Mody, L., Bradley, S.F., Galecki, A., Olmsted, R.N., Fitzgerald, J.T., Kauffman, C.A., Saint, S. & Krein,
S.L. (2011) Conceptual Model for Reducing Infections and Antimicrobial Resistance in Skilled
Nursing Facilities: Focusing on Residents with Indwelling Devices. Clinical Infectious Diseases,
52(5), 654-661.

Morgan, D.J., Diekema, D.J., Sepkowitz, K. & Perencevich, E.N. (2009) Adverse outcomes associated
with Contact Precautions: a review of the literature. American Journal of Infection Control, 37(2),
85-93.

Peterson, S.J. & Bredow, T.S. (2013) Middle range theories: Application to nursing research, Wolters
Kluwer Health, Philadelphia, PA.

Reed, P.G. (2012) A treatise on nursing knowledge development for the 21st century: Beyond
postmodernism. In Perspectives on Nursing Theory(Reed, P. G. and Shearer, N. B. C. eds.)
Wolters Kluwer/Lippincott Williams & Wilkins., Philadelphia, PA.

Reifsnider, E. (1995) The use of human ecology and epidemiology in nonorganic failure to thrive. Public
Health Nursing, 12(4), 262-8.

241



Richie, N.D. (1987) An approach to hospice program evaluation. The use of Donabedian theory to
measure success. American Journal of Hospice and Palliative Medicine, 4(5), 20-7.

Santora, M. (2014) New York and New Jersey Tighten Ebola Screenings at Airports. In The New York
TimesNew York, NY.

Scholthof, K.-B.G. (2007) The disease triangle: Pathogens, the environment and society. Nature, 5, 152-
6.

Shang, J., You, L., Ma, C., Altares, D., Sloane, D.M. & Aiken, L.H. (2014) Nurse employment contracts in
Chinese hospitals: impact of inequitable benefit structures on nurse and patient satisfaction.
Human Resources for Health, 12, 1.

Sheps, M.C. (1955) Approaches to the quality of hospital care. Public Health Rep, 70(9), 877-86.

Shield, R., Rosenthal, M., Wetle, T., Tyler, D., Clark, M. & Intrator, O. (2014) Medical staff involvement in
nursing homes: development of a conceptual model and research agenda. Journal of Applied
Gerontology, 33(1), 75-96.

Siegel, J.D., Rhinehart, E., Jackson, M., Chiarello, L. & Committee, t.H.I.C.P.A. (2007) Guideline for
Isolation Precautions: Preventing Transmission of Infectious Agents in Healthcare Settings.

Siegel, J.D., Rhinehart, E., Jackson, M., Chiarello, L. & The Healthcare Infection Control Practices
Advisory, C. (2006) Management of multidrug-resistant organisms in health care settings, 2006.
American Journal of Infection Control, 35(10), S165-S193.

Smith, M.N. (1986) The best possible condition for nature to act upon host-agent environment
relationships. Americal Association of Occupational Health Nurses Journal, 34(3), 120-1.

Smith, P.W., Bennett, G., Bradley, S., Drinka, P., Lautenbach, E., Marx, J., Mody, L., Nicolle, L. &
Stevenson, K. (2008) SHEA/APIC guideline: infection prevention and control in the long-term care
facility, July 2008. Infection Control and Hospital Epidemiology, 29(9), 785-814.

Stirling, B. (2004) Nurses and the control of infectious disease: Understanding epidemiology and disease
transmission is vital to nursing care. The Canadian Nurse, 100(9), 16-20.

Sullivan, G.C. (1989) Evaluating Antonovsky's Salutogenic Model for its adaptability to nursing. Journal of
Advanced Nursing, 14(4), 336-42.

Swanson, J.A., Schmitz, D. & Chung, K.C. (2010) How to practice evidence-based medicine. Plastic and
Reconstructive Surgery, 126(1), 286-94.

Tschudin-Sutter, S., Frei, R., Dangel, M., Stranden, A. & Widmer, A.F. (2012) Rate of transmission of
extended-spectrum beta-lactamase-producing enterobacteriaceae without contact isolation.
Clinical Infectious Diseases, 55(11), 1505-11.

Wilde, M.H. (1997) Long-term indwelling urinary catheter care: conceptualizing the research base.
Journal of Advanced Nursing, 25(6), 1252-61.

Wilson, 1.B. & Cleary, P.D. (1995) Linking clinical variables with health-related quality of life. A conceptual
model of patient outcomes. Journal of the American Medical Association, 273(1), 59-65.

Zastrow, R.L. (2011) Emerging infections: the contact precautions controversy. American Journal of
Nursing, 111(3), 47-53.

242



QUESTIONS FOR ANALYSIS

Step 1. Origins of the Nursing Model

‘What is the historical evolution of the nursing model?
‘What motivated development of the nursing model?

On what philosophical beliefs and values about nursing is
the nursing model based?

‘What strategies for knowledge development were used to
formulate the nursing model?

‘What scholars influence the model author’s thinking?

Step 3. Content of Nursing Model

How are human beings defined and described?

How is the environment defined and described?
How is health defined? How are wellness and illness
differentiated?

How is nursing defined?

What is the goal of nursing?

* How is nursing practice described?
* What statements are made about the relations among the
four metaparadigm concepts?

* What world view is reflected in the nursing model?

Step 2. Unique Focus of the Nursing Model
. What is the unique focus of the nursing model?

QUESTIONS FOR EVALUATION

Step 1. Explication of Origins
* Are the philosophical claims on which the nursing model is based explicit?
= Are the scholars who influenced the thinking of the model author acknowledged, and are bibliographical citations given?

Step 2. Comprehensiveness of Contents

* Does the nursing model provide adequate descriptions of all four concepts of the meta-paradigm?

* Do the relational propositions of the nursing model completely link for meta-paradigm concepts?

* Is the practitioner given sufficient direction to be able to make pertinent observations, decide that an actual or potential need for
nursing exists, and prescribe and execute a course of action that achieves the goal specified in a variety of practice situations?

* Is the researcher given sufficient direction about what questions to ask and what methedology to use?

* Does the educator have sufficient guidelines to construct a curriculum?

* Does the administrator have sufficient guidelines to organize and deliver nursing services?

Step 3. Logical Congruence

* Does the model reflect more than one world view?

+ Does the model reflect characteristics of more than one category of nursing knowledge?

* Do the components of the model consistently reflect a logical translation or reformulation of diverse perspectives? Is the model
logically congruent?

Step 4. Generation of Theory
* What theories have been generated from the nursing model?

Step 5. Legitimacy of the Nursing Model

* Is the nursing model a useful guide for nursing activities?

* Does evaluation of the use of the nursing model reveal that the content of the nursing model is sound and believable?

* Are education and special skill training required before applying to nursing model in nursing practice?

» Is it feasible to implement practice protocols derived from the nursing model and related theories?

* To what extent is the nurse model actually used guide nurse practice, research, education and administration?

* Does the nursing model lead to nurse activities that meet the expectations of the public and health-care professionals of various
cultures and in diverse geographic regions?

* Does application of the nursing model, when linked with relevant theories and appropriate empirical indicators, make important
differences in the health conditions of the public?

Step 6. Contributions to Nursing Knowledge and the Discipline of Nursing
* What is the overall contribution of the nursing model to advancement of nursing knowledge the discipline of nursing?

Figure 1. Framework for Analysis and Evaluation of Nursing Models (Adapted from Fawcett and Desanto-
Madeya, 2013).
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Table 1

Identified conceptual frameworks applicable to the study of isolation precautions, presented in
chronological order of publication

AR Source Description Constructs Included P.UbMed
Name Citations
Epidemiologic | Clark 1954 Describes the three e Agent
triad of categories of factors e Host
disease and their e Environment* 247
interrelationships that
influence epidemics
Donabedian’s | Donabedian | Identifies three factors | e  Structure*
healthcare 1966 by which to assessthe |e Process*
quality guality of health care e Outcome
. . 67
framework delivery and the linear
flow of influence
between them
Conceptual Haley et al. | Relates nosocomial e Approval by hospital
model of an 1981 infection (a patient authorities
infection characteristic) to all e Sources of program
surveillance activities performed by direction
and control an ISCP for the e Overall structure and
program purpose of evaluating function
(ISCP) those activities’ impact | Direct action*
on the patient e Training 1
characteristics e Influence of ISCP staff
e Potential obstacles
e Patient care staff’s
characteristics*
e Patient characteristics*
Quality health | Mitchell et Building on e System
outcomes al. 1998 Donabedian, introduces | ¢ Client
framework dynamic e Intervention*
interrelationships e Outcome
between concepts and
an indirect path 2 xxx
between intervention
and outcomes
influenced by the
system and client(s)
Predisposing, | Mody et al. Describes the process | e  Predisposing aspects
reinforcing 2011 to implement e Enabling factors
and enabling interventions in high e Reinforcing factors
factors in risk groups by health e Evaluate outcomes
education and care workers, model 3

health
diagnosis and
evaluation
model
(PRECEDE)

proposed specifically in
relation to prevention of
HAI
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HAI Kahn et al. Specifies system-based | e Infrastructure development*

prevention 2014 components for HAI e HAI data and monitoring

system prevention and e Knowledge development* 0

framework mitigation e Adoption of HAI prevention
practices*

*Represents concept(s) in which isolation precautions are incorporated

**Includes papers containing Agent-Host-Environment as in Clark (1954), though not cited
and/or titled differently

***|ncorporates Mitchell and Lang (2004) and cited articles

HAI = Healthcare associated infections; ISCP = Infection surveillance and control program.
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Table 2 Evaluation of three most-cited frameworks applicable to the study of isolation precaution effectiveness

Evaluation Clark (1954) Donabedian (1966) Mitchell (1998)
Criteria
Explication of Yes. Desire for increased health promotion | Yes. Personal experience with individual Yes. Influences of the goals of Outcomes
Origins and disease prevention to meet patient level physician-client relationship implicated | Measures and Care Delivery Systems

demands in medicine and dentistry stated.
Works of numerous named and ‘unnamed’
authors credited for ‘epidemiologic
viewpoint’ as a lens for framework
development (Leavell and Clark 1958)

as well as publications for framework
development and explication, such as
Sheps (1955), among others

invitational conference and work of
Donabedian (1966), Holzemer & Reilly
(1995), Wilson and Cleary (1995)
acknowledged

Comprehensive-
ness of Content

Incomplete. Nursing inputs/interventions
not included in model

Complete. All nursing domains and
relational propositions addressed, though
not identified as such

Complete. All nursing domains and
relational propositions addressed

Logical
Congruence

Yes. Consistent with Reaction World View,
person-environment and intervention
categories of knowledge

Yes. Consistent with Reaction World View,
outcomes and interventions category of
knowledge

Yes. Consistent with Reciprocal World
View, outcomes category of knowledge

Generation of

Yes. Few examples in the literature that

Yes. Numerous nursing publications use

Yes. Multiple nursing publications use this

Theory use the model to generate nursing theory this framework to generate testable framework to generate testable hypotheses
hypotheses
Legitimacy Mixed. Few examples found of successful Mixed. Model has been used to guide Yes. Successful hypothesis testing
hypothesis testing in nursing, inspired nursing research and practice successfully, | published without limitations due to the
creation of adapted nursing model but has also inspired creation of adapted model
(Reifsnider 1995) nursing models (Mitchell et al. 1998, Shield
et al. 2014)
Social Utility Moderate. No education or skills required. High. No education or skills required. Ability | High. No education or skills required. Ability
Ability to implement protocols derived from | to implement protocols to implement protocols
model based on expert opinion (Zastrow
2011, Massanari 1989)
Social Unknown. Usefulness across cultures and | High. Cross-cultural/diverse geographic High. Applied to nursing care among
Congruence geographies not published in nursing application published in nursing research facilities in diverse geographic locations

(Chen et al. 2007, Closs and Tierney 1993)

and with diverse patient demographics
(Brooks-Carthon et al. 2011, Shang et al.
2014)

Social Significance

High. Versatility of model yields high
applicability in diverse subjects and fields

High. Model is well-integrated into nursing
research with high impact on practice

High. Model directed at nursing outcomes
with significant influence

Contributions to
Nursing
Knowledge and
nursing Discipline

High. Effective organizing framework
though few papers identified using this
model to generate theory

High. Breadth of model concepts yield
broad applicability in nursing

High. Model has effectively guided nursing
activities such as several report card
initiatives




Epidemiologic

Triad of Disease

Host

Figure 2. The Epidemiologic Triad of Disease (Clark 1954)
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Structure H Process H Outcome

Figure 3. Donabedian’s Quality Health Outcomes Framework.
Note: This model is sometimes depicted with a separate ‘client characteristics’ concept leading
to/influencing ‘processes’ (Donabedian 1966).
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Figure 4. The Quality Health Outcomes Framework (Mitchell et al. 1998)
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