SIGNIFICANCE:
Preventing Transmission of Contagious Pathogens in Healthcare Settings:
Healthcare-associated transmission of infectious pathogens can occur from numerous
routes, including direct contact with infected patients, exposure to respiratory droplets in
enclosed air spaces, and handling of contaminated objects within the patient environment.1 The
resultant healthcare-associated infections (HAIs) have a dramatic impact on the health and
safety of patients. Awareness of the incidence of a number of these events has led to marked
improvement in targeted outcomes through comparative measurement, visible reporting of
performance, and accountability through financial incentives.2,3 In contrast, awareness of the
impact of these pathogens on the health and safety of the healthcare personnel (HCP) who care
for patients infected with such pathogens is less well known. By nature of their occupation,
HCP are at an increased risk of exposure to and subsequent infection by a variety of
pathogens.4-6 HCP also serve as vectors for pathogen transmission through their frequent
contact with patients colonized or infected with these organisms.7-9 Therefore, the prevention of
transmission of these agents to HCP (a.k.a. “occupational infection prevention”) is an important
safety measure for both the individual HCP and his or her patients.
A foundational practice to prevent the spread of pathogens to HCP in healthcare settings is
the use of transmission-based precautions. The basic concept of transmission-based
precautions is using specific environmental controls and personal protective equipment (PPE)
for pathogens based on their predominant mode of transmission. Used to augment Standard
Precautions (i.e. core practices based on the principle that “all blood, body fluids, secretions,
excretions except sweat, nonintact skin, and mucous membranes may contain transmissible
infectious agents”1) that are applied to the care of all patients, transmission-based precautions
include Contact, Droplet, and Airborne Precautions. Additional precautions include a
combination of these three main types of precautions which are used for pathogens spread by
multiple routes or that are highly contagious (Table 1).
A watershed event that elevated the importance of occupational infection prevention
occurred last fall amid the largest-ever reported outbreak of Ebola Virus Disease (EVD). In
October 2014, during the West Africa EVD outbreak, the first healthcare-associated acquisition
of EVD among U.S. HCP occurred at a Dallas hospital.10 This acquisition of EVD by two nurses
created a groundswell of concern about how healthcare facilities protect their HCP from serious
pathogens.11,12 While the exact transmission route of EVD in these nurses is unclear and will
never be identified, several major themes emerged in the dissection of this serious infection
control failure. These included concerns about the type of PPE recommended for use when
caring for EVD patients, the rapidly-evolving protocols for PPE and infection prevention in this
setting, the misperceptions that “all healthcare facilities” could safely care for an Ebola-infected
patient, and the lack of familiarity and comfort of the HCP with use of the recommended PPE
and precautions. These transmission events rapidly triggered re-evaluation of all EVD protocols
and PPE and led to a more detailed and robust set of expectations for infection prevention and
PPE use.13 Most striking was the understanding that safe care and treatment of EVD patients
requires intensive preparation, HCP and leadership training and retraining, and an infrastructure
that only a select set of healthcare facilities can provide.
While only two cases of healthcare-associated EVD-transmission have occurred in the U.S.,
the lessons learned and questions raised from these events are numerous and applicable to
other infectious pathogens. For instance, while the PPE and protocols used for EVD infection
prevention are extremely detailed due to that pathogen’s ability to spread via exposure to
infected blood and body fluids, the principles behind these protocols and the PPE utilized are
implemented on a much wider scale each day in healthcare facilities across the world. Other
pathogens that lead to considerable morbidly and mortality are spread similarly to Ebola (i.e. by
direct contact with colonized or infected patients or with the contaminated patient environment),
including Clostridium difficile and multidrug-resistant organisms (MDROs) like methicillin-

resistant Staphylococcus aureus (MRSA) and the carbapenem-resistant Enterobacteriaceae
(CRE).1
Table 1: Summary of Transmission-Based Precaution Types and Components1
Type(s) of PPE Recommended

Type of
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Contact

Gloves

Gown

ü

ü

Surgical
Mask

N95
Respirator
or PAPR

Airborne
Novel
Respiratory
Pathogen

ü

ü

EVD
Precautions

ü

ü
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Examples of
Pathogens
for which
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Type is Used

MDROs,
C. difficile

ü

Droplet

Full Body
Covering
Eye
(e.g. Hood,
Protection
Apron, Leg
Covering)

ü

or

ü*

ü*

Seasonal
influenza,
B. pertussis

ü

ü

M.
tuberculosis,
measles

ü

Pandemic
influenza,
SARS-CoV,
MERS-CoV

ü*

Ebola, Other
VHF Agents

ü

ü

ü*

ü

ü

PAPR = Powered Air Purifying Respirator; SARS-CoV = Severe Acute Respiratory Syndrome Coronavirus;
MERS-CoV = Middle East Respiratory Syndrome Coronavirus; EVD = Ebola Virus Disease; VHF = Viral
Hemorrhagic Fever * Use for aerosol-generating procedures (e.g. intubation, open suctioning of respiratory
secretions, bronchoscopy)

The cases of HCP-acquired EVD have illuminated many important safety issues surrounding
the use of transmission-based precautions and their associated PPE in healthcare facilities
across the United States. When examining these issues, several key points are important to
highlight:
•
•
•
•
•
•

Transmission-based precaution utilization is common in acute care facilities.
HCP compliance with the PPE used for transmission-based precautions is
suboptimal.
Exposure to patients with contagious pathogen infection or colonization even in the
setting of PPE use can lead to pathogen contamination of HCP hands and the
environment.
HCP can become infected with pathogens targeted by transmission-based
precautions and can serve as vectors of patient transmission in healthcare facilities.
Factors that affect the appropriate use of PPE are numerous, complex, and not fully
understood.
Formal competency training on the use of and routine auditing of compliance with
PPE and transmission-based precaution practices is lacking at most healthcare

•

facilities.
Improving the effectiveness of PPE (through improved compliance) will require
changing and hardwiring HCP behavior.

Transmission-based precaution utilization is common in acute care facilities. Large-scale
data on the number of patients placed in Contact or Droplet Precautions in U.S. healthcare
facilities are lacking; however, an examination of the burden of several key pathogens for which
such precautions are recommended can provide a surrogate measure of the burden of
transmission-based precautions. Data from the Emerging Infections Program from the Centers
for Disease Control and Prevention (CDC) estimated the national incidence of C. difficile
infection of 48.2 per 100,000 people (453,000 cases), with an estimated burden of healthcareassociated C. difficile infection of 293,300 cases occurring in 2011.14 For MRSA, the number of
hospital-onset, healthcare-associated cases of invasive disease in 2012 was estimated at
12,901 for the U.S. population. Presumably, many of these cases were diagnosed and treated
in an acute care facility where Contact Precautions would be reasonably expected to have been
implemented following C. difficile or MRSA diagnosis. These are but two pathogens for which
Contact Precautions are recommended, yet these statistics indicate a substantial burden of
patients who require such precautions in acute care facilities.
HCP compliance with the PPE used for transmission-based precautions is suboptimal.
While isolation precautions and the associated PPE are important interventions to prevent
healthcare-associated pathogen transmission, lapses in their use are common. Although
population-level data on PPE compliance are absent, smaller examinations of PPE use among
HCP performing patient care activities in healthcare settings have noted a substantial, if not
fairly consistent, rate of noncompliance. We collaborated with investigators from 11 academic
medical centers in an analysis of Contact Precautions compliance among 1,013 HCP.15 In this
study, noncompliance with PPE components was 25.7% with use of gowns and 19.9% with use
of gloves. Direct observation of Contact Precautions PPE use among 1,150 HCP in another
study noted noncompliance with gown use by 24% of observed HCP.16 Weber and colleagues
noted a similar frequency of noncompliance at a tertiary-care hospital, with lapses in Contact
Precautions PPE use occurring in 26.7% of observed instances.17 Clock et al also identified
similar noncompliance rates with glove (32.5% on room entry and 36.5% on room exit) and
gown use (32.1% on entry and 22.9% on exit).18 Lapses may be more frequent with
performance of certain clinical activities. Chaing et al observed 44 episodes of cardiopulmonary
resuscitation in Taiwan.19 Using video analysis, frequent lapses in the use of recommended
PPE were noted (e.g. 90% of HCP wore gloves but only 20% wore a gown). A total of 687
contamination events were identified, with a lack of a specific task assignment among HCP
(44% of events) and inadequate preparation for procedures (42%) major factors in these
breaches. The highest rate of events occurred among the nursing personnel.19
Exposure to patients with contagious pathogen infection or colonization even in the
setting of PPE use can lead to pathogen contamination of HCP hands and the
environment. The routine care of patients placed in Contact Precautions has been noted to
result in the potential for HCP colonization and the subsequent transmission of contagious
pathogens. Morgan et al examined the frequency of contamination of HCP hands and PPE
components following the performance of nonemergent care of patients colonized or infected
with an MDRO. Culture growth of MDROs occurred in 1.7-4.2% of HCP hand specimens, 10.029.3% of glove specimens, and 2.3-12.6% of gown specimens.20 Overall 20.5% of HCP-patient
interactions resulted in contamination of the HCP’s gloves or gowns. This is concerning, as
breaches in the use of this PPE could then contaminate the HCP’s hands and the environment,
leading to transmission to patients. The risk for contamination of PPE was significantly

increased with a HCP’s duration in the room of at least 5 minutes, performance of a physical
examination, and work in rooms with environmental contamination. Of equal concern, 8% of
HCP room entries occurred with HCP who had colonization of a MDRO on their hands prior to
room entry, emphasizing the role HCP can play in the transmission of these pathogens. While
an audit for breaches in the use of PPE was not performed in this study, the frequency of PPE
contamination and potential exposure risk in the event of PPE breaches is concerning. French
investigators detected C. difficile spores on 25% of samples collected from the hands of HCP
who had recently cared for a C. difficile-infected patient (compared to 0% in control HCP who
were not exposed to C. difficile patients).21 Patient contact without the use of gloves occurred in
7.8% of observations.
HCP can become infected with pathogens targeted by transmission-based precautions
and can serve as vectors of patient transmission in healthcare facilities. Similar to the
current aftermath following the acquisition of EVD among U.S. HCP, another major contagious
disease outbreak that occurred over a decade ago affected HCP and triggered studies into the
complexities of PPE use. In 2003, the emergence of the Severe Acute Respiratory Syndrome,
or SARS, which was caused by a novel coronavirus (SARS-CoV), affected 29 countries, with
over 8,096 cases and 780 deaths.22 HCP were one of the primary populations affected by this
disease. In Toronto, following an initial outbreak affecting 257 persons, a second wave of cases
emerged, with nearly 40% (29 patients) occurring in HCP.23 HCP exposure to pathogens such
as MRSA, CRE, and C. difficile is far more common than exposure to EVD or SARS-CoV.
Cases of HCP infected with these pathogens have been reported,24,25 and the role of these
personnel in pathogen transmission has been questioned.26 Importantly, HCP have also been
noted as potential sources of healthcare-associated outbreaks due to a variety of contagious
infections, including, but not limited to, whooping cough,27 measles,28 mumps,29 influenza,30 and
norovirus.31
Factors that affect the appropriate use of PPE are numerous, complex, and not fully
understood. A deeper understanding of the factors that impact the use of PPE has emerged
over the past 15 years, prompted to a degree by the SARS experience. Shigayeva and
colleagues performed a retrospective cohort study of 795 HCP who cared for critically-ill SARS
patients in the window surrounding patient intubation.32 The HCP reported substantial breaches
in the use of recommended barrier precautions (i.e. gloves, gown, masks, and eye protection),
and the frequency of noncompliance declined over time, suggesting improvement as familiarity
and comfort with the PPE increased. The following factors were significantly associated with an
increased self-reported consistent compliance to PPE: recognition of patient as a SARS case
(odds ratio [OR] 2.5, 95% confidence interval [CI] 1.5-4.5), recent infection control training (OR
2.7 for interactive training, 95% CI 1.7-4.4) and work in a SARS (OR 4.0, 95% CI 1.8-8.9) or
intensive care (OR 4.3, 95% CI 2.0-9.0) unit. Conversely, provision of care of patients with
higher Acute Physiology and Chronic Health Evaluation (APACHE) II scores (OR 0.4 for score
≥20, 95% CI 0.28-0.68) and work on shifts that required more than 6 room entries per shift (OR
0.5, 95% CI 0.32-0.86) were significantly associated with lower reported frequency of consistent
compliance.
An in-depth assessment of 15 HCP who acquired SARS after implementation of isolation
precautions during the 2003 outbreak identified several key issues.33 Only 60% reported having
received formal infection control training, 87% were unsure of proper PPE use, and 40% reused
PPE and other items following their use for the care of a SARS patient. Strikingly, 54%
reported an identified breach in the use of SARS infection control precautions during patient
care. While the SARS-CoV is spread in a somewhat different fashion than pathogens like Ebola
or MDROs (airborne vs. direct contact), the insights gained regarding the risk of PPE breaches
greatly inform such risk for all types of PPE.

As guided by the studies noted above, the findings from events such as the outbreak of
SARS among HCP and the HCP-acquired EVD cases, and the experience of healthcare
epidemiologists and infection preventionists working in the field, there are likely many factors
that can impact the effectiveness of PPE (Figure 1). Starting with determining the necessity of
PPE use for a given patient care scenario and continuing through PPE selection, donning (or
“putting on”), use, and doffing (removal), opportunities for breaches in PPE use and subsequent
exposure of HCP to infectious pathogens are considerable.
Figure 1: Factors that may Impact the Effectiveness of PPE among HCP
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Determining whether a specific patient requires placement into precautions upon entry to the
healthcare facility is essential, and failure to recognize the need for precautions can lead to HCP
exposure to pathogens of concern. The number of patients in a given unit may also impact PPE
compliance. Vanderbilt investigators (Talbot) collaborated on the study by Dhar et al that noted
a negative impact on compliance with PPE use (from 31.5% to only 6.5%) and hand hygiene
(from 43.6% to 4.9%) as the proportion of patients on isolation precautions increased from less
than 20% to greater than 60%.15
Once patients are placed into precautions, factors affecting PPE effectiveness include the
availability of PPE, the perception of HCP risk (i.e. HCP belief of a specific patient’s true
likelihood of infection with the suspected pathogen), and the construction of the PPE (in terms of
ease of use as well as underlying materials). Failure to don the PPE correctly, whether due to
lack of HCP training on PPE use, the urgency of the patient care duty to be performed (i.e.
emergent vs. routine), or physical constraints (i.e. enough space to don attire), also may impact
PPE effectiveness. Patient factors (including clinical symptoms), details about the patient care
tasks (i.e. duration, complexity), and tolerability of the PPE are also important. Finally, failure to
doff PPE correctly can lead to contamination of HCP and the environment.
Formal competency training on the use of and routine auditing of compliance with PPE
and transmission-based precaution practices is lacking at most healthcare facilities.
Similar to many “basic” practices in healthcare, such as hand hygiene and the use of aseptic
technique for wound care, HCP training on the appropriate use of PPE often occurs as part of
“on-the-job” training, learned “on the fly” from supervisors or senior-level team members as a
part of orientation to the HCP’s specific clinical duties. Formal teaching and assessments of

competency in the proper use of PPE are rare at most healthcare facilities. The type of training,
if present, may also have varying impact. In the study noted above of Toronto HCP who
contracted SARS, those trained recently using passive methods (e.g. written instructions or
video training) had a lower OR for report of consistent use of PPE compared to those who had
undergone interactive training (e.g. face-to-face in-person sessions).32 While programs to
monitor and direct hand hygiene compliance by HCP are commonplace at many healthcare
facilities,34,35 routine audits of PPE use as a part of isolation precautions are less common.
Standardized tools to monitor PPE use and assessments of breaches are clearly needed to
assist healthcare facilities in improving compliance with PPE and, more importantly, protecting
HCP and their patients. The World Health Organization’s (WHO) process for hand hygiene
measurement and training (a.k.a. the “Five Moments for Hand Hygiene” concept)36 has provided
a standardized process and template that has revolutionized how infection prevention and
safety personnel track compliance with this important infection prevention behavior. The U.S.
EVD experience highlights the importance of thorough training on the use of PPE to protect
HCP and prevent healthcare-associated transmission of serious contagious pathogens, the
need to measure compliance in order to drive improvement, and the importance of
understanding the risk factors for breaches in PPE use. Simply put, an analogous “Five
Moments for Safe PPE Use” is now needed.
Improving the effectiveness of PPE (through improved compliance) will require changing
and hardwiring HCP behavior: Improving compliance with and reducing breaches during the
use of PPE will likely require a multifaceted approach. Novel technology to improve PPE design
and tolerability, better tools for monitoring compliance, and a clearer understanding of how
pathogens are transmitted in various healthcare settings will all be important. Nonetheless, we
must understand that decisions to utilize and then appropriately use recommended PPE are
rooted in HCP behavior. Failure to develop interventions to drive expected behaviors
surrounding PPE use will reduce the impact of advancements in PPE design. We have
extensive experience in the creation and successful implementation of a program designed to
change and hardwire HCP behavior surrounding another important infection prevention practice,
hand hygiene.34 This program, that partners standardized auditing of HCP practice with a
foundation of data feedback, real-time peer-to-peer interventions to professionally redirect
noncompliant behaviors, and performance accountability, resulted in marked improvement in
hand hygiene compliance in a population of over 12,000 HCP.34 Such a program will be
important as we strive to improve the effectiveness of PPE to protect HCP and their patients.
Proposed Vanderbilt Epicenter for the Prevention of Healthcare-Associated Infections:
As illustrated above, there remain gaps in understanding the reasons for lapses in PPE use, in
the development of tools to improve PPE effectiveness, and, ultimately, and in the optimal
manner to implement these precautions to reduce HCP harm and HAIs. In order to address the
need for fully-powered, rigorous studies on HAIs and their prevention, the CDC developed the
Epicenters network in 1998. Through the Epicenter program, a multitude of innovative and
highly productive investigations have been conducted that have advanced our understanding of
the detection, burden, and prevention of many major HAIs.37-41 This network is ideally suited to
examine the key questions surrounding the prevention of contagious pathogens spread through
contact with infected patients and their environment, the barriers to successful PPE use by
HCP, and the need to improve adherence to these important infection prevention strategies.
While not previously a member of the Epicenter network, Vanderbilt’s Department of
Infection Prevention has a robust history of successful and innovative infection prevention and
healthcare epidemiology programs that have led to marked reductions in HAIs and have
advanced the understanding of important infection prevention issues.34,42-44 Importantly,
members of the Department and the proposed Epicenter have been recognized as leading

experts in occupational infection prevention. Dr. Thomas Talbot (PI for the proposed Vanderbilt
Epicenter) has conducted original research studies examining the risk of pathogen transmission
from recipients of live and live-attenuated vaccines,45,46 post-exposure management of HCP
following B. pertussis exposures,47 and prospective surveillance of respiratory virus shedding in
asymptomatic and symptomatic HCP.48 He is also an advocate for using occupational infection
prevention strategies as important patient and HCP safety interventions.34,49-52 Dr. William
Schaffner (Advisory and Steering Committee Member) is an international authority on infection
prevention and hospital epidemiology. His investigations into the burden of vaccine-preventable
diseases and the importance of HCP immunization have been widely recognized.
Vanderbilt Epicenter investigators also have extensive research experience focused on
other aspects of healthcare epidemiology and HAI prevention, including the epidemiology of
MDROs,53-57 the burden and prevention of vaccine-preventable diseases,58-60 HAI outbreak
detection and management,57,61-63 and interventions to reduce HAIs.34,42,44,64-67 In addition, they
have coupled this experience with extensive work implementing and overseeing operational
infection prevention programs. As a function of their roles as hospital epidemiologists at a
variety of healthcare settings (academic, tertiary care medical center, community-based acute
care facility, Veteran’s Affairs hospital), several of the Vanderbilt Epicenter investigators and
collaborators have extensive operational experience in HAI surveillance, outbreak investigation,
and the epidemiology and burden of adverse events in healthcare facilities.
Epicenter Investigators and Collaborators: The Vanderbilt Epicenter’s investigators,
collaborators, and consultants comprise a diverse group of individuals with expertise in many
key areas germane to healthcare epidemiology, occupational infection prevention, pathogen
transmission, and HCP protection. They have served as successful collaborators, both in
research and clinical care capacities, providing a rich infrastructure for multidisciplinary
investigation. Through this group of skilled investigators, the Vanderbilt Epicenter will be
uniquely positioned to conduct important and innovative clinical investigations into the use of
PPE and the impact on HCP and environmental contamination, HCP compliance, and the
impact on pathogen transmission.
Thomas R. Talbot, M.D., M.P.H. (Principal Investigator): Dr. Talbot is an Associate
Professor of Medicine and Preventive Medicine at Vanderbilt University School of Medicine and
also serves as the Chief Hospital Epidemiologist for Vanderbilt University Medical Center
(VUMC). His clinical epidemiologic research has focused on occupational infection
control,44,48,59,68,69 including the use HCP vaccination as a means to reduce patient and HCP
morbidity, secondary transmission from vaccinations,45,46,70,71 and management of vaccinated
HCP exposed to contagious infections. Clinical investigations include two NIH-funded studies
examining the transmissibility of smallpox vaccination sites and the impact of site dressing on
viral shedding and a CDC-funded study examining the effectiveness of post-exposure
prophylaxis in Tdap-vaccinated HCP exposed to pertussis.46,47,71 He served as the chair of the
Society for Healthcare Epidemiology of America’s (SHEA’s) Task Force on Influenza
Vaccination of Healthcare Personnel in 2005 and 2010 and was lead author on the SHEA
Position Paper advocating for influenza vaccination as a condition of HCP employment.51 More
recently, his work has included the development of a hand hygiene improvement program as a
tool for changing HCP behavior and driving a safe, accountable quality culture.34 Dr. Talbot
currently serves as a member of the CDC’s Healthcare Infection Control Practices Advisory
Committee (HICPAC), and recently served on the Board of Directors for SHEA. He also
currently co-chairs the Tennessee Department of Health’s multidisciplinary advisory group that
oversees efforts focused on HAI prevention and reporting in the state. As a part of his role as
the Chief Hospital Epidemiologist, he oversees the surveillance and prevention of HAIs at
VUMC. He also was the physician lead for the extensive VUMC EVD planning and
preparedness efforts last fall, which included PPE selection, clinical protocol development,

patient screening and triage processes, and HCP training. He also provided content expertise
into the design of the Vanderbilt Communicable Disease Response Unit (CDRU), a dedicated
unit for the evaluation and care of patients with highly-infectious diseases.
George Nelson, M.D. (Investigator): Dr. Nelson graduated from Princeton University in
2002 and Case Western Reserve School of Medicine in 2006. He completed residency training
in Internal Medicine at Vanderbilt University and then served as an Epidemic Intelligence
Service (EIS) officer at the CDC in the National Center for Immunization and Respiratory
Diseases where he investigated transmission dynamics and control efforts during various
outbreaks.72-75 He was recognized for his contributions in outbreak control with the NCIRD
Honor Award: Excellence in Public Health Protection. He has also served as PI on a large scale
evaluation of over 9,500 invasive group A Streptococcal infections in the U.S. during a 7 year
period (document currently in CDC clearance review). He then completed infectious diseases
fellowship at Johns Hopkins Hospital. Dr. Nelson joined the faculty at Vanderbilt in 2014. He
currently serves as the Associate Hospital Epidemiologist for VUMC and Associate Director of
Antimicrobial Stewardship at Vanderbilt. His primary research interests focus on the prevention
of MDRO infections and antimicrobial stewardship. He is currently overseeing an investigation in
MDRO bacteremia and a substudy on MDRO colonization in India including more than 1,000
patients. Dr. Nelson was also heavily involved with VUMC EVD preparedness last fall, assisting
on all aspects of EVD infection prevention planning, including PPE use and HCP training. He
also serves on the Tennessee Antibiotic Resistance Task force and chairs the VUH C. difficile
Task Force.
Steven S. Spires, M.D. (Investigator): Dr. Spires graduated from Mercer University School
of Medicine in 2009. He completed residency training in Internal Medicine and fellowship
training in Infectious Diseases at Vanderbilt University. He joined the faculty at Vanderbilt in
2014. He currently serves as the Hospital Epidemiologist at both Williamson Medical Center and
the Tennessee Valley VA Healthcare System. He recently led an investigation into a
healthcare-associated respiratory viral illness outbreak in a geriatric long term care unit. He
also served as the regional clinical lead for the Ebola Preparation Taskforce for the VA Mid
South Healthcare Network. His primary research interests are focused on the prevention of
outpatient central line-associated bloodstream infections, the increased healthcare utilization
associated with outpatient central lines, and HAI prevention in a community hospital setting.
Arna Banerjee, M.D. (Investigator): Dr. Banerjee is an Associate Professor of
Anesthesiology and Critical Care Medicine at Vanderbilt University School of Medicine and
Assistant Dean for Simulation in Medical Education. She directs the Center for Experiential
Learning and Assessment (CELA). Her research interests include the use of high-fidelity
simulation-based training and clinical performance assessment as educational tools.76,77 She
has served as the VUMC Anesthesiology Resident’s Simulation Director and is currently the
Director for the Simulation Program for the American Society of Anesthesiology Maintenance of
Certification in Anesthesiology courses conducted at VUMC.
Epicenter Collaborators:
Gerald B. Hickson, M.D.: Dr. Hickson is the Senior Vice President of Quality, Safety and
Risk Prevention, Assistant Vice Chancellor for Health Affairs, and Joseph C. Ross Chair of
Medical Education and Administration at Vanderbilt University School of Medicine. Since 1990,
Dr. Hickson’s research has focused on why families choose to file suit, why certain physicians
attract a disproportionate share of claims and how to identify and intervene with high-risk
physicians. His work has resulted in over 150 peer review articles and chapters; several
educational initiatives to promote disclosure of medical errors and address behaviors that
undermine a culture of safety; and the development of PARS® (Patient Advocacy Reporting
System), a program that uses unsolicited patient complaint data as the basis for tiered
interventions on high-risk peer colleagues and has been implemented in more than 70 hospitals

and health systems nationwide. In this operational role as Senior Vice President of Quality,
Safety and Risk Prevention, Dr. Hickson is charged with bringing greater alignment among
VUMC’s efforts to improve quality and the patient experience through collaborations spanning
the institution with informatics, hospital operations, learning initiatives, and the Vanderbilt Health
Affiliated Network. Dr. Hickson currently serves as Chair of the Board of Directors of the
National Patient Safety Foundation (NPSF) and as Chair of the Board of Professionals in
Patient Safety (CBPPS). The Department of Infection Prevention reports directly to Dr. Hickson,
and he will serve as the Epicenter liaison to VUMC operations and administration to help ensure
successful completion of the Vanderbilt Epicenter projects.
Greg Wilson, M.D.: Dr. Wilson graduated from Johns Hopkins School of Medicine in 1987.
He completed residency training in Pediatrics and fellowship training in Pediatric Infectious
Diseases at the Monroe Carell Jr. Children's Hospital at Vanderbilt (MCJCHV). He joined the
faculty at Vanderbilt in 1996. As the Chief Hospital Epidemiologist for the MCJCHV, he directs
efforts focused on the prevention HAIs in pediatric patients. Dr. Wilson will serve as the
Epicenter liaison for any projects targeted in pediatric healthcare settings.
Vanderbilt Epicenter Advisory and Steering Committee: An advisory and steering
committee comprised of individuals with expertise regarding various aspects of infection
prevention, pathogen transmission, occupational health, HCP protection, use of PPE, and
environmental safety will be created to guide the Epicenter’s research program. Facilitated by
the Vanderbilt Epicenter program coordinator, this committee will meet quarterly to assess
progress on the epicenter projects, advise the development of new study protocols, review
responses to new call for proposals set forth to the epicenter network, and assess barriers to
study completion. We will invite and encourage CDC Epicenter leader participation at these
sessions to ensure tight communication with and guidance from these partners. The following
individuals have agreed to serve as initial members of the Vanderbilt Epicenter Advisory and
Steering Committee:
C. Buddy Creech, M.D., M.P.H.: Dr. Creech is an Assistant Professor of Pediatrics and is
board-certified in Pediatric Infectious Diseases. He also serves as the Associate Director of the
Vanderbilt Vaccine Research Program (VVRP) and as Co-PI of the NIH-sponsored Vanderbilt
Vaccine and Treatment Evaluation Unit (VTEU). Dr. Creech has conducted clinical and
translational research for the past fifteen years, focusing on the epidemiology of bacterial
infections and vaccine-preventable diseases.64,78-84 His primary focus has been on defining the
clinical and molecular epidemiology of S. aureus disease, in particular, MRSA in children and
adolescents. In his role as Co-PI of the VTEU, he has conducted numerous Phase I-IV clinical
trials of vaccines in infants, children, and adults. As a result of his knowledge of clinical
research and collaborations in place with other investigators at Vanderbilt, he is uniquely
positioned to combine expertise in clinical epidemiology, molecular epidemiology, and human
immunology to answer fundamental questions regarding bacterial and viral diseases in children
and pediatric healthcare settings. In July 2015, he will transition to the role of Director of the
VVRP and Principal Investigator of the VTEU. Dr. Creech also leads the VVRP Laboratory, a
translational science laboratory with expertise in molecular epidemiology of gram-positive
organisms (e.g., streptococci and staphylococci) and human immunology, including functional
assessment of human antibodies. The work of the laboratory includes experiments designed to
answer questions regarding staphylococcal colonization in infants, children, and adults.
Marion Kainer, M.D., M.P.H.: Dr. Kainer is an infectious diseases physician and serves as
the Director of the Hospital Infections and Antimicrobial Resistance Program for the Tennessee
Department of Health (TDH). She has over 20 years of experience in infection control, hospital
epidemiology and antimicrobial stewardship.55,85-90 She was an EIS officer in the Division of
Healthcare Quality Promotion (DHQP), CDC from 2000-2002. She is the chair of the HAI
subcommittee, and co-chairs the HAI data standards committee for the Council of State and

Territorial Epidemiologists (CSTE). She also co-chairs the CDC’s National Healthcare Safety
Network (NHSN) steering working group and is a liaison to the NHSN change control board.
She is a member of the CDC/CSTE antimicrobial resistance surveillance taskforce which was
formed in response to CSTE position statement 13-SI-01 on strengthening antimicrobial
resistance surveillance; Dr. Kainer was the submitting of author of that position statement. She
was honored by the White House as a Champion of Change for Prevention and Public Health in
2013. Dr. Kainer was a member of the antibiotic resistance work group for the President’s
Council of Advisors in Science and Technology (PCAST) that issued its report in September
2014 and was accompanied by the President’s Executive Order on Combating Antimicrobial
Resistant Bacteria. Dr. Kainer has been nominated by CSTE to be a member of the
Presidential Advisory Council for Combating Antimicrobial Resistant Bacteria. Dr. Kainer also is
a member of the TDH mission coordination group for Ebola response and many of her staff hold
key leadership roles under incident command structure (ICS) at the TDH State Health
Operations Center.
William Schaffner, M.D.: Dr. Schaffner is a Professor of Preventive Medicine in the
Department of Health Policy, Professor of Medicine in the Division of Infectious Diseases, and
Associate Hospital Epidemiologist at VUMC. He has been a leading expert in the field of
healthcare epidemiology for over 40 years. He served in the U.S. Public Health Service as an
EIS Officer with the CDC from 1966 to 1968. He then returned to Vanderbilt and established a
close collaboration with the TDH that continues to the present. He has authorized or coauthored
many peer-reviewed articles on important infection control and public health topics, including
antibiotic resistance, outbreaks of nosocomial infections, immunization practices and infection
control for patients infected with HIV.56,57,60,62,91-96 He has served as President of SHEA (1983)
and the National Foundation for Infectious Diseases (2010-12); he has served on the Board of
Directors of the International Federation of Infection Control (1985-90) and twice on the elected
Board of the Infectious Diseases Society of America (2000-3; Secretary 2007-10). He is a
Senior Associate Editor of Infection Control and Hospital Epidemiology and Associate Editor of
the Journal of Infectious Diseases. He has written over 480 scientific articles and textbook
chapters and is a consultant in public health policy and communicable disease control for
numerous local, national, and international institutions, including the CDC and the WHO among
others. He also serves as co-Principal Investigator for the Tennessee Emerging Infections
Program which conducts studies of community and hospital-onset MRSA, C. difficile and
influenza infections and other pathogens. He served as the Hospital Epidemiologist at
Vanderbilt for over 35 years until 2006, where under his direction, the Department became a
major influence in the prevention of HAIs throughout the region.
Melanie Swift, M.D.: Dr, Swift, the Medical Director of the Vanderbilt Occupational Health
Clinic, joined the Vanderbilt faculty in 1995 after a residency in Internal Medicine at Brown
University. She attained her MD from the University of Tennessee in Memphis. Dr. Swift
provides oversight to all occupational health programs and clinics serving approximately 26,000
employees of Vanderbilt University and VUMC. Dr. Swift is past president of the Tennessee
College of Occupational Environmental Medicine and is currently the Chair of American College
of Occupational and Environmental Medicine (ACOEM) Medical Center Occupational Health
Section. Through her leadership, the VUMC Occupational Health Clinic oversees all aspects of
the employee health and safety program, including new employee evaluations, annual influenza
vaccination and tuberculin skin testing, work-related illnesses or injuries, and exposures to
contagious diseases. She has also been an active member of the VUMC EVD preparedness
team, particularly regarding PPE selection and use protocols and HCP monitoring post-EVD
exposure.
Patty W. Wright, M.D.: Dr. Wright serves as the Associate Vice Chair for Clinical Affairs in
the Department of Medicine and is the Associate Director for Clinical Affairs in the Division of
Infectious Diseases. She graduated from the University of Alabama School of Medicine in

Birmingham. She completed her residency in Internal Medicine and her fellowship in Infectious
Diseases, both at the University of Alabama at Birmingham. Dr. Wright has chaired the
Antibiotic Subcommittee of the VUMC Pharmacy and Therapeutics Committee since 2003 and
has led the development of the Vanderbilt Antibiotic Stewardship Program since its inception.
She has also been an active member of the VUMC EVD preparedness team, particularly in the
areas of physician staffing and training.
Mary Yarbrough, M.D., M.P.H: As the Executive Director of Vanderbilt's Faculty/Staff
Health and Wellness Programs, Dr. Yarbrough has responsibility for engaging employees of
Vanderbilt and other Mid-South employers in innovative programs that maximize well-being and
productivity. Dr. Yarbrough joined the Vanderbilt faculty following a career in preventive
medicine at the state, national and international levels. She translated these experiences into an
integrative occupational model that integrates workplace, personal, and psychosocial services
to influence health and safety.97,98 Prior to coming to Vanderbilt, Dr. Yarbrough served as the
Director of Environmental Epidemiology for the State of Tennessee where her responsibilities
included oversight of a multimillion U.S. Department of Energy grant evaluating the impact of
historical offsite contaminant releases from the Oak Ridge Nuclear Reservation. Her
international experiences have included community development in Africa and work with the
Flying Doctor helicopter service in the jungles of Southeast Asia. She has served as a
consultant to the WHO. Dr. Yarbrough was Principle Investigator in a series of contracts to
develop a blueprint for a national surveillance system to monitor PPE for the CDC. Her
preventive medicine programming at Vanderbilt has received national and international
recognition, including the ACOEM Corporate Health Achievement Award and the prestigious C.
Everett Koop Award in health promotion.
Specific Aims of the Vanderbilt Epicenter Research Plan:
The proposed Vanderbilt Epicenter research plan outlined below is designed to examine
several important issues surrounding pathogen transmission, use and misuse of PPE, and
methods to improve the protection of HCP and their patients. The proposed studies also
harness Vanderbilt’s expertise in the use of simulation training and tools (Aim I),76 monitoring
and feedback of practice compliance using a model of shared accountability (Aim II),34,99 and the
performance of quasi-experimental studies of infection prevention interventions in an
operational setting (Aim III).65 Successful completion of the proposed studies will improve the
capacity to prevent and control the spread of EVD, MDROs, C. difficile and other infectious
pathogens with similar modes of transmission in healthcare settings, thereby helping to prevent
and control both current and future outbreaks.
Specific Aim I: To examine risk factors for HCP self-contamination with the donning,
use, and doffing of PPE used for Contact, Droplet, and EVD-Specific Precautions using
simulation laboratory techniques.
Specific Aim II: To evaluate in a variety of clinical care settings the effectiveness of a
standardized PPE compliance auditing tool coupled with a tiered accountability
framework.
Specific Aim III: To investigate the impact of preemptive Contact Precautions for
residents of long-term care facilities admitted to acute care units, including the impact
on the rate of hospital acquisition of MDRO and C. difficile and unintended
consequences (e.g. frequency of HCP contacts, patient falls) due to this isolation
strategy.
Specific Aim I: To examine risk factors for HCP self-contamination with the donning, use,
and doffing of PPE used for Contact, Droplet, and EVD-Specific Precautions using
simulation laboratory techniques.

SIGNIFICANCE: This project will use simulation to evaluate and examine risk factors for HCP
self-contamination with the donning, use, and doffing of PPE used for Contact, Droplet, and
EVD-Specific Precautions. Several studies suggest that PPE training maybe inadequate and
may vary by type of HCP and clinical area.100,101 In examining issues with PPE effectiveness, it
is important to evaluate PPE use under a variety of clinical circumstances. Conducting such
investigations using HCP engaged in actual patient care can be very challenging. As such,
recent studies have investigated PPE use and the risk of self and environmental contamination
using simulation assessments. Using a non-pathogenic bacteriophage (MS2) and simulation
training, Casanova et al examined the risk of contamination and breaches with the use PPE
among 10 volunteers.102 Following the donning of PPE (gown, gloves, eye protection, and an
N95 particulate respirator) that were contaminated with MS2 at strategic locations, the study
subjects measured blood pressure on a simulation manikin and then doffed the PPE
components. Bacteriophage contamination of the hands and underlying clothing of the
volunteers occurred in a majority of instances (hand contamination 70-90%, clothing 75-100% of
instances).
Investigators at the University of Nebraska Medical Center also employed simulation
assessment to examine donning, use, and doffing of the PPE used with Contact (i.e. gown and
gloves) and Airborne (i.e. N95 respirator) Precautions.103 Ten HCP volunteers were observed
using video monitoring for breaches in recommended practices while performing a simulated
patient care scenario. These breaches were assessed independently by three study
investigators. Fluorescent markers (Glo Germ™ powder) were also placed on strategic
locations in the simulation room, including on the patient’s gown front and arms, the bedside
table, and the bed handrails. Following PPE doffing, each subject was examined for selfcontamination of the fluorescent powder. Every participant committed at least one breach in
PPE use, including touching unprotected areas of the body with contaminated PPE and
unnecessary touching of surfaces in the room. Contamination with the fluorescent powder was
detected on 80% of the subjects.
In a follow up investigation, this team examined compliance with isolation practices among
24 nurses using a simulated patient care setting.104 Using methods similar to those noted
above, poor compliance with PPE donning, in-room PPE use, and PPE doffing was noted.
Example breaches included failure to tie gowns at the neck, touching of the face or other
nonprotected areas with contaminated gloves, and failure to doff PPE as per recommendations.
Casanova et al compared the use of single vs. double gloving while performing a vital signs
assessment on a simulation manikin and the risk of MS2 nonpathogenic bacteriophage
contamination of the PPE components and participant hands.105 Among the 18 HCP
volunteers, hand contamination with MS2 was significantly more frequent with the use of a
single pair of gloves (occurring in 78% of volunteers vs. only 28% of volunteers when double
gloving was utilized, p = 0.006). Errors in PPE removal were frequent in both scenarios (72%
with any error in double gloving scenarios; 67% in the single gloving scenario). Importantly,
contamination occurred even with a visible PPE removal protocol present for reference during
the scenario, suggesting the need for additional strategies to improve compliance along with
these “just-in-time” reminders.
Lai et al examined the risk of contamination with different glove removal techniques using a
fluorescent solution. Glove removal using any technique led to environmental contamination.106
Wong and colleagues identified a variable risk of HCP contamination between different types of
PPE (gowns or aprons) using simulated respiratory secretion exposure with a fluorescein
solution.107 A randomized crossover study of 50 subjects wearing novel respiratory pathogen
precautions PPE (gloves, gown, N95 particulate respirator, face shield, and hair cover with and
without a powered air-purifying respirator [PAPR]) also used fluorescein solution to assess
contamination with PPE use. The solution was atomized onto the HCP while in the PPE,
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mimicking exposure to respiratory droplets. Contamination was greater in those who did not
wear the PAPR, with the anterior neck, forearms, wrists and hands the most common areas of
contamination.108
Finally, Guo et al examined the risk of breaches and environmental contamination with the
use of three types of protective gowns and two different recommended strategies of gown
removal.109 Contamination was assessed using a fluorescent lotion (detected by ultraviolet
units) mixed with olive oil and water to mimic infectious aerosol particles. Subjects received
video training on the use of PPE and, once PPE was donned, were exposed to a spray of lotion
on the upper torso. PPE was then doffed in a separate area. Environmental contamination was
significantly lower when using a gown removal method that pulled the gown away from the
wearer during doffing. The researchers also noted that hand contamination was significantly
higher among subjects who had at least 16 years of clinical experience (perhaps due to a false
sense of competency with PPE use), while nurses had a higher rate of shoe contamination
when compared to other provider types. A cotton gown was associated with lower
contamination of the environment when compared to a water-resistant gown and a disposable
plastic apron; however, undergarment contamination was increased with use of the cotton
gown.
While these studies are advancements in the understanding of and risk for breaches in PPE
use, there are several key limitations. First, the number of HCP studied was relatively limited, in
part due to the complexities and costs of simulation assessments (Figure 2). Second, the
simulation scenarios involved single patient care tasks (e.g. blood pressure assessment) rather
than a more complex patient interaction than is common during patient care. Finally, the
duration of the scenarios were short and may not have captured issues and risk factors
associated with more prolonged PPE use.
For this study Aim, we will utilize the expertise of investigators from the Vanderbilt Center for
Experiential Learning and
Assessment (CELA).77,110-112
Figure 2: Total Number of Subjects in Studies
Directed by Arna Banerjee (an
Examining PPE Breaches Using Simulation
Epicenter Investigator), CELA is an
Tools
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100
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simulation utilizing state-of-the-art
0
manikins. CELA optimizes the
benefits of simulation by means of
deliberate practice and multiple
layers of thoughtful feedback and
assessment, with a view towards
enhancing professional
communication skills and the mitigation of human error in the delivery of patient care. We aim to
assess the frequency of and risk factors for PPE breaches using a larger study population and
more complex scenarios that mimic typical patient care activities during which PPE is used.
INNOVATION: The main innovation of this study Aim is that the majority of prior studies were
on single evaluations of PPE breaches (double vs single gloves as example), where the current
study will be comprehensive and employ longer and more complex scenarios that mirror actual
HCP activities. In addition, 3 different precaution scenarios will be assessed. We will also use a
cohort of HCP that is larger than in published investigations of this issue. We believe that patient
care settings will not provide this opportunity because such activities usually occur in timepressed, uncontrolled environments where patients must take precedence. Simulation has been

widely touted as a tool to improve clinical care and patient safety. It is a broad construct that
ranges from role-playing to full-scale manikin-based Realistic Patient Simulation (RPS) and
includes standardized patients (SP) and partial task trainers of varying sophistication. Realistic
Patient Simulations can involve fully interactive simulation environments containing all clinical
equipment and cues found in the patient care environment.113 The manikin to be used in this
project (SimMan™) is a computer-controlled plastic patient that generates or emulates
physiological findings (e.g. ECG, invasive and non-invasive blood pressure, lung sounds,
palpable pulses). The manikin’s head contains a speaker so that the participant can converse
with the ‘patient’ when contextually appropriate. The manikin responds to clinical interventions
just as a patient would. Thus, participants interact with a realistic cognitive and physical
representation of the full acute care environment and thereby experiences emotional and
physiologic responses similar to those experienced in real situations.114
We will also use Standardized Patients (SP). SPs are persons recruited and trained to
simulate an individual with a specific clinical story and respond accurately and reliably to
questions regarding the medical condition or illness portrayed during a clinical encounter. SPs
are trained to communicate emotional or contextual aspects of the scenario. The concept of SP
has been applied to a wide range of training and assessment exercises that now include
standardized family members, clients, standardized examinees and members of healthcare
teams. In this study, we will use SPs as well as Simulated Clinicians (SC) who as team
members will enhance the realism of the scenario. SPs have been effectively used in healthcare
research, including clinician training, quality improvement and patient safety.77 Successful
completion of this Aim will result in an in depth-understanding of the frequency of and risks for
lapses in PPE use and will inform the development of a standardized PPE compliance audit tool
for use in a wide array of healthcare settings. Implementation of this tool will be the focus of
Aim II. This may also lead to further studies on the use of these tools and infrastructure to train
HCP on appropriate PPE use.
APPROACH:
RESEARCH DESIGN AND METHODS:
Study design: High-fidelity simulation experiments performed using three transmissionbased precaution scenarios.
Study eligibility: HCP will be recruited for participation in the experimental assessments.
The target sample size is 150 subjects with an explicit goal for a diversity of HCP types (i.e.
physicians, nurses, and house staff). Eligible subjects must be currently working in a healthcare
setting. Because the intricacies of EVD-specific precautions, for the scenarios focused on this
type of precautions, volunteers will be recruited from members of the Vanderbilt Communicable
Disease Response Team (CDRT). The CDRT consists of HCP from the following disciplines:
nurses, physicians (including Epicenter Investigators Talbot and Nelson), paramedics, and
educators. Each team member possesses knowledge and/or skills necessary to care for
patients who require intensive medical care. Each volunteer also receives intensive periodic
(quarterly) training in the care of patients with highly communicable, serious infectious diseases.
Training includes specific disease pathology, PPE use, and EVD infection prevention protocols.
Participants will be paid for participation in this study.
Study locations:
Center for Experiential Learning and Assessment (CELA): Most of the experiments
will occur in the Vanderbilt CELA. This is an 11,000+ sq. ft. facility that includes a 1,100 sq. ft.
simulation suite for manikin-based simulation. This structure allows two separate simulations to
run simultaneously, configured jointly as a six-bed ED, four-bed ICU or PACU, or a combination
of these, or to be a large single simulation suite that can be used for simulations. The suite also
has a virtual reality training room, available 24/7, equipped with the latest in virtual reality
simulators and partial task trainers designed to train advanced medical procedures.

Another core program involves the use of SP in simulations. This program is housed in a
7000 sq. ft. suite which consists of 12 fully equipped exam rooms, with the latest audiovisual
and computer capabilities and one-way viewing mirrors into the exam rooms. Additional facilities
are a designated student orientation room equipped with full audiovisual capabilities, a private
observation room with monitors to watch student encounters and provide feedback through a
software interface, two control rooms for operating the center’s audio visual and software
components, and a standardized patient lounge for use during events as well as a dedicated
conference room for SP training and overflow during full capacity.
Communicable Disease Response Unit (CDRU): For the EVD-Precautions scenarios,
we will also utilize the Vanderbilt CDRU. The CDRU (Figure 3) is a state-of-the-art facility
designed for the care of a patient with a rare or unknown, highly communicable disease, such
as EVD or MERS-CoV. The unit consists of several distinct areas: patient room, anteroom, PPE
doffing area, and nurse’s station. It provides a safe environment to care for patients while
protecting staff, other patients, and the local community. Patient is care is provided by the
CDRT.
Study
procedures:
Three
transmissionbased precaution
scenarios will be
utilized (Table 2).
These will involve
Contact
Precautions (PPE:
gown and gloves),
Droplet
Precautions (PPE:
surgical mask),
and EVDPrecautions (PPE:
PAPR, eye
protection, hood,
gown, double
gloves, leg
coverings, and apron). For the Contact Precautions scenario, subjects will perform a brief
history and abbreviated physical exam along with a simulated wound dressing change. For the
Droplet Precautions scenario, subjects will perform a brief history and abbreviated physical
examination along with management of a urinary catheter (including emptying of collection bag).
For the EVD-Precautions scenario, subjects will perform a brief history and abbreviated physical
exam along with medication administration through an intravenous catheter. Non-CDRT
personnel will participate in both the Contact and Droplet scenarios (A-D in Table 2), while only
CDRT members will participate in the EVD-Precautions scenario (E & F in Table 2). Each
scenario will have a standard 10 minute
Table 2: Simulation Scenarios for Aim I
duration and a prolonged 20 minute
Standard
Prolonged
duration (in which the exam is a
Scenario
Duration
Duration
standard physical exam) to assess the
(10 mins)
(20 mins)
impact of prolonged PPE use on
Contact Precautions
A
B
compliance.
Droplet
Precautions
C
D
Using a fluorescent compound to
EVD-Precautions
E
F
reproduce contaminants in assessing

contamination rate is effective and can be utilized for comparison with body and environmental
contamination levels.106-108 A fluorescent powder (Glo Germ Co, Moab, UT)115 especially
developed for determining hand hygiene compliance will be used in this study. The powder will
be applied in standardized amounts at locations surrounding and on the simulated patient (on
patient’s upper torso and arms, within the simulated wound for scenarios A & B, on the urinary
collection bag for scenarios C & D, on the peripheral IV hub in scenarios E & F, on both bed
rails, and on the patient’s bedside table) prior to the scenario start. Subjects will be blinded to
the locations of powder placement.
Study outcomes and assessment:
1) Lapses in PPE use: These will be captured via video monitoring and recording of each
subject experiment from PPE donning through PPE doffing. Two independent investigators will
review every scenario and note the frequency and type of breaches in the use of PPE.
Investigators will be trained on a standardized method for reviewing each scenario and will use
a standardized abstraction tool. The time of the lapse in relation to scenario start will be
captured to examine the impact of the duration of PPE use.
2) HCP and environmental contamination: Contamination will be assessed using
ultraviolet light inspection of the subjects following doffing of PPE and of the simulation room
environment to assess for the number of contamination events during each scenario. The rooms
will be cleaned prior to each experiment to avoid cross-contamination.
Analysis: A descriptive analysis of the frequency (number per minute of scenario time),
number, and types of lapses in PPE use will be performed. The number of self and
environmental contamination events (defined as an identified patch of fluorescent powder
located in these areas) will also be described as a quantitative number and an event rate per
minute of scenario time. Lapse and contamination rates will be compared between each
scenario type (Contact, Droplet, and EVD), scenario duration (standard vs. prolonged), and
HCP type (physician, nurse, other) using Student’s t-test or Wilcoxon Rank Sum test (for
duration comparison) and ANOVA or Kruskal-Wallis analysis (for precaution type and HCP type
comparison given >2 study groups). For categorical outcomes (e.g. the number of lapses)
Fisher’s Exact Test will used for comparisons.
Limitations: Even with a larger study cohort, the sample size will limit the ability to examine
nuanced details in patient care while wearing PPE that lead to lapses. Nonetheless, this will be
one of the largest and most complex simulation experiments on PPE use published to date.
Specific Aim II: To evaluate in a variety of clinical care settings the effectiveness of a
standardized PPE compliance auditing tool coupled with a tiered accountability
framework.
SIGNIFICANCE: The lessons learned from hand hygiene improvement programs may be
helpful when examining methods to audit and improve PPE compliance among HCP. Various
innovative interventions to facilitate hand hygiene compliance have been developed over the
past decade. These include visible and tactile monitors that alert the HCP to perform hand
hygiene in real-time, user-friendly alcohol-based hand rub dispensers that provide easy access
to hand hygiene materials, and enhanced monitoring tools.116 These interventions not only
incorporate the practice of hand hygiene into the workflow of HCP but also explicitly emphasize
the importance of performing this essential infection prevention practice. Nonetheless, even
with advancements in hand hygiene monitoring, messaging, and access to product, because
the decision to perform hand hygiene is ultimately rooted in the behavior of the HCP, failure to
develop interventions to drive expected behaviors will reduce the impact of these tools. PPE
compliance is very similar, as even with advances in the PPE that may facilitate donning, use,
and doffing, the underlying determinant of safe PPE utilization is rooted in HCP behavior.

Hand hygiene compliance monitoring has now become a central part of infection prevention
programs at most healthcare facilities, and these data are being used on a large-scale as
measures of healthcare quality.117 In Australia, for example, the creation of the National Hand
Hygiene Initiative in 2009 required the reporting of hand hygiene compliance in all Australian
hospitals using a standardized methodology.118 The development of a standardized
measurement and education process for hand hygiene, the “Five Moments for Hand Hygiene”
developed by the WHO, was a major advancement that provided healthcare facilities with a set
of tools to improve hand hygiene compliance.36 In contrast, standardized tools for auditing PPE
compliance akin to the “Five Moments” methodology are absent. Ideally, these tools should be
guided by data on practices that increase the risk for PPE breaches and the associated
contamination of HCP and the environment.
As noted previously, we have extensive experience in the creation and successful
implementation of a hand hygiene compliance improvement program that partners
standardized, wide-scale auditing of HCP practice with a foundational structure of data
feedback, real-time peer-to-peer interventions to professionally redirect noncompliant behaviors,
and performance accountability.34 Implemented in July 2009, the comprehensive program
included extensive project planning, leadership buy-in and goal setting, financial incentives
linked to performance, and use of a system-wide, shared accountability model. Compliance is
monitored by direct observation of practice, and every inpatient and outpatient patient care area
must designate a HCP to serve as an observer. Observers, once trained in the audit
methodology, monitor locations other than their own on a monthly basis. This system has
created an interdependence of unit leaders upon one another to provide important data to help
drive improvement.
A central part of the program includes a formalized process for redirecting noncompliant
behavior in real-time and a formal tiered accountability process that elevates units with
compliance below institutional goals to receive more directed intervention. Using a tiered
pyramid approach,99 unit leaders with compliance rates below institutional goals are made
aware of their performance compared to their peers, and if improvement is not noted, enhanced
interventions occur. This program covers over 200 distinct clinical units (inpatient, outpatient,
and procedural) and has captured over 250,000 observations of practice to date. It has resulted
in significantly improved and sustained compliance rates (from 52% at program start to 96% for
the current fiscal year), has been associated with reductions in HAIs, and, most importantly, has
help drive a culture where monitoring and real-time correction of HCP behaviors is expected
and accepted as an important safety intervention.34 The success of this program was
recognized in 2014 when the study manuscript was designated by SHEA as the year’s top
research paper published in the premier healthcare epidemiology journal, Infection Control and
Hospital Epidemiology.119
We propose that ensuring compliance with transmission-based precautions and PPE must
be driven by the same tenets and interventions used in improving hand hygiene compliance.
While novel, more “user-friendly” types of PPE may be necessary to facilitate compliance,
failure to hardwire practice through standardized process monitoring, shared accountability for
performance, and professional real-time reminders will limit the effectiveness of improved
equipment. This study Aim will examine the utilization and impact of a standard PPE compliance
auditing tool folded into a shared accountability program model. Our hypothesis is that such a
tool will aid in capturing PPE compliance in a diversity of healthcare settings and that the
overriding process will result in a sustained improvement in practice.
INNOVATION: The primary innovations of this Aim are the development and evaluation of a
standardized tool to audit PPE compliance and the creation of a structured program to hardwire
expected behaviors surrounding safe PPE use. We anticipate that this tool and program

structure can be utilized to improve practice in a wide-array of healthcare facility types, similar to
the impact the standardized hand hygiene compliance tools and programs.
APPROACH:
RESEARCH DESIGN AND METHODS:
Study Design: 1) Audit tool development and field testing; 2) Prospective quasiexperimental phased implementation study.
Tool Development and Initial Evaluation: For this Aim, we will first develop a PPE
compliance audit tool based on learnings from the simulation experiments in Aim I. Information
on the types of breaches in PPE use and the practices that led to these breaches will inform the
tool. A review panel of experts in infection prevention, PPE use, and occupational infection
prevention (consisting of some members of the Advisory and Steering Committee) will
independently review the tool for content validity. An initial evaluation of the tool will then occur
as members of the Vanderbilt Epicenter team will perform direct observation of practices using
the tool. These observations will occur in a variety of healthcare facility types (including adult
inpatient units at a tertiary academic medical center and at a community-based hospital,
pediatric inpatient units, outpatient hemodialysis units, and an inpatient rehabilitation hospital).
Feedback from these pilot observations, including time to complete and ease of use, will lead to
revision of the tool for the second part of this Aim.
Implementation Study:
Study Population: The initial implementation will occur on acute care inpatient units at
Vanderbilt University Hospital (VUH), the Monroe Carell Jr. Children’s Hospital at Vanderbilt
(MCJCHV), and Williamson Medical Center (WMC). The target number of units will be 6 VUH,
6 MCJCHV, and 2 WMC units. All HCP on study units will be included for observation of
practice.
Study Procedures:
Study Outcomes: Overall compliance with PPE use for patients placed in
transmission-based precautions.
Data Collection: Trained observers will utilize the revised audit tool to capture
compliance. A target of 500 observations of individual HCP PPE use events will be collected
per month per study unit. This will provide ~42,000 observations for each study period (500
observations/month/unit * 6 months * 14 units). These observers will be formal Vanderbilt
Epicenter personnel as well as unit and clinic HCP, modeled after the Vanderbilt Hand Hygiene
Program described above. Observers will be trained on the use of the tool in a standardized
fashion.
Study Periods:
Baseline Monitoring Period: During this phase (6 months), PPE compliance will be
audited by trained observers. Aggregate compliance reports with comparison to peer units will
be fed back to unit leadership for dissemination among unit HCP.
Awareness and Accountability Period: Following the Baseline Monitoring Period an
added facet of the program will be implemented with the intent of further improving PPE
compliance. During this phase (6 months), PPE compliance will be audited using similar
procedures to the baseline period. Two added measures will also be implemented: real-time
reminders of lapses in PPE use by the trained observers and a tiered accountability model for
feedback of compliance data (described below). Observers will be trained on how to provide
professional feedback in real-time when lapses or noncompliance are identified.
Tiered Accountability Model for Feedback of Compliance Data: As a part of the
observation process, tiered interventions that follow the model that has been used at Vanderbilt
for several years to improve performance on multiple process and outcome measures, including
hand hygiene, will be implemented. The tiered intervention model operates under the
assumption that the vast majority of professionals will respond to data and improve

performance.34,99,120,121 However, for some, additional interventions are needed to facilitate high
performance. The steps of the tiered intervention (a.k.a. “accountability pyramid”) are described
in detail below (Figure 4).99
Monitoring and Feedback: This tier of the intervention will be implemented as part of the
Baseline Monitoring period and continue into the Awareness and Accountability Period. During
this phase, we will provide ongoing PPE compliance data to unit leader/quality management
teams, including their performance relative to internal peers. We will reinforce their
performance through positive messages from the study team and will ask them to share their
best practices so that we may disseminate to other units for problem solving.
During the Awareness and Accountability Period, two additional tiers will be included.
1) Awareness: If a unit performs below target compliance goals for two or more periods, the
unit leadership will receive written/electronic communication regarding the unit’s below target
performance (see Sample Compliance Awareness Report, Appendix) and will be provided
information about resources available to improve performance, including local peers/units who
are engaged in best practices. To allow units ample opportunity to demonstrate improvement,
they may receive up to two awareness intervention visits before escalation to the next level.
2) Guided Engagement: If performance does not improve after two awareness
interventions, units will receive a guided intervention, which includes in-person sharing of
performance and meaningful comparisons delivered by trained study personnel.
Analysis: The aggregate rates of PPE compliance will be compared between both study
periods, with a null hypothesis that compliance will not significantly improve from the Baseline
Monitoring Period to the Awareness and Accountability Period. The primary analysis will
examine the aggregate compliance in all study units, with an additional analysis stratified by
acute care facility. In addition, a more robust interrupted time-series regression analysis with
Newey-West standard errors will be performed using bimonthly compliance rates.
Figure 4: Tiered Accountability Model for Unit-Based PPE Compliance Performance
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Limitations: Even with a robust observation program, the number of instances of HCP PPE
use observed will be only a small proportion of the total number of these opportunities.
Compliance measurements from the observed events may not be representative of the total, as
there may be a Hawthorne Effect on HCP compliance based on the presence of an observer.
We have encountered this issue with the hand hygiene program as well. Because these
interventions and programs are designed to alter HCP behavior, we have found that even with
the Hawthorne Effect of direct observation, the provision of regular observation and real-time
feedback when lapses are noted has led to a hardwiring to expected behavior (based on other
measures of hand hygiene compliance such as patient and embedded observer reports). We

anticipate a similar effect with the designed observation program. Finally, because the success
of the hand hygiene program is due in part to the institutional culture at VUMC surrounding
quality and to the shared goal of pursuing a robust and reliable quality and safety culture, any
impact identified in our study will need to be examined in other settings, including those where
such a culture is not as mature or robust.
Specific Aim III: To investigate the impact of preemptive Contact Precautions for
residents of long-term care facilities admitted to acute care units, including the impact on
the rate of hospital acquisition of MDRO and C. difficile and unintended consequences
(e.g. frequency of HCP contacts, patient falls) due to this isolation strategy.
SIGNIFICANCE: One factor that may impact the effectiveness of the PPE used to prevent
transmission of pathogens like MDROs and C. difficile centers upon the initial decision to
implement these precautions. Specifically, patient selection for isolation precautions could lead
to transmission if persons harboring these pathogens are not considered for placement into
isolation. With the increasing prevalence of MDROs and C. difficile, specific patient populations
at greater risk for infection and/or colonization with these organisms have been identified. One
such patient population is residents of long term care facilities (LTCF).122,123 LTCFs are
important reservoirs of MDROs, including MRSA,124 extended-spectrum beta lactamase (ESBL)
producers,125 MDR Acinetobacter,126 and C. difficile.127 A prospective cohort study evaluating
transmission dynamics of MDR gram-negative bacteria (MDRGNB) among LTCF residents
during one year of follow up found that 39% of residents acquired at least 1 MDRGNB.128 A
subsequent study evaluating 360 LTCF residents with advanced dementia demonstrated high
rates of MDRO colonization at baseline (any MDRO = 45.6%, MDRGNB = 36.9%, MRSA =
12.8%). The proportion of all residents colonized at some point over a 12 month period was
even higher: any MDRO, 66.9%; MDRGNB, 54.4%; and MRSA, 27.1%.129
When they are admitted to acute care facilities, these patients become an important source
of MDRO and C. difficile transmission. In a study evaluating the inter- and intradissemination of
MDRGNB among LTCF residents with advanced dementia, genetically-related MDRGNB
strains were detected in residents of 82% (18/22) of LTCFs indicating interdissemination
between these facilities. The authors concluded that MDRGNB are spread both within and
between LTCFs among residents with advanced dementia and that infection control measures
should target this high-risk group of residents.130 A model of MRSA outbreaks in a LTCF
demonstrated both direct and indirect effects of LTCF resident transfers on acute care facilities’
MRSA prevalence indicating the role of transmission and need for hospitals to address LTCF in
their infection control strategy.131 CRE can be spread extensively throughout a diverse
healthcare facility network, highlighted nicely by the involvement of 14 acute care hospitals, 2
long-term acute care facilities, and 10 LTCFs during an outbreak in a single community.132 C.
difficile shares similar risk factor and reservoir considerations as MDROs with the LTCF
populations. Data suggest that C. difficile infection is endemic in LTCFs and remains largely
uncontrolled despite numerous efforts to manage the issue.133 The incidence rate (2.3 cases/10
000 resident-days) and recurrence rate (1.0 case/10 000 resident-days) of C. difficile infection in
LTCFs is comparable to that of acute-care hospitals.127
At present, Contact Precautions are routinely employed in acute care facilities for patients
colonized or infected with MDROs or C. difficile.1 The decision to place a patient into these
precautions is often based on the results of clinical or surveillance cultures positive for these
pathogens. Notably, this practice may only identify patients at a time point after they have
potentially exposed HCP, staff, and other patients. In addition, surveillance cultures obtained on
patient admission is a controversial infection prevention strategy134 and may not be performed in
some hospitals. Even in those facilities that do perform such screening, testing for all important
MDROs is rare and often not practical. Because of this, some have endorsed different

approaches to the identification of patients who may require Contact Precautions. As part of its
Guidance for Control of CRE, the CDC noted that “extensive inter-facility sharing of patients
across the continuum of care has the potential to facilitate widespread regional transmission of
CRE.” The guidelines then suggest as a supplementary practice to standard infection control
practices the placement into preemptive Contact Precautions patients transferring from high-risk
settings,135 which may include LTCFs. Data are lacking to evaluate if this is a reasonable
strategy. A review in Clinical Microbiologic Review stated, “[u]pon admission of patients at
increased risk of CRE carriage (such as residency in an LTCF . . . ), preemptive isolation while
awaiting surveillance culture results can prevent early transmission events.”136 Preemptive
Contact Precautions have been suggested for certain high risk groups137 in extenuating
circumstances for other pathogens such as MERS-CoV 138 with the understanding that targeting
high risk populations could mitigate pathogen transmission.
Such an empiric isolation strategy, however, may have unintended consequences. Previous
studies have demonstrated that patients placed into Contact Precautions may have more
adverse events,139 depression and delirium,140 and potentially worse patient satisfaction and
quality of care.139,141-143 A prospective cohort study in four acute care facilities performing active
surveillance for MRSA demonstrated that Contact Precautions were associated with activities
likely to reduce transmission of MDROs such as fewer visits and better hand hygiene at exit,
while simultaneously exposing patients to less HCP contact, less visitor contact and other
unintended outcomes.144 In contrast, a recent trial of universal gown and glove use in ICU
settings assessed adverse event rates in these units and found patients were no more likely to
experience adverse events than in control ICUs.145
For study Aim III, we will investigate the impact of preemptive Contact Precautions for
residents of LTCFs admitted to acute care units on the rate of hospital acquisition of MDROs
and C. difficile. We will also examine the potential for unintended consequences (e.g. frequency
of HCP contacts, patient falls) due to this isolation strategy.
INNOVATION: Most Contact Precautions used in non-epidemic settings target patients with
demonstrated MDRO or C. difficile infection or colonization detected through surveillance and/or
clinical cultures. Our proposed study will preemptively target a population with a high risk
exposure (LTCF residence). This approach has been suggested by CDC as a possible measure
to reduce transmission of MDROs, but little evidence exists to support its use. A preemptive
isolation approach would be logistically easy to implement operationally as there would be
minimal delay in identifying patients who require isolation compared with the historical approach
of culture-based practices. A preemptive isolation approach for high risk patients would be a
horizontal infection control program, which would be a paradigm shift in terms of identifying
those at risk and implementing control programs to reduce transmission. From a populationbased perspective, horizontal infection control programs that substantially reduce all infections
at a certain site is more impactful than a program than one that targets a single organism at that
site.146 Unintended consequences of Contact Precautions have been evaluated in several
populations, but never specifically for LTCF residents. Any impact seen through a preemptive
isolation strategy must be balanced with any unintended consequences. If this study
demonstrates a decrease in hospital-onset (HO) MDRO/C. difficile infections and does not show
an increase in non-infectious complications (i.e. patient falls), then it has the potential to be a
new strategy for reducing pathogen transmission in acute care settings.
APPROACH:
Preliminary studies: The Vanderbilt Epicenter investigators have experience in the conduct
of operational quasi-experimental studies. Specifically, we recently conducted a successful
pragmatic cluster randomized, crossover study of 9,340 patients admitted to 5 adult ICUs from
July 2012 through July 2013 to assess if daily chlorhexidine (CHG) bathing reduced HAIs.65 The

primary prespecified outcome was a composite of central line-associated bloodstream infections
(CLABSIs), catheter-associated urinary tract infections (CAUTIs), ventilator-associated
pneumonia (VAP), and C. difficile infections. After adjusting for age, sex, race/ethnicity, unit of
admission, time, comorbid conditions, and admission white blood cell count, no significant
difference between groups in the rate of the primary outcome was detected. This study
demonstrates Vanderbilt’s capacity to support large-scale trials evaluating infection prevention
interventions.
RESEARCH DESIGN AND METHODS:
Study design: Pre-post withdrawal quasi-experimental study using interrupted time series
analysis.
Study sites: Six inpatient medical units within Vanderbilt University Hospital will serve as
study units. These have been selected due to a higher rate of HO-MDRO/C. difficile incidence
and/or a higher proportion of admissions comprising LCTF patients. The proposed acute care
units have an average of 4,952 patient days per month with LTCF residents comprising 4.35.6% of unit admissions. This percentage is likely an underestimation because not all places of
patient origin are documented and transfers between units within VUH are not included in this
analysis. The HO-MDRO/C. difficile rate of these 6 units combined was 4.62 per 1,000 patient
days for 2014.
Study procedures: After a 6 month baseline period, all units will be transitioned to a 6
month intervention period where all patients transferred onto the study units with LTCF origin
prior to admission will be placed on preemptive Contact Precautions (Figure 5). Both patients
admitted directly to a study unit as well as patients transferred from a non-study unit onto a
study unit will be included under the policy. A washout period of 2 weeks will be introduced
before a post-intervention withdrawal period of 6 months is implemented.
Figure 5: Aim III Study Flow for Sample Study Unit
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Inclusion/exclusion criteria: All patients admitted to the unit will be included in the study.
There will be no exclusion criteria.
Primary outcome - Rate of hospital-onset MDRO and C. difficile infections: Aggregate
rates of all hospital-onset (HO)-MDRO infections (Table 3), including MRSA, C. difficile, VRE,
ESBL+ GNB, CRE, and MDR Acinetobacter, on participating units will be calculated. As active
surveillance for these pathogens is not performed at VUH, only culture specimens obtained for
clinical decision making will be included. Specimens from any site (e.g. blood, urine, wound)
will be included. These events will be captured daily using the Vanderbilt Infection Prevention
Electronic Resource (VIPER), an HAI surveillance platform that monitors laboratory results in
real time. Events will be classified as HO if the specimen was collected >3 days after admission
to VUH (i.e. on or after day 4).
Secondary outcomes:

1) Unintended consequences:
a. Patient fall rates: All patient falls are reported and recorded as a part of the VUH
quality program using the National Database of Nursing Quality Indicators (NDNQI) definitions
and process.147 As per NDNQI, a fall is defined as “an unplanned descent to the floor or other
lower surface with or without injury to the patient that occurs in an eligible nursing unit.”147 All
events are reviewed and categorized based on the degree of patient injury/harm, if any
occurred. The fall rate per 1,000 patient days for the aggregate study unit population will be
measured. In addition the rate of falls with harm (as defined by NDNQI) will also be assessed.
b. Fall events in patients placed in the preemptive intervention: In addition to the
aggregate fall rates for the study units, the frequency and number of falls (as defined by NDNQI)
that occur in patients placed into preemptive isolation will be captured.
c. HCP contact with patients placed in the preemptive intervention: Trained study
personnel will audit HCP contact (time spent, # of encounters) for all patients placed into
preemptive isolation as previously described.145 As a proxy of HCP frequency of contact, the
number of vital signs recorded per patient day will also be analyzed.
Table 3: Definitions of MDROs Included in Primary Study Outcome
MDRO Type
Defined as
Staphylococcus aureus resistant to oxacillin or methicillin by standard
MRSA
susceptibility testing methods
VRE (vancomycinEnterococcus faecalis, Enterococcus faecium, or other Enterococcus species
resistant enterococci)
that is resistant to vancomycin
Any Escherichia coli, Klebsiella oxytoca, Klebsiella pneumoniae, or
CRE (carbapenemEnterobacter spp. testing resistant to imipenem, meropenem, doripenem, or
resistant
ertapenem by standard susceptibility testing methods OR by production of a
Enterobacteriaceae)
carbapenemase (i.e., KPC, NDM, VIM, IMP, OXA-48) demonstrated using a
recognized test (e.g., polymerase chain reaction).
Any Acinetobacter spp. testing non-susceptible (i.e., resistant or intermediate)
MDR (multidrug
to at least one agent in three or more classes of antibiotics (excluding
resistant)nitrofurantoin, tetracyclines, 1st and 2nd generation cephalosporins, and nonAcinetobacter
extended-spectrum penicillins)
ESBL + GNB
Any E. coli, K. pneumoniae and K. oxytoca demonstrated to have ESBL
(extended-spectrum
activity based on results from BD Phoenix through microdilution methodology.
beta-lactamase
The BD Phoenix performs ESBL testing using cephalosporins
producing gram(ceftazidime/cefotaxime/ceftriaxone) + clavulanic acid.
negative bacillus)

2) Subgroup examinations of individual pathogen HO-infection rates for the overall
study population and the aggregate HO-MDRO/C. difficile infection rate for each
individual study unit
Covariates: Several factors may affect the impact of the intervention on the primary
outcome. These will be measured and included in the analysis.
1) Hand hygiene compliance: Study unit compliance with hand hygiene as monitored by
the Vanderbilt Hand Hygiene Program34 will be included for analysis.
2) PPE compliance: Trained study personnel will perform audits of PPE use by HCP caring
for patients placed into the preemptive intervention.
3) Antimicrobial utilization: Use of broad-spectrum antibiotics is currently tracked as a
part of the VUMC Antibiotic Stewardship Program (Co-directed by Epicenter investigator
Nelson). Because antibiotic use is a factor in the acquisition of MDROs and C. difficile, we will
include a measure of broad-spectrum antimicrobial use in the analysis (measured as days of
therapy [DOT]).

Analysis: The rates of the primary and secondary outcomes will be compared for the
following phases, defined a priori: 6 month baseline period, 6 month intervention period, and 6
month withdrawal period. In addition, a more robust interrupted time-series regression analysis
with Newey-West standard errors will be performed using bimonthly outcome rates (which will
provide 12 separate time point measurements for each period).
Sample size considerations: Existing data were used to assess sample size adequacy.
Using patient-days, the mean patient days per period will be 4,952 patient days/month for a total
of 29,710/period. The rate of HO-MDROs on the units of interest is 4.6/1000 patient days for an
average of 137 evaluable events per period. This study will have 80% power to detect a true
difference in infection rates of 1.4/1000 patient days. That means a reduction by approximately
42 events in the intervention period. Nursing home admissions (those that will receive the
intervention) are at least 4.3-5.6% on target units which is likely an underestimate given the
current reporting system.
Safety: A data safety monitoring board (DSMB) will be created to oversee any potential
adverse events that would require further assessment and intervention. At present 100% of
falls, including all falls with harm, have an event review as part of the VUH quality program. The
current fall rate on the four proposed units is 2.6 falls/month. The DSMB will review the event
analysis of all falls on the unit on a quarterly basis with more in depth interim analysis of all falls
stratified by study intervention. Due to the low rates of baseline falls, there is the potential for
low case counts to cause large percentage increases, making a pre-defined threshold difficult
for stopping the trial. If a sustained, significant increase in falls is seen and thought to be due to
the Contact Precautions intervention, then the study will be halted.
Limitations and future directions: The evaluation of preemptive Contact Precautions for
patients with LTCF exposure will be conducted in an academic, tertiary referral hospital with
high rates of hand hygiene compliance. Preemptive isolation is a supplementary strategy and
may not be generalizable to acute care hospitals with suboptimal hand hygiene compliance. If
an impact on HO infections is seen during the intervention without unintended consequences,
then there may be other high risk epidemiologic groups that could benefit from preemptive
isolation. If this trial shows a reduction in HO-MDRO rates, this strategy may benefit from a
larger-multicenter trial with randomization. This study has the potential to transform how
isolation policies are implemented in acute care hospitals and could reduce the risk of pathogen
transmission to other HCP and their patients.
Information Applicable to All Vanderbilt Epicenter Study Aims:
Regulatory Plans: Each individual research Aim project will be submitted to the Vanderbilt
Institutional Review Board (IRB) for review prior to study onset. Vanderbilt has also developed
IRBshare, a joint IRB review model for multisite studies that provides a mechanism to
streamline IRB submission and the IRB review process at all phases of IRB review through the
sharing of and reliance on IRB-approved documents between IRBs. This will be available for
Vanderbilt Epicenter investigators for any multisite Epicenter research project. Volunteers for
Aim I will undergo informed consent prior to study participation, although it is anticipated that the
risks to subjects from participation in the simulation experiments will be minimal. For the Aim II
audit and performance feedback project, we will request exemption from informed consent due
to the minimal risk of observed subjects and the impact of obtaining informed consent on the
validity of the observation data. Observers will be trained to note when significant breaches in
PPE use occur that would warrant additional intervention above routine infection prevention
practices such as hand hygiene. We will also request exemption from informed consent for
study Aim III. Similar to the study of universal gown and glove use in the ICU (BUGG study),145
this aim evaluates different infection prevention isolation policies. The BUGG study finding of
no difference in adverse events among intervention subjects is reassuring regarding minimal

risk. We will have as an added measure, a formal safety monitoring group to investigate any
increases in patient fall events among study subjects as a matter of added assurance.
Evaluation Plan: Several processes will be used to evaluate the Vanderbilt Epicenter
program to ensure a research program that is innovative and up-to-date. Investigators will stay
abreast of emerging issues and knowledge gaps related to the prevention of infectious
pathogen transmission in healthcare settings through regular assessment of the medical
literature and attendance at major scientific meetings in the field (i.e. IDWeek, SHEA Spring
Scientific meeting). Vanderbilt Epicenter project findings will be submitted for publication in
peer-review journals to disseminate this information to the healthcare epidemiology audience.
Using the Advisory and Steering Committee, which will meet quarterly, the progress on the
research plan in accordance to the timeline below will be tracked. Additional metrics will include
the number of abstract presentations at scientific meetings, study-related publications, and
creation of new study protocols in response to identified evidence gaps and CDC requests.
Timeline for Vanderbilt Epicenter Research Plan:
Quarter
Aim I
Scenario development/planning
Subject recruitment
Experiments in simulation center
Data analysis
Presentation and publication of findings
Aim II
Audit tool development
Observer training, study unit selection
Baseline observation period
Awareness/accountability period
Data analysis
Presentation and publication of findings
Aim III
Finalize study protocol/implementation
planning
Baseline period
Intervention period
Withdrawal period
Data analysis
Presentation and publication of findings

Year 1
1 2 3 4

Year 2
1 2 3 4

Year 3
1 2 3 4

Translation of Epicenter Findings/Future Directions: Successful completion of the
Vanderbilt Epicenter projects will advance the understanding of various aspects of transmissionbased precautions used to prevent pathogen spread in healthcare settings. This includes the
development of tools to audit and train HCP on the appropriate and safe use of PPE, methods
to hardwire such practices, novel strategies to evaluate new protocols (i.e. using simulation
tools), and alternative strategies for use of these precautions. These results may direct future
guidelines and policies surrounding safe use of PPE and should stimulate future hypothesisgeneration for additional studies on these important issues.
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