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The hospital’s physical environment plays an important role in
patient acquisition of healthcare-associated pathogens. Multiple
different pathogenic organisms have been cultured from surfaces
within patient rooms and many (eg, vancomycin-resistant
Enterococcus, multidrug-resistant Acinetobacter, and Clostridium
difficile) can persist on dry surfaces for weeks to months. Patients
admitted to a room where the previous occupant was colonized
or infected with amultidrug-resistant organism are, independent
of other factors, more likely to acquire the same multidrug-
resistant organism, highlighting the essential role of adequate
room cleaning and disinfection.1 Healthcare workers’ hands also
can be a vehicle for transmission of pathogens from environ-
mental surfaces near the patient. Pathogen contamination of
healthcare workers’ gown and gloves at room exit is related to the
number of surfaces touched.2 Despite this risk of pathogen
transmission, studies have found that less than half of hospital
room surfaces are adequately cleaned and disinfected.3,4

Adequate microbiologic disinfection of surfaces can be
achieved with appropriate cleaning procedures5; however,
implementation and adoption of these practices in real-world
settings has been difficult and incomplete. Although
considerable efforts have been made to improve education and
training on patient room cleaning and to develop strategies for
monitoring and providing feedback on cleaning performance,6

there remains considerable variability in cleaning practices by
environmental services (EVS) staff. A large trial to enhance
environmental cleaning in multiple intensive care units via
educational and programmatic interventions found between
6% and 30% of surfaces were still potentially contaminated
in the postintervention period.3 Given the complexity of the
patient room cleaning process, the associated work system,
and the barriers to effective implementation, an approach
guided by human factors engineering (HFE) principles may be
helpful to design and implement effective and sustainable

interventions for improving patient room cleaning and
disinfection. Development of an HFE approach to patient
room cleaning could then be adapted for cleaning and
disinfection of other high-risk hospital environments, such as
the operating room.
HFE is “the scientific discipline concerned with the under-

standing of interactions among humans and other elements of a
system, and the profession that applies theory, principles, data,
and methods to design in order to optimize human wellbeing
and overall system performance.”7 Evidence has shown the
effectiveness of HFE in improving healthcare quality and
safety with issues such as medication errors, readmissions after
complex surgery, and safe implementation of the electronic
health records.8 Several researchers proposed the application of
HFE to infection prevention, such as improving central line
care.9,10 Yanke et al10 have used this methodology to evaluate a
C. difficile prevention bundle. In this article, we describe an HFE
approach to hospital room cleaning that emphasizes the 3 core
characteristics of HFE: (1) using a systems approach, (2) being
design-driven, and (3) focusing on both system performance and
human well-being.
An HFE approach to patient room cleaning highlights inter-

actions among work system elements and levels, the dynamic
impact of individual work system elements on the whole system,
and links between work system, care processes, and system
outcomes.11 According to the Systems Engineering Initiative for
Patient Safety 2.0 model,12 a systems engineering model
anchored within HFE, patient room cleaning is collaborative
work of EVS associates, healthcare providers (eg, nurses),
and patients and their families, who perform different tasks
(eg, cleaning high-touch surfaces, communication), with
various tools and technologies (eg, cleaning tools and supplies,
checklists), under certain organizational conditions (eg, safety
culture, work schedule), in an internal (eg, patient room and
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bathroom) and external (eg, social attitude, regulations)
environment. A combination of these interrelated work system
elements influences the patient room cleaning process
and other care processes, which further influence patient
(eg, healthcare-associated infections, patient satisfaction),
employee (eg, employee satisfaction, motivation), and organiza-
tion (eg, reputation and reimbursement based on healthcare-
associated infection rates) outcomes (Figure 1).

EVS associates, in the center of the work system, face a
number of challenges associated with different work system
elements (Table 1). The knowledge and skills of EVS associates
are important work system elements. Training EVS associates
to improve their knowledge and skills, however, is not
sufficient to ensure high-quality patient room cleaning. Other
work system elements also need to be well designed for
optimal performance. For example, a well-trained EVS
associate may need support from peers (teamwork) to clean
a large unit with many patient rooms. Some work system
elements are difficult to change and may be addressed
by improving other work system elements. For example, well-
designed cleaning tools may facilitate the work of EVS
associates who are not able to reach certain surfaces due
to their physical limitations (eg, height, musculoskeletal
disorder). Table 1 provides examples of potential intervention
ideas for improving patient room cleaning.

Various HFE methods (eg, proactive risk analysis, task ana-
lysis, usability evaluation)13 and principles (eg, HFE principles
for checklist design, HFE implementation principles)14 can be
used to facilitate the redesign process. This includes analysis of
the existing system, design and implementation of interventions,
and evaluation of the impact of the interventions. In addition,

an HFE approach emphasizes the participation of different
stakeholders who can affect, or are affected by, patient room
cleaning in the redesign process. This is known as participatory
ergonomics.15 Patient room cleaning involves multiple
stakeholders, including front-line EVS associates, healthcare
providers (eg, nurses, physicians), EVS managers, and hospital
leaders. These different stakeholder groups have varied values,
norms, responsibilities, experience, tasks, skills, and priorities.
They possess heterogeneous perspectives regarding patient room
cleaning; these different perspectives are invaluable and need to
be considered and integrated in the redesign process.
Finally, an HFE approach to patient room cleaning aims to

improve both system performance and human well-being. The
ultimate goal of patient room cleaning is to improve quality of
care and patient safety by decreasing pathogen burden in the
near-patient environment. Quality of care and patient safety can
be assessed with measures of cleaning processes and patient
outcomes. The cleaning process can be measured by use of
fluorescent markers; invisible fluorescent gel markers are placed
on high-touch surfaces before cleaning and assessed for removal
with a black light after cleaning. Measures of patient outcomes
include rates of healthcare-associated infections and patient
experience scores. In addition to quality of care and patient
safety, an HFE approach to patient room cleaning should
enhance well-being of EVS associates (eg, job satisfaction,
motivation) because poor employee outcomes are likely to be
related to poor patient outcomes. This also impacts organiza-
tional outcomes because enhanced EVS associate well-being
should result in improved staff retention. In addition to
impacting patient safety outcomes, enhanced patient room
cleaning affects organizational reputation and finances.

figure 1. Systems Engineering Initiative for Patient Safety model for patient room cleaning. EVS, environmental services.
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table 1. Challenges to Patient Room Cleaning and HFE-Informed Intervention Ideas for Improving Patient Room Cleaning

Work system elements Challenges to patient room cleaning HFE-informed intervention ideas

People o EVS associates
o Education, literacy and language barriers that are not

addressed with current education tools
o Physical limitations (eg, height, back pain) that hinder the

cleaning of certain surfaces
o Lack of practical relevant information (eg, when to change

cleaning cloths, mop heads)
o Personal concerns about working in close proximity to

bacteria
o Lack of skills to communicate with patients and families,

particularly in areas such as psychiatry, labor and delivery, and
intensive care

o Patients and families
o Lack of recognition of the role of EVS associates in keeping the

near-patient environment clean and their role in infection
prevention

o Training of EVS associates
o Redesigning training materials for patient room cleaning

based on HFE analysis (eg, physical ergonomic assessment,
task analysis)

o Simulation-based communication training with role-plays
and observations of EVS associate-patient interactions

o Creating a forum for EVS associates to ask questions and
discuss anxieties

o Specific, easy to understand teaching about contact precaution
rooms, droplet precautions, and airborne precautions, with a
questions and answers forum

o Patient and family education
o Developing education materials to enhance patient and family

awareness as to the essential role of the EVS associates

Tasks o Patient room cleaning
o High workload with time pressure and interruptions
o Repetitive nature of patient room cleaning tasks intensifying

feelings of boredom and fatigue
o Ambiguity about responsibility for patient room cleaning and

medical equipment cleaning

o Job redesign
o Redefining responsibilities and tasks of EVS associates using

principles of job enrichment, job enlargement, and job
rotation

o Balancing individual work and teamwork of EVS associates
o Task redesign

o Redesigning patient room cleaning tasks on the basis of
physical ergonomics principles (eg, work in neutral postures,
reduce excessive force) and sociotechnical system principles
(eg, responsible autonomy, adaptability)

Tools and technologies o Cleaning tools and supplies
o Cleaning tools and supplies not supporting patient room

cleaning tasks
o Complex instructions for using cleaning tools and supplies

(eg, mixing or dilution of solutions)
o Distributed storage of cleaning tools and supplies

o Cleaning checklist
o Poorly designed, ineffective cleaning checklists
o Cleaning checklist not fitting with the workflow of EVS

associates
o Medical equipment

o Complex medical equipment (eg, patient bed) that is difficult
to clean

o Redesign and rearrangement of cleaning tools and supplies
o Redesigning cleaning tools and supplies on the basis of

usability evaluation (eg, heuristic evaluation, user testing)
o Redesigning instructions, labels, and warnings using HFE

principles (eg, HFE principles for labeling)
o Limiting the number of cleaning tools and supplies used and

centralizing the their storage
o Redesign of cleaning checklist

o Using a participatory, user-centered design approach to
redesign the cleaning checklist

o Selection of medical equipment
o HFE and infection prevention professionals assessing medical

equipment before making purchasing decisions to ensure
adequate cleaning is feasible
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Organization o Organizational culture
o Lack of appreciation that EVS associates contribute to

patient safety
o Organizational structure

o Hierarchy with power difference between frontline workers
and leadership and between EVS associates and other
healthcare professionals

o Performance evaluation and promotion
o No long-term recognition of good work of EVS associates
o No promotion pathway for EVS associates

o Staffing and work schedule
o Conflicting pressures such as minding a child who is sick and

cannot go to school, or whose school is closed, that may
prevent an EVS associate from coming to work

o Creation of safety culture
o Building a culture of safety by highlighting the importance of

EVS associates in infection prevention
o Involving EVS associates in a unit-based forum for addressing

safety-related issues
o Change of organizational structure

o Building teams between EVS associates and other healthcare
professionals

o Change of evaluation and promotion system
o Providing certification programs with testing and qualifica-

tions to EVS associates
o Developing clear promotion pathway for EVS associates

o Staffing and work schedule
o Flexibility of hours
o Inexpensive daycare options
o Backup system whereby if an EVS associate is unable to come

to work his or her tasks are covered
Internal environment o Patient room

o Patient room cluttered with patient belongings
o Patient room with dim light

o Patient room layout
o Providing specific areas (eg, labeled shelving and closet space)

for patients and families to hold their belongings
o Color-coding high-touch surfaces to alert EVS associates

NOTE. EVS, environmental services; HFE, human factors engineering.
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Public reports of rates of healthcare-associated infections and
patient satisfaction scores and the impact of these metrics on
reimbursement are further incentives for healthcare facilities to
seek improvement of environmental cleaning and disinfection.

Using an HFE approach, we highlight several challenges and
potential interventions to enhance patient room cleaning. The
integration of an HFE approach into infection prevention
challenges is likely to lead to improved interventions that are
effective and sustainable. This is a much needed step towards
creating a cleaner and safer patient environment. This article
demonstrates the complex system of patient room cleaning
through the lens of the Systems Engineering Initiative for Patient
Safety 2.0 model. However, implementation of an HFE approach
is not without challenges, including budgetary constraints,
insufficient manpower, and resistance to change. There are likely
additional barriers to be uncovered, and different institutions
may have a different hierarchy of challenges, which may require
different strategies.16 Further work needs to be performed in this
area, but this article proposes one framework for understanding
and addressing the role of the EVS work system in the trans-
mission of pathogens in the healthcare environment.
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