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Electronic devices practice recommendations
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Electronic devices (for example, cellular

phones, tablets, portable computers)

are increasingly important in healthcare

for myriad functions, some of which

result in their classification as non-critical

medical devices. Most are at risk of

becoming fomites for the transmission of
microorganisms. Standards and regulations
addressing infection prevention and
control (IPAC) considerations for electronic
devices have been lacking or generally
lagged behind their use.

The best practices in this document are
based on the assumption that healthcare
settings in Canada already have basic
IPAC systems and programs in place,
including Routine Practices and Additional
Precautions; adequate resources for their
IPAC program; hand hygiene; disinfection
and sterilization of used medical
equipment; environmental services/
housekeeping (cleaning and disinfection
of rooms and equipment); and education
and training (including orientation and
continuing education).

This document focuses on electronic
devices used for Information Technology
(IT) purposes, including personal devices
and accessories that:

* Stay with the healthcare worker
(HCW) in clinical areas
(e.g., smartphone);

* Are used for patient teaching and may
stay with the patient in clinical areas
(e.g., tablet); and

*  Move from patient to patient in
clinical areas (e.g., computer/
workstation on wheels).

Madeleine J. Ashcroft madeleine.ashcroft@oahpp.ca

STAKEHOLDERS

All HCWs who use portable electronic
devices as part of their duties; electronic
device manufacturers; and infection
control professionals.

INFECTION PREVENTION

AND CONTROL PRACTICE

RECOMMENDATIONS FOR

ELECTRONIC (IT) DEVICES

1. Hand hygiene is the most important
factor in the prevention of transmission
of microorganisms. IT devices should
be approached with clean hands.
Hand hygiene should be performed
between patient contact and before
and after accessing a device. [1-4]

2. Cloves inhibit hand hygiene and
therefore should not be routinely worn
when using IT equipment. [1, 2]

3. Electronic (IT) devices should be
cleanable: Prior to selection and
purchase of electronic devices,
manufacturer’s guidelines for use,
cleaning/disinfection, and maintenance
should be reviewed to ensure these
guidelines meet the standards for
cleaning and low-level disinfection
that are necessary to disinfect devices
of all pathogens of epidemiological
significance. [1-3, 5-8]

[tems that cannot be adequately
cleaned should not be used OR
accessed in patient rooms OR be
touched by patients.

4. Cover: If an item cannot be adequately
cleaned and will be accessed in a
patient room or touched by patients,

it requires a cleanable cover.
Impervious keyboard or tablet covers,
skins, or solid, fluid-resistant keyboards
that can be cleaned and disinfected
are recommended.

. Risk Assessment: If an item cannot be

cleaned with a low-level disinfectant
and is necessary for patient care, a
risk assessment should be done with
IPAC to determine the best approach
to mitigate the risk of transmission of
microorganisms.

. Cleaning: All touch surfaces of IT

devices used at or near point-of-care

must be cleaned and disinfected with

a low-level disinfectant (per manufac-

turer’s instructions) if used or touched

during the encounter with the patient.

Where manufacturer’s recommenda-

tions are not sufficient to adequately

meet national standards for clean-

ing and disinfection of the item and

products are not in keeping with the

manufacturer’s recommendations,
review cleaning/disinfection processes
and consider establishing a policy and
protocol based on the best evidence
available, including published evidence
in recent peer-reviewed journals.

Alternatives for safe use should also be

considered (e.g., plastic sealable bags,

screen covers).

* Use soft, non-absorbent, lint-free
cloths for cleaning as damage to
equipment can compromise cleaning.

* The surface of telephone
components, pagers, and computer
mice should be cleaned in a
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manner that prevents damage to

internal systems from excessive fluid.

LCD screens in non-clinical areas
should only be cleaned with item'’s
manufacturer-approved screen
cleaning products.

* Do not use compressed air to clean
IT equipment such as keyboards,
as this aerosolizes debris and
microorganisms. [2]

7. Responsibility: The user/owner of

the device is responsible for routine

cleaning and disinfection of the device

and that responsibility must be clearly

communicated. The identified staff

must follow facility protocols for

cleaning and disinfection after each

patient encounter in which the device

is potentially contaminated.

8. Frequency: If the device remains with
the patient or is in a public area, it
should be cleaned at least daily. [2]
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ABSTRACT

Background: There is a paucity of research exploring infection control professionals’ (ICPs) educational practice and the daily challenges they face in providing education
to change healthcare worker (HCW) behaviour and promote patient safety. Without closer examination of educational practice, ICPs cannot critically reflect on what, how,
or why their educational approaches need to be improved or changed.

Methods: This research was conducted as part of a larger Design-Based Research study that looked at building ICP educational practice and culture within the Alberta Health
Services (AHS) Infection Prevention and Control (IPAC) program. AHS ICP educational practice was explored using an online survey questionnaire, a focus group interview, and
field observations of ICP educational practice. A qualitative systematic methodology was used to identify interconnected themes regarding ICP educational practice.

Results: Education is considered important and central to ICPs’ professional practice. Despite its importance, ICPs are frustrated with the quality and effectiveness of the
education they provide and seek ways to build their educational expertise. Four themes emerged in this study: the ICP’s role as educator, circumstances influencing educational
practice, educational strategies, and educational outcomes. These themes, along with their associated influences and challenges, illustrate the multifaceted nature of ICP
educational practice in the AHS IPAC program.

Discussion: ICP educational practice is more complex than the IPAC educational research literature suggests. This study provides a detailed understanding of that practice and
the multiple issues and processes involved in it. Making the complexity of ICP educational practice explicit validates ICPs in their role as educators and provides a foundation
from which to build their educational expertise. Although ICPs are frustrated with the quality and outcomes of their education, their insights into their educational practice
challenges indicate they are primed for change. ICPs seek innovative professional development experiences to change and build their educational expertise.

KEYWORDS

Infection prevention and control; education; teaching and learning; professional

INTRODUCTION

This paper is the third in a series of four discussing education approaches need to be improved or changed.

in the field of infection prevention and control (IPAC). There IPAC educational intervention research focuses predominantly
is a paucity of research studying infection control professional on formal information-giving strategies to improve HCW

(ICP) educational practice and the teaching and learning practice [1]. Such strategies do not necessarily prepare HCWs
processes involved in providing effective education to facilitate | for translating knowledge into practice because the relationship
healthcare workers’ (HCW) behaviour change. Without between HCW knowledge acquisition and actual practice

an examination of that practice, we in the IPAC profession involves a complex interaction between knowledge, skills, and
cannot critically reflect on what, how, or why our educational other social and cognitive psychological determinants [2-7].
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Focusing predominantly on educational strategies for the purpose
of knowledge-giving results in a constrained view of education that
undervalues and overlooks the pedagogical concepts involved in
teaching and learning processes to facilitate behaviour change [1].
Educational expertise is a core competency for ICPs [8-10].
However, professional development opportunities for ICPs to
cultivate their pedagogical expertise are limited [11]. This gap
is not unusual, as HCWs are often responsible for planning
educational experiences without prior pedagogical training [12,
13]. It is well known that, without training, most teachers will
teach as they were taught [14].

In response to these challenges, the educational practices of
Alberta Health Services (AHS) ICPs were explored through an
ecological teaching and learning process lens to inform the design
of an ICP educational professional development experience
[11]. To build ICP educational expertise and practice that moved
beyond conventional educational strategies, it was first important
to understand the nature of their educational practices. This study
identified the complexity of ICP educational practice and the
continual challenges ICPs face as they educate to change HCWs’
behaviour. Several recommendations regarding ICP educational
practice emerged from the study.

MATERIALS AND METHODS

The research and data collection methods reported in this paper
took place within the context of a more complex Design-Based
Research (DBR) study described in the second paper in this
series [15]. The data analyzed in this paper were collected over
six months (from mid-April to mid-October 2016) within the
AHS IPAC program. An online survey questionnaire, a focus
group interview, and field observations of ICP education sessions
were used to collect data. Study participants for the survey were
recruited via email from a convenience sample of all full-time
ICPs employed by AHS. Participants for the focus group and

field observations consisted of a smaller subset of ICPs who were
recruited separately by email from the same convenience sample
to participate in a Community of Learning educational professional
development experience.

The survey included a mix of demographic, structured, and
closed and open-ended questions. Modifications were made to
the survey based on feedback from pilot testing. The focus group
was conducted with a small group of ICPs who were participating
in an educational professional development experience using a
guide with open-ended questions. Focus group questions were
designed to align with and build upon survey questions to gain a
deeper understanding of ICP educational experiences, expertise,
beliefs, attitudes, and educational practices. This alignment
allowed for cross-checking of ideas and interpretations of findings
that emerged from the survey.

Survey and focus group data, which are based on self-
report, were subject to the risk of participants under- or over-
reporting issues. To address this concern, field observations of the
educational activities of the subset of ICPs who participated in
the focus group were conducted. Observation is a means to study
actual behaviour and concepts that have not been made explicit
in self-reported data [16]. An observation tool was developed
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based on the concept of the learning ecology, taking into account
the relationships amongst instructor, learners, content, teaching
strategies, technologies used, and the educational environment
[17,18].

As data were collected, they were cleaned and entered into
Microsoft Excel® and QSR Nvivo10° for analysis. Descriptive
statistics were used to analyze some of the survey questions
and a qualitative systematic methodology was used to code
and analyze the remaining data, which focused on identifying
emerging themes [19]. Three cycles of a systematic analysis by
the researcher occurred for this part of the DBR study. The first
cycle was a preliminary analysis of data as each research activity
was completed. This preliminary analysis served to iteratively
inform the design of next steps in the study. The second cycle
analyzed all study data in the order in which it was collected
after all data collection had been completed. This systematic
approach provided an organized process for making sense of
the data collected from different data sources. The third analysis
cycle stemmed from the second and involved a re-examination
and recoding of all data under the emerging thematic categories
identified in the second cycle to identify further key themes
within those categories. In this way, findings from different
data sources were further synthesized and integrated under
common themes or newly identified themes. This facilitated
the movement from descriptive analysis to more analytic
explanations of the data, expanding on and refining what was
observed, as well as looking at relationships and process to
theorize how or why things occurred.

RESULTS
AHS IPAC is a province-wide program providing IPAC service
across the continuum of care in both urban and rural healthcare
settings. 48 ICPs participated in the online survey for a response
rate of 55% (48/87) and eight ICPs participated in the focus
group. Educational practice was observed for three of the eight
ICPs in the focus group. Study participants in both the survey and
focus groups were representative of the diversity of the program.
ICP participants came from a variety of professional backgrounds,
including microbiology, epidemiology, and nursing, and ranged
in IPAC experience: 71% had less than five years’ experience and
6% had over 15 years’ experience.

Four main themes regarding ICP educational practice and
associated influences and challenges emerged in the analysis:
a) educator role, b) circumstances that influence ICP education,
¢) educational strategies, and d) educational outcomes. The
attributes of each are summarized in Figure 1.

ICP educator role

Almost three quarters of the ICPs ranked themselves as having
some educational expertise-based training that ranged from
practice experience to a degree in Education. The most common
type of training was obtained through conferences, workshops,
and webinars. Independent of their IPAC experience, educational
training, and perceived expertise, the majority of ICP respondents
rated their role as educator as very important (85%, 41/48).
Reasons for this importance are twofold. The first reason was
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FIGURE 1: Summary of ICP educational practice and associated influences and challenges.
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ICPs’ perception of education as “core,” “central,” and “critica
to their IPAC professional practice. ICPs viewed their role as
“embedded in every aspect of that practice.” The second
reason was the purpose of the education, that is, “the transfer of
knowledge” to front-line staff and other educators, in order to
“facilitate change in practice.”

The ICPs discussed their role as educators in terms of
complexity. They indicated a need to be “responsive and
adaptive” as educators because of the “diverse and dynamic”
nature of the content of that education. Reasons reported for
complexity included: a) the variety of HCWs' differing roles and
professions, knowledge needs, and the fact that these HCWs
were always changing, with new hires and role changes; b) the
variety of contexts in which IPAC education occurred and the
various reasons for that education; and c) the varied experience
and approaches of the ICPs themselves, influencing their ideas
about how to present IPAC information.

This complexity presented several challenges for ICPs as
educators. The ICPs perceived that HCWs do not understand
the breadth and complexity of IPAC practice, resulting in an
underestimation of the scope of content and time needed for
IPAC education. Compounding this lack of understanding is what
one ICP described as “the motherhood and apple pie” issue. That
is, everyone can agree that IPAC principles are important but
practices such as hand hygiene are so ubiquitous and generalized
that everyone thinks they know about it. Consequently, the
concept of IPAC is well accepted but not well practiced:
“Everyone knows it; they just don’t do it.” The ICPs also perceived
that this misunderstanding results in a lack of HCW ownership

and taking responsibility for following IPAC practices. In the
words of one ICP, “HCWs often want ICPs to solve their practice
problems for them. I've said to a group before, ‘You have to do
your own infection control practice,” and then you look at me,
“You're not going to do it for me?’ ‘No, you have to wash your
own hands.” It’s really their job. We're just helping them figure
out the background piece.”

To address this complexity, the ICPs reported they invested
time in what they described as “HCW engagement.” This
engagement required spending time to build collegial,
collaborative relationships for the purposes of fostering credibility
and trust through mutual learning and problem-solving; and to
break down barriers of misunderstanding, mistrust, and negative
perceptions of IPAC that could interfere with ICPs’ teaching
efforts. HCW engagement also meant “knowing your target
audience,” “knowing your learner IPAC needs,” and “tailoring
your education” using recognized principles of adult learning to
make educational content relevant and meaningful. Although
ICPs referred to the use of a variety of strategies, the pedagogical
principles they apply are filtered through a conventional teacher-
centric lens of information-giving as the knowledgeable expert
(e.g., “ will assess and determine the type of presentation | will
provide” and “What information I will give my audience?”).

ICPs also struggled with their educator identity. The ICPs
tended to view their educational role and subsequent practice
challenges through the lens of an IPAC content expert, not
through the pedagogical process lens of an educator. The ICPs
reported that they did not feel prepared, supported, or confident
in their educator role. This left them feeling uncertain about their

Return to TABLE OF CONTENTS



Canadian Journal of Infection Control | Winter 2018 | Volume 33 | Issue4 | 198-203

“credibility as an educator.” Consequently, the ICPs struggled with
feeling accepted as an IPAC expert within their educator role.
Their reliance on conventional educational information-giving as

a knowledgeable expert also resulted in a tension between being
perceived as an expert authority and being authoritarian. The

ICPs noted that conventional teacher-centric approaches have

the potential to “disengage staff” if the teaching is perceived to be
“dictatorial.” One ICP pondered, “How does an instructor balance
adult learning with not being patronizing?”

Circumstances influencing education

As educators, ICPs encounter a variety of circumstances that
influence the development and delivery of education. When AHS
and its IPAC program, with their respective educational cultures,
responded to specific events, individual ICPs had varying degrees
of control and ownership over the development of that education.
The ICPs reported that it was difficult to both take ownership of
and teach education prepared by others. It was easier if they were
able to refine the content of the education to address local targeted
HCW groups.

Administrative and legislative oversight organizations such as
Accreditation Canada also influenced IPAC educational practice
through mandated IPAC education and training for HCWs. To
meet mandated education requirements and provide ongoing
training for a large number of HCWs over a wide geographical
area, the AHS IPAC program relied on the use of online education.
The ICPs reported that the quality of online education was
constrained by organizational system issues such as available
technology, time and access to HCWs, the size of the organization,
organizational branding, approval requirements, and a “one-
size-fits-all” approach to education. ICPs perceived that online
education favoured the provision of information over interaction
and efficiency over effectiveness and they felt removed from such
educational initiatives: “It doesn’t even feel like yours anymore; it
feels like somebody else’s.”

Sometimes educational circumstances were based on HCW
knowledge or practice needs identified by clinical staff or by the
ICPs themselves. These were recognized as the most common
and rewarding educational opportunities whereby ICPs had
more control over the content development and delivery
of educational strategies. The ICPs indicated, however, that
organizational and contextual issues tended to inform their
choice of educational strategies.

Educational strategies

ICPs described the education they provided as both formal and
informal. Formal education included planned, structured sessions
that take place in classroom-type settings using a traditional lecture
format. Within this formal education, the ICPs described using
several teaching strategies, resources, and tools. Examples included
using demonstration, case study, role play, and gamification. These
strategies were often embedded within PowerPoint presentations
to facilitate interactivity and HCW engagement. Adjunct reference
materials such as information sheets and practice guides were
often used to supplement content provided during the educational
experience. While there was diversity and creativity in the activities
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and resources used by the ICPs, the formal educational strategies,
including interactivity, were predominantly teacher-centric, and the
responsibility and focus remained primarily with the ICP to provide
meaningful information. This is in contrast to a learner-centric
approach, where the focus is on HCWs taking active responsibility
for and directing their learning experiences.

Informal education was described by ICPs as “just-in-time
teaching,” “bed huddles,” or “on-the-spot, in-the-moment”
education, which usually occurred in the context of the HCW
practice environment and was described as “embedded” and
“implicit” in their educational practice. Although informal
education could be a planned teaching experience, it was
often considered less structured, more responsive and HCW-
driven, and involving more collaborative learning, discussion,
and problem-solving. The ICPs preferred informal approaches
because these were perceived as more “usable,” “applicable,”
and “relevant” for engaging HCWs in learning experiences that
were “more effective in bridging the theory-to-practice gap.”

In informal contexts, ICPs described their educator role as
“facilitator” rather than a “sage on stage.”

When describing the development and delivery of education,
most ICPs’ approaches could be broadly categorized into
phases of the ADDIE instructional design framework: analysis,
design, development, implementation, and evaluation. Primary
emphasis was on analysis and development with some attention
given to evaluation. Evaluation was recognized as challenging
and therefore not often done. In developing their educational
approaches, some ICPs referred to educational principles of
creating learning objectives and attending to concepts of adult
learning or different learning styles. There was limited use of
pedagogical language, or reference to pedagogical concepts more
generally. Implementation received limited discussion apart from
the challenges they encountered in delivering their education.
Notably absent was attention given to instructional design,
particularly in relation to designing for teaching and learning
rather than designing for content delivery. In some cases, ICPs
stated they “did not have an official approach” or “just did what
seemed to work.”

Two central themes emerged from ICPs’ responses to challenges
they had in developing their education: system issues and lack
of educational expertise and training. System issues included: a)
competing priorities from other aspects of their work, resulting in
limited time to engage HCWs to assess their educational needs
and to spend on developing education; b) limited resources such
as technologies to develop education; c) increased focus on online
education; and d) perceived lack of priority given to education
both in the IPAC program and AHS as a whole.

The ICPs indicated that their limited educational training
and lack of opportunities to build their educational expertise
impacted their ability to design quality education. They cited
their lack of “educational knowledge, skills, and experience” as
making it “difficult to be creative” and come up with “advanced
educational strategies.” The ICPs were cognizant of their need for
improvement to design more effective, impactful education but
did not “know what changes to make” or “how to move forward”
to make changes.
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Challenges ICPs reported in delivering their education were
similar to those identified in developing their education, with
the addition of HCW disengagement. The competing priorities
on HCWs' time, their workload, and other educational needs
resulted in change fatigue, learning burnout, and cognitive
overload; these were perceived to impact HCW motivation and
attention to and retention of ICP education.

Educational outcomes

While the ICPs considered education to be important, 79%
(39/48) saw the education they provided as only somewhat
effective. Reasons reported for lack of effectiveness included:
a) the complexity of ICP domain content and of teaching and
learning processes as a whole; b) insufficient time and access
to HCWs to provide effective education; c) ICP educational
designs not effective in motivating HCWs to learn and engage
with ICP content; d) the general quality of the education ICPs
provided; and e) the need for additional development of ICP
teaching skills.

Although the ICPs were frustrated with their educational
efforts, they did describe some areas of success. These included
improvements in their teaching approaches such as “improved
use of PowerPoint” or “introducing a new teaching modality.” The
ICPs also considered they had achieved success when they sensed
they had “bridged the theory-to-practice gap,” when HCWs
reflected an understanding of IPAC, its relevance to them, and
how to apply it to their practice (e.g., “yeah, bringing it home”
and “seeing those aha moments”).

Each of the four educational practice themes described
above (the educator role, circumstances influencing education,
educational strategies, and educational outcomes) are
reflexively interconnected, each influencing the other as
part of a complex ecology of ICP educational practice. For
example, the effectiveness of educational outcomes is not
only influenced by the choice of educational strategies, but
is also influenced by an ICP’s confidence and experience as
an educator, as well as the professional and organizational
educational culture in which the education process occurs.
The horizontal arrows between the four themes in Figure 1 are
designed to illustrate these reflexive linkages.

Much of the current AHS ICP educational expertise
is acquired through experience: “trial and error and self-
learning,” “borrowing materials from more experienced ICPs,”
and “watching them educate” — “You learn how it's done
in IPAC.” The ICPs indicated that they were “interested in
learning different teaching strategies,” “improving the quality
of their education,” and “building on their educational skills
and expertise.” To achieve this, several suggestions were made,
including: a) the development of more teaching and learning
professional development experiences; b) development of
peer mentoring regarding educational practice; c) access to
different teaching resources and strategies; d) opportunities
to work with different teaching strategies to develop a deeper
understanding of and comfort with those approaches; and
e) raising the profile and priority of education in ICP
educational practice.

Limitations

A limitation of this study is the unique nature of the AHS
organization and the provincial nature of the IPAC program within
AHS. As healthcare is a provincial responsibility, the organizational
and cultural contexts that impact healthcare settings and the
educational practices of IPAC programs may vary from province

to province. While the findings in this study are both relevant and
valuable to local AHS ICP educational practice, it is important to
explore IPAC educational practices in other programs across Canada
to scale up this current study’s findings.

DISCUSSION

This study provides an in-depth understanding of AHS ICP
educational practice, making explicit multiple issues and processes
involved in that practice. ICP educational practice is more complex
than the IPAC educational research literature suggests; the literature
focuses primarily on the formal, conventional aspects of ICP
education, treating education as an interventional tool rather than
a complex ecology of teaching and learning processes [1]. Many
IPAC educational intervention studies focus on the delivery of
planned lectures and the development of online learning for the
provision of knowledge, practice change, or increased access and
uptake of information by healthcare providers [20-23]. In such
studies, the discussion of the complex, dynamic nature of the ICP
teaching and learning process, even of formal learning, is under-
explored or missing [1]. The tacit nature of informal ICP education,
descibed by ICPs in this study as more effective and rewarding, is
generally not visible. Consequently, the relevance and importance
of IPAC informal education goes largely unrecognized and therefore
is undersupported and underresearched. Making explicit the
multifaceted nature of their educational practice would validate
ICPs’ experiences and provide a foundation from which to build
their practice.

The visibility of formal IPAC education reinforces the teacher-
centric lens of information-giving by a knowledgeable expert. The
emphasis on knowledge acquisition supports a teaching framework
focused on designing for content delivery. This is different than
designing for teaching and learning using strategies that attend to
engagement, motivation, and desired learning outcomes, such
as changed behaviour. Research has shown that teachers’ beliefs
about teaching and learning constrain their teaching practices and
responses to those practices [24]. Even when teachers’ pedagogies
align with more active and engaged learner-centric approaches to
teaching, they must still confront transforming educational practices
amidst the constraining influences of the systems within which they
teach. Unless they develop educational expertise, ICPs will remain
hindered in their approaches to teaching and how they perceive and
respond to educational challenges.

Further investigation of ICP informal teaching in the context of
workplace learning is warranted [25]. The workplace is increasingly
becoming a place of learning and research suggests that the majority
of such learning is informal and situated in the context of social
practice [26, 27]. This situatedness allows workers to connect
their knowledge with practice and apply it in meaningful and
relevant ways. Informal education described by ICPs is more social,
collaborative, and situated in the HCWs' clinical practice and aligns
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with more contemporary constructivist pedagogies [28]. It is not
surprising that ICPs prefer their informal teaching approaches and
describe them as more effective than their formal ones. In the
contextual complexity of today’s healthcare, ICPs need to shift
from educating principally for HCWs’ knowledge acquisition and
skill development to designing learning experiences that facilitate
HCWs' ability to adapt what they learn to new situations, generate
new knowledge, and continually improve their performance [29].
Such education must focus on process and helping HCWs take
responsibility for their own learning and engage in collaborative
problem-based learning tasks and activities.

Given the ICPs’ frustrations with their educational practice and
insights into their educational challenges, it is clear that ICPs are
primed for educational professional development experiences
that encompass contemporary teaching and learning strategies.
ICPs struggle with their lack of pedagogical knowledge as well
as with their role and identity as educators. The ICPs are asking
for help in designing more effective teaching and learning
strategies. In response, these study findings were used to create an
innovative professional development experience to build AHS ICP
pedagogical expertise. This experience was designed to faciliate a
conceptual shift from commonly held, traditional understandings
and approaches to education to teaching strategies that align
with constructivist theories of active and engaged learning. The
assumption was that with increased pedagogical knowledge and
experience and a language with which to collaboratively reflect
on and discuss their practices and to explore their identity as
ICP educators, the ICPs would be better able to respond to the
complex teaching environment in which they find themselves
and modify their practices for more effective learning and
professionally satisfying outcomes. The design, development, and
implementation of this professional development experience will
be described in the fourth and last paper in this series exploring
IPAC educational practice.
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ABSTRACT

Background: The present study aimed to identify risk factors for respiratory infections in facilities for pediatric patients with severe motor and intellectual disabilities (SMID)
in order to establish effective respiratory infection countermeasures.

Method: A retrospective chart review of 92 SMID patients who were admitted to a SMID facility in Japan between April 2074 and March 2015 was conducted. Stepwise
multiple logistic regression analysis was performed regarding the relationship between respiratory infection and 60 patient factors, such as quadriplegia and activities of
daily living, and 53 care factors, such as oral care and ryouiku (therapeutic education).

Results: Respiratory infection incidences were as follows: pneumonia, 39.1%; respiratory syncytial virus (RSV) infection, 26.1%; and respiratory syndrome, 31.5%. The
primary risk factor for respiratory infection was movement education, a group ryouiku program (pneumonia: odds ratio [OR] 15.22, 95% confidence interval [CI] 2.99-
77.40; RSV infection: OR 13.85, 95% Cl 2.72-70.50; and respiratory syndrome: OR 10.84, 95% Cl 1.78-65.93).

Conclusion: The present findings indicated that movement education sessions at SMID facilities should be promptly suspended in cases of respiratory infection outbreak.
Ongoing respiratory syndrome surveillance is required to enable early recognition of an outbreak.

KEYWORDS
Infection control; patients with severe motor and intellectual disabilities (SMID); respiratory tract infections; ryouiku; long-term care

INTRODUCTION

In Japan, residential facilities are available for pediatric development and foster a strong foundation for life with the
patients with severe motor and intellectual disabilities (SMID). goal of helping individuals to overcome their disabilities” [1].
Approximately 30% of SMID patients in these facilities receive Ryouiku can be conducted individually or in groups. During
medical interventions such as artificial respiration, oxygen group ryouiku, pediatric patients engage in play and exercise
administration, total parenteral nutrition, and tube feeding. They | that involve physical contact in the form of physical interaction
also receive ryouiku (therapeutic education) to maintain health, on the floor or therapy mats and hugs from helpers. Many
promote development, and improve social skills and quality of activities involve sharing toys in group ryouiku. Patients in SMID
life. Ryouiku programs “combine medical interventions, nursing facilities include those who have difficulty sitting upright or who
care, education, and childcare in order to promote all-round move around by crawling along the floor of corridors and shared
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rooms. There are also patients who can walk and run without
difficulty despite intellectual disabilities. The risk of spread to
other patients and staff from even one case of infection is high
in SMID facilities due to the high frequency of interpersonal and
environmental contact.

The leading cause of death in SMID patients in Japan is
respiratory infection [2]. Related patient factors reportedly
include neuromuscular disorders [3], bronchial asthma [3], and
degree of paralysis associated with the underlying condition
[4-6]. Meanwhile, the related care factors include tube feeding
[7] and inadequate oral care [8]. However, no studies to date
have investigated the risk of respiratory infection in SMID
facilities after controlling for these potentially confounding
factors. In addition, no studies have investigated the relationship
between ryouiku programs and respiratory infection. The
present study aimed to identify risk factors for respiratory
infection in SMID facilities in order to establish effective
respiratory infection countermeasures.

MATERIALS AND METHOD

Sample and setting

Subjects comprised 102 individuals who were admitted to
one of two wards (A or B) at a standard SMID facility in Japan
between April 1, 2014 and March 31, 2015. Each ward

(A or B) had 55 beds. The average number of hospitalization
days of both wards exceeded 1,000 days. There were no
significant differences between ward A and ward B in terms of
age, sex, activities of daily living, and severity.

Data collection and procedures

Survey items comprised 60 patient factors, such as degree of
paralysis and activities of daily living, and 53 care factors, such
as ryouiku, tube feeding, and oral care. Data were obtained
from medical charts.

Respiratory infection

Outbreaks of the following respiratory infections occurring

between April 1, 2014 and March 31, 2015 were investigated.

These infections were selected for investigation based on reports

of previous outbreaks at SMID facilities in Japan: respiratory

syncytial virus (RSV) infection [9], human metapneumovirus

(hMPV) infection [10], influenza [11], adenovirus infection

[12], Bordetella parapertussis infection [13], and pneumonia.

As unidentified causative organisms are responsible for at least

half of respiratory infection outbreaks at SMID facilities [12],

respiratory syndrome, which can be determined based on

clinical symptoms alone, was also included in the present study.
Outbreaks that met at least one of the below criteria for
identification of specific respiratory infection were included

in the analysis:

1. RSV infection: positive RSV rapid antigen detection test
(RADT), RSV detection on polymerase chain reaction (PCR),
fourfold or greater increase or decrease in antibody titer,
and/or RSV identification by viral culture [14, 15].

2. hMPV infection: positive hMPV RADT [16], hMPV detection
on PCR, fourfold or greater increase or decrease in antibody
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titer, and/or hMPV identification by viral culture [15].

3. Influenza: positive influenza A or B virus RADT and/or influ-
enza A or B virus detection on PCR [15].

4. Adenovirus infection: positive adenovirus RADT [17],
adenovirus detection on PCR, fourfold or greater increase or
decrease in antibody titer, and/or adenovirus identification
by viral culture [15].

5. B. parapertussis infection: B. parapertussis identification by
bacterial culture and/or B. parapertussis detection on PCR [15].

6. Pneumonia: new or progressive and persistent infiltrate on two
or more serial chest radiographs on a single chest x-ray with i)
axillary temperature = 38.0° C and/or ii) white blood cell count
decrease (< 4,000/mm?3) or increase (= 12,000/mm?).

7. Respiratory syndrome: axillary temperature = 38.0° C on
two consecutive days with percutaneous arterial blood
oxygen saturation = 93% and/or increased oxygen demand
[18-20].

Statistical analysis

Univariate and multivariate analyses were conducted regarding
the relationships with respiratory infections. Univariate analysis
comprised Fisher’s exact test or Wilcoxon’s rank sum test
depending on variable type and distribution. Stepwise multiple
logistic regression was performed for multivariate analysis.
Patient and care factors with a relationship to respiratory
infection suggested by univariate analysis (< = 0.2) were
selected as independent variables. Multicollinearity between
independent variables was assessed using variance inflation
factor. Goodness of fit of the final models was determined using
the Hosmer-Lemeshow test. Analyses were performed using
SAS Studio version 3.5 (SAS Institute, Cary, NC, U.S.A.) with
significance set at < = 0.05.

RESULTS

Of 102 patients, 92 patients were analyzed; ten patients who
were transferred to another facility during the study period were
excluded. The median age was 39 years (range: 1 to 67 years)
and the number of male patients was 53 (57.6%). A total of
96.7% of patients participated in group ryouiku.

Respiratory infection incidences were as follows: pneumonia,
39.1% (36/92); RSV infection, 26.1% (24/92); and respiratory
syndrome, 31.5% (29/92). No cases of hMPV infection,
influenza, adenovirus infection, or B. parapertussis infection
were observed.

Risk factors of respiratory infection

Independent variables selected by multiple logistic regressions
for inclusion in the final model for each respiratory infection
type were as follows. Pneumonia: movement education (odds
ratio [OR] 15.22; 95% confidence interval [Cl] 2.99-77.40),
inability to wear a surgical mask (OR 4.26; 95% Cl 1.27-14.35),
and chest computed tomography (CT) findings of obsolete
aspiration pneumonia (OR 2.81; 95% ClI 1.00-7.90). RSV
infection: movement education (OR 13.85; 95% Cl 2.72-70.50)
and ward type (OR 9.63; 95% CI 2.56-36.32). Respiratory
syndrome: movement education (OR 10.84; 95% CI 1.78-
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65.93), inability to roll over (OR 8.43; 95% Cl 1.45-49.12), male | a) Selected independent variables: age, weight, sputum suc-
sex (OR 4.54; 95% Cl 1.43-14.40), and gastrostomy feeding (OR tioning, nebulizer inhalation, bronchial asthma, long-term
3.12; 95% Cl 1.06-9.22). For all models, satisfactory goodness of low-dose macrolide therapy, H2 blocker use, sputum suc-
fit was achieved and no multicollinearity was detected (Table 1). tioning during meals, visitation from family members who
live with child in nursery school/kindergarten, hugs, trunk
TABLE 1: Results of stepwise multiple logistic regression musc.le toh?’. inability t(? hold up head, tracheotom_y, ward
analysis regarding respiratory infection outbreaks. ryoylku, V|s_|t|ng educf’itlo.n, frequency of ortal care, mtak.e of
solid food, intake of liquid food, nasal feeding, swallowing
Respiratory infection training, detection of Methicillin-resistant Staphylococcus
Independent | Pneumonia ® | RSV Respiratory aureus (MRSA), detection of H. influenzae.
variable infection® syndrome? b) Excluded independent variables: age, weight, prone posi-
OR (95% CI) | OR (95% Cl) | OR (95% Cl) tion, hugs, inability to hold up head, visiting education,
Movement 15.22 13.85 (2.72- |10.84 frequency of oral care, items used for oral care, frequency of
education (2.99-77.40) | 70.50) (1.78-65.93) hand hygiene assistance, blood total protein, Glasgow Coma
(physical Scale score, intake of solid food, detection of H. influenzae,
activity) detection of S. pneumonia, hemiplegia, full-body wiping,
Ward type ns. n.s entry into a room with two or four beds.
A 1.00 ¢) Excluded independent variables: age, weight, sputum suc-
B 964 tioning, nebulizer inhalation, bronchial asthma, long-term
(2.56-36.32) low-dose macrolide therapy, visitations, guaranteed time in
- prone position, inability to hold up head, impaired mouth
Inability to 4.26 (1.27- i i I food recognition, visiting education, length of sta
wear surgical | 14.35) ;:osure, 00 recog ' & / 1eN8 Y
mask requency of oral care, frequency of bowel movements,
intake of solid food, swallowing training, motor function
(‘Zhe.st cr 2.81(1.00- | - i (bedridden), detection of MRSA, detection of gram-negative
findings of 7-90) bacteria, quadriplegia.
9 p'eg
obsolete
aspiration DISCUSSION
pneumonia Five patient factors (male sex, inability to wear surgical mask,
Inability to n.s. - 8.43 chest CT findings of obsolete aspiration pneumonia, inability
roll over (1.45-49.12) to roll over, and gastrostomy feeding) and two care factors
Sex n.s. - (movement education and ward type) were identified as risk
Female 1.00 factors for respiratory infection in SMID facilities.
Male 4.54 Movement education was a risk factor for pneumonia, RSV
(1.43-14.40) infection, and respiratory syndrome infections. Movement
Gastrostomy | n.s. - 3.12 education, a development support program created in the United
feeding (1.06-9.22) States [21], is widely incorporated into ryouiku programs for SMID
Variance 1.86-5.30 4.58,1.50 1.44-3.71 patients in Japan [22]. In the present SMID facility, movement
inflation education was conducted jointly for two wards by three to four
factor helpers for groups of eight to ten patients in a dedicated ryouiku
Hosmer- room. Movement education included laying and sitting multiple
Lemeshow patients on a shared therapy mat; interactive activities among two
goodness-of- to three patients on one mat; sharing toys such as trampolines,
fit test water guns, and big drums; and activities involving close physical
2 0.580 0.266 5.067 contact between patients and helpers such as helpers hugging
Degrees of | 3 1 6 patients and patients leaning against helpers. Furthermore,
freedom movement education always involves “touch time,” when
pValue 0,901 0.606 0535 patients use the.lr. hands. to touch each other.and the he.lpe.rs: The
number of participants in movement education makes it difficult
Legend for helpers to ensure hand hygiene for each patient, change
RSV: respiratory syncytial virus infection personal protective equipment, and wipe and disinfect shared
OR: odds ratio toys and environmental surfaces. Many causative organisms
ClI: confidence interval of respiratory infection can survive on environmental surfaces
CT: computed tomography for several hours or more [23], making it difficult to control the
n.s.: not significant (not selected in the final model) spread of respiratory infection during movement education. From
-: variables not included as independent variables the perspective of infection prevention, suspension of movement
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education should be considered. In Japan, 56% of SMID facilities
suspend ryouiku due to respiratory infection outbreaks each year
[22]. Delayed suspension of group ryouiku such as movement
education may allow infection to spread, ultimately prolonging
the overall suspension time. There are reports of ryouiku
suspensions lasting = 4 weeks [22]. Movement education is
indicated to be effective for maintaining and developing function

in SMID patients [24-26] and long-term suspension is undesirable.

Therefore, quickly recognizing the signs of respiratory infection
outbreak and promptly changing the content of movement
education to minimize contact between patients or switching to
individual ryouiku would constitute an effective countermeasure.
This approach requires the implementation of respiratory
syndrome surveillance to enable early detection of the signs

of an epidemic. In Japan, only 13% of SMID facilities perform
respiratory syndrome surveillance [22], indicating the need for
wider adoption.

The other care factor identified was ward type. The risk
of RSV infection was greater in ward B than ward A. During
the study period, there was an RSV infection outbreak in both
wards; however, the outbreak started earlier in ward B, and
ward A used the experience from ward B to rapidly implement
effective RSV infection countermeasures, including hand
hygiene [27], the use of gloves, gowns, and protective eyewear
[28-31], and suspension of group ryouiku. Ward type was likely
identified as a proxy variable representing these comprehensive
infection countermeasures.

Since the five specified patient factors are not suitable for
intervention, SMID patients who are male, unable to wear
surgical mask, unable to roll over, receive gastrostomy feeding,
and who present chest CT findings of obsolete aspiration
pneumonia should be closely observed as a high-risk group
regarding respiratory infection and efforts made to quickly
recognize signs of respiratory infection.

The present findings suggested that movement education
is a risk factor for respiratory infection in SMID facilities.
However, as this was a retrospective study performed at a
single facility, further investigation using a prospective study
method at multiple facilities is required. Widespread adoption
of respiratory syndrome surveillance is necessary to enable early
recognition of the signs of an epidemic.
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ABSTRACT
Background: The aim of this study was to evaluate the susceptibility of catheter-related Klebsiella pneumoniae isolates to two biocides (benzalkonium chloride and
Deconex) under biofilm and planktonic conditions.

Methods: A total of 85 strains of K. pneumoniae were isolated from catheters of inpatients hospitalized in four hospitals in Kerman, Iran. Susceptibility to antibiotics and
biocides under biofilm and planktonic growths was performed using the microdilution method. Antibiofilm activity of the biocides was determined by microtiter assay.
Biofilm eradication was carried out at different periods of time. The presence of cepA and qacEAT genes were detected by polymerase chain reaction (PCR).

Results: We found that 15% (n = 12) of the isolates showed strong biofilm activity, 40% (n = 35) displayed moderate activity, 30% (n = 26) demonstrated weak activity,
and 15% (n = 12) showed no attachment to microtiter wells. Both the biocides had profound inhibitory activities on planktonic cells (average minimum inhibitory
concentration [MIC] 0.06 = 0.2 mg/ml for Deconex and 0.03 + 0.1 mg/ml for benzalkonium chloride). They exerted the least antibiofilm activity at a sub-MIC
concentration of 0.015 mg/ml. The isolates that formed high biofilm also harboured the cepA gene. Furthermore, a considerable increase in MIC to piperacillin/tazobactam,
tetracycline, and cefotaxime was observed for cells grown in biofilm conditions for 24 hours, but all the isolates were sensitive to colistin and tigecycline. These differences
were statistically significant, with a p-value of < 0.05. Most of the biofilms were eradicated from the microtiter plate within 30 minutes’ exposure to these biocides.

Conclusions: As the data indicates, benzalkonium chloride and Deconex have good potential as hospital disinfectants for catheter-related infections caused by K.
pneumoniae in planktonic conditions. Antimicrobial stewardship programs must be performed weekly in our hospitals to improve the quality of antimicrobial use, reduce
the use of antibiotics, and shorten the length of hospital stay without increasing mortality rates.

KEYWORDS
Klebsiella pneumoniae; biocides; biofilm; PCR; hospital hygiene

INTRODUCTION

Klebsiella pneumoniae is a gram-negative opportunistic
pathogen, which is responsible for 10% of all hospital-acquired
infections [1, 2]. This bacterium causes important diseases such
as pneumonia, septicemia, urinary tract infections, wounds
and intensive care unit infections in immunocompromised
patients, diabetic patients, and still-born infants [3]. In recent
years, the emergence of K. pneumoniae resistant to both
antibiotics as well as biocides (disinfectants) has caused serious
concern for infectious diseases specialists around the world

[4]. It has been reported that about 60% to 70% of Klebsiella
infections in hospitals are resistant to more than three classes

of antibiotics [5]. Studies of pneumonia in Chinese hospitals
revealed a pathogen unlike any the investigators had previously
seen in healthcare settings. It was hyper-virulent K. pneumoniae
harbouring various antibiotic resistance genes, a combination
that causes severe, quick-developing, and deadly infections
that are nearly impossible to treat with currently available drugs
[6]. Both infections and antibiotic resistances in K. pneumoniae
are often associated with the formation of biofilm. A biofilm is
broadly considered a population of microorganisms grown on a
surface or interface and embedded in a matrix of extracellular
polymeric substances [7]. This will provide effective resistance
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against large molecules such as antimicrobial agents, lysozyme,
and biocides [8]. It has been estimated that biofilms can tolerate
antimicrobial agents (disinfectants, antibiotics, surfactants) at
concentrations of ten to 1,000 times that needed to inactivate
genetically equivalent planktonic bacteria [8, 9]. The presence
of catheters favours biofilm formation by providing an inert
surface for the attachment of bacterial cells, thereby enhancing
microbial colonization and the development of biofilm [10,
11]. At present, there are few studies describing K. pneumoniae
isolates resistant to benzalkonium chloride and Deconex
through biofilm formation [12]. Reports suggest that, in the
presence of benzalkonium chloride, biofilm development of K.
pneumoniae was inhibited fourfold and the compound’s MIC
value was reduced by one-eighth [13].

The primary aim of this study was to evaluate the
susceptibility of K. pneumoniae to antibiotics, benzalkonium
chloride, and Deconex under biofilm and planktonic conditions.
Furthermore, we studied the prevalence of quaternary
ammonium compound-resistant genes (qacEAT and cepA) in
these isolates.

METHODS

Bacterial samples and identification

A total of 85 non-duplicate strains of K. pneumoniae were
isolated from catheter-associated specimens of 345 patients
hospitalized in four referral hospitals in Kerman (southeastern
Iran). Sampling was carried out from February to November
2015. For each isolate, patient demographic data and culture site
were obtained. The samples were collected from intravascular
and urinary tract central catheters peripherally inserted by a
trained laboratory technician that were inoculated into 5 ml
Stuart transport medium (Merck Group, Darmstadt, Germany)
and transferred to our lab within 24 hours of collection. The
identification process was carried out based on biochemical and
conventional diagnostic tests for Enterobacteriaceae, as described
by Kilian and Bulow (1979) [14].

Compound sources and analysis

Biocides, benzalkonium chloride as standard concentrate 50%
w/v solution, under trade name BC50, and Deconex were
purchased from NIPCO chemical group (Tehran, Iran).

Determination of susceptibility to

biocides under planktonic conditions

The MIC and minimum bactericidal concentration (MBC) of
Deconex and benzalkonium chloride against isolates were
determined with a broth microdilution test, explained in detail
in a previous report [15]. In brief, 10 ml of 32 mg/ml stock
solutions of benzalkonium chloride and Deconex were prepared
and diluted to 0.015 mg/ml. 50 ul of each dilution was added to
96-well microtiter plates containing 150 ul Luria-Bertani broth.
To this preparation, 50 ul of the bacterial sample at 1 x 10°
colony-forming units (CFU)/ml was added. To prevent bacterial
aggregations, the microtiter plates were incubated under shaking
conditions (100 RPM) for 24 hours at 37° C. MIC was defined

as the lowest concentration of the above compounds that

inhibits bacterial growth (no visible growth). A loopful of MIC
was then streaked into Muller-Hinton agar and checked for
grown colonies after 24 hours’ incubation at 37° C. The number
of colonies formed was considered the MBC. The MBC was
defined as the lowest concentration of biocides killing at least
99.9% of the initial inoculums. Simultaneously, E. coli ATTC
25922 was used as a control strain.

Biofilm formation under static conditions

Biofilm formation was quantified by the microtiter method, as
described by O'Toole et al. (2000) [9]. In this method, 1:100
diluted K. pneumoniae isolates at a concentration of

1 X 10° CFU/ml were inoculated into a 96-well microtiter
plate containing 100 ul of fresh Tryptic Soy Broth (TSB)
(BioMérieux, Marcy-I'EtoiIe, France). Growths were monitored
after 24 hours’ incubation at 37° C. Non-adherent cells were
aseptically aspirated with pasture pipettes and washed with
300 uL of phosphate-buffered saline (PBS) solution (pH 7.2)
to remove any remaining suspended cells. The biofilm was
subsequently stained with the addition of 150 uL of 0.2%
safranin (Merck Group, Darmstadt, Germany) for 30 minutes.
The stain was removed by thorough washing, once with PBS at
a pH of 7.2 and then with distilled water. The wells containing
biofilm matrix were kept at room temperature or at 60° C
until dry. Quantification of cells in the biofilms was carried

out by solubilization of dye with 300 uL of glacial acetic acid.
Optical density at 480 nm was then measured for each well
[15]. All mentioned experiments were performed in duplicate.
Pseudomonas aeruginosa PAO1 was used as positive control for
biofilm formation study.

MIC of antibiotics under planktonic and biofilm conditions
Susceptibility of 12 strong biofilm-forming K. pneumoniae
isolates to different antibiotics was determined under planktonic
and biofilm conditions using the microdilution method [16].

In the case of planktonic conditions, the microtiter plates were
incubated under shaking at 100 RPM for 18 hours. In case of
biofilm, cells attached to the wall of the microtiter wells after

24 hours were scraped in 1 ml of phosphate buffer (pH 7.2).
The suspensions were then diluted to 1 x 10° CFU/ml using 5
ml of D/W. 10 ul of bacterial suspensions was added to each
microtiter well containing 100 ul of sterile TSB medium and

50 uL different concentrations of antibiotics (0.5-516 ug/ml).
The following antibiotics were used in this study: tigecycline,
colistin, ceftazidime, imipenem, amikacin, cefotaxime, cefoxitin,
gentamicin, ciprofloxacin, trimethoprim/sulfamethoxazole,
piperacillin/tazobactam, tetracycline, and chloramphenicol
(Mast Group Ltd., Bootle, Merseyside, UK). E. coli ATCC 25922
was selected as a quality control strain in this antimicrobial
susceptibility study.

Biofilm inhibitory activities of

Deconex and benzalkonium chloride

The antibiofilm activities of Deconex and benzalkonium
chloride were evaluated as described here. Briefly, microtiter
plates containing 180 ul TSB medium were prepared. 10
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UL of bacterial suspension at 10 x 10° CFU/ml and 10 ul
Deconex and benzalkonium chloride preparation at a sub-
MIC concentration of 0.03 mg/ml were added to each well.
The sub-MIC was defined as the highest concentration of the
antimicrobial compounds that bacterial cells can grow and
showing visible turbidity. The microtiter plates were kept at 37°
C for 24 hours and the amount of biofilm formed in each well
was measured as described above. Prior to the experiments, we
measured the growth rate and viable count of each isolate in
the absence and presence of biocides. The adherence efficiency
was calculated as described by Stepanovit et al. (2007) [17].

Determination of biofilm eradication time

To determine biofilm eradication time, we decanted the
contents of a microtiter plate with 24-hour biofilm treated

with biocides for contact times of five, 15, 30, and 60 minutes.
Microplate wells were then rinsed gently with sterile water

and stained. The bound dye was re-solubilized in 33% glacial
acetic acid. Absorbance was read as described by Leary et al.
(2017) [18]. The combination of benzalkonium chloride at a
concentration of 0.3 mg/ml and Deconex at a concentration of
0.06 mg/ml was also used for biofilm eradication.

Detection of qackA1 and cepA genes by PCR

For PCR assays, the genomic DNA of each isolate was extracted
using the boiling method and subjected to phenol/chloroform
treatment. The cell lysate was centrifuged at 8.000 RPM for ten
minutes and used to detect quaternary ammonium compounds

(QACs) (qacEA1, cepA) genes with the PCR technique using a set
of primer sequences F: 5-GCCCTACACAAATTGGGAGA-3 and
R: 5-CTGCGGTACCACTGCCACAA-3 specific for the gacEAT
gene; and primer pairs F: 5-CAACTCCTTCGCCTATCCCG-3
and R: 5-TCAGGTCAGACCAAACGGCG-3 specific for the cepA
gene [19]. The PCR assay was carried out using a temperature
gradient thermal cycler (Biometra-T300, Goottingen, Germany).
The amplification program consisted of an initial denaturation
at 95° C for 300 seconds, 95° C for 30 cycles for 30 seconds,
annealing 60° C for 35 seconds, extension at 72° C for 40
seconds, and final extension at 72° C for 300 seconds. The 100
bp DNA Ladder was used as a molecular weight standard.

Statistical analysis

The SPSS program version 17.0 for Windows (SPSS, Chicago,
IL, U.S.A.) was used for statistical analysis. Data are presented
as the mean =+ standard error of the mean. For all tests, a two-
sided p-value < 0.05 was considered significant.

RESULTS

Biofilm quantification revealed that 15% of the isolates showed
strong biofilm activity, 40% showed moderate activity, 30%
showed weak activity, and 15% showed no biofilm activity.
However, no significant antibiofilm activity of benzalkonium
chloride and Deconex were detected after exposure of the
isolates to a sub-MIC concentration of 0.05 mg/ml (p < 0.05),
as shown in Figure 1. Further analysis of the susceptibility of

K. pneumoniae to antibiotics grown under planktonic and

FIGURE 1: Biofilm formation and the effect of benzalkonium chloride and Deconex on biofilm in K. pneumoniae

multidrug-resistant isolates. No statistical significance in the amount of biofilm masses was observed in the presence

and absence of these agents.
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FIGURE 2: Antibiotic susceptibility of K. pneumoniae under biofilm and planktonic conditions. MIC was defined as the

‘ lowest concentration of antibiotics that inhibits growth (visible turbidity) after 24 hours of incubation.
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biofilm conditions (Figure 2) revealed a significant increase
in the MIC level for the piperacillin/tazobactam, tetracycline,
chloramphenicol, trimethoprim/sulfamethoxazole, and
cefotaxime antibiotics for cells taken from 24 hour biofilm.
Resistance to imipenem and ceftazidime increased more than
fourfold; however, in the case of tigecycline and colistin, the
MIC did not differ under planktonic and biofilm growths (Figure
2). These differences were statistically significant, with a p-value
of < 0.05. To assess the antimicrobial activity of benzalkonium
chloride and Deconex, we performed MIC and MBC tests
using different concentrations of the above biocides. More than
58.8% and 35.2% of the isolates exhibited an MIC of 0.015 mg/
ml to benzalkonium chloride and Deconex under planktonic
conditions, while 17.6% and 18.8% of the isolates showed an
MIC of 0.03 mg/ml to the above compounds. We detected
one isolate with an MBC of 1T mg/ml to benzalkonium chloride
(isolate 53) and one isolate with an MIC of 4 mg/ml to Deconex
(isolate 43), respectively.

The results of survival curves of the planktonic cells
and biofilm eradication time in the presence of biocides
are illustrated in Figures 3a and 3b. Here, benzalkonium
chloride at a concentration of 0.03 mg/ml and Deconex at
a concentration of 0.06 mg/ml reduced bacterial population
to 3 log 10 units within four hours of exposure (Figure 3a).
Further exposure of planktonic cells to biocides indicated a
continuous drop of viable cells with no detectable CFUs after

eight hours of incubation. Furthermore, we challenged biofilms
with benzalkonium chloride at concentrations of 0.03 mg/ml
and Deconex at concentrations of 0.06 mg/ml, respectively.
A minimum biofilm eradication time assay revealed that
both biocides were not effective against preformed biofilm
at the recommended time of five minutes, but that they
eradicated the biofilm masses from microplate wells after 30
minutes’ exposure (Figure 3b). In addition, combinations of
benzalkonium chloride at a concentration of 0.03 mg/ml and
Deconex at a concentration of 0.06 mg/ml had a synergistic
effect and removed most of the biofilm from the microtiter
wells within five minutes of incubation (Figure 3b). PCR
analysis showed the presence of cepA in 15% of the isolates
showing strong biofilm, while the gacEAT gene was absent

in this study.

DISCUSSION
The U.S. Centers for Disease Control and Prevention alone
records nearly 560,000 catheter-related urinary tract infections
in U.S. hospitals [20]. Catheterization increases the risk of
developing bacteriuria by about 3% to 6% per day. Almost
50% of short-term catheterized patients acquire infections
within this period, whereas the risk of infection from long-term
catheters is 100% [21].

In the present study, we selectively isolated K. pneumoniae
strains from catheters in four hospitals and exposed them
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FIGURE 3a: Survival of K. pneumoniae in the presence of benzalkonium chloride and Deconex. The above results are the

average of two replicate experiments.
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FIGURE 3b: Eradication of biofilm in the presence of benzalkonium chloride and Deconex at different time intervals.

Mean values and standard deviation of the compounds are indicated by the error bar.
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to different concentrations of Deconex and benzalkonium
chloride. Both compounds act on the cell membrane, causing
the dissociation of the bilayer membrane and the disruption of
cell permeability. Our results show a high rate of sensitivity to
these compounds by strains of K. pneumoniae (average MIC to
Deconex of 0.06 + 0.2 mg/ml and benzalkonium chloride of
0.03 = 0.01 mg/ml). However, the compounds did not exert
biofilm inhibitory activity. A recent study revealed that bacterial
adherence to the benzalkonium chloride-impregnated
catheters was significantly reduced compared with control
catheters containing no antimicrobial agent (p < 0.01) [22].
Furthermore, we found a direct relationship between biofilm
formation and high MIC values to antibiotics, which highlights
how current planktonic-based antimicrobial susceptibility tests
are often misleading [23]. This increased resistance occurs
mainly in mature biofilms and is attributed to the formation

of antibiotic-tolerant subpopulations in the deeper layers of
biofilms in combination with impaired molecule diffusion
[24]. A fourfold increase in MIC to imipenem in biofilm-grown
cells was unexpected; Chen et al. (2014) [25] reported that
imipenem displayed potent activity against established K.
pneumoniae biofilms under both static and flow conditions

in vitro, while Vuotto et al. (2017) [26] demonstrated that the
association of biofilm production and imipenem resistance in
K. pneumoniae was statistically significant. Recently, research
has been directed at understanding why antibiotics do not
effectively penetrate biofilms (specific antibiotics are required
at higher dosages to treat biofilms) [27].

There was no significant relationship between antibiotic
resistance and resistance to biocides in our study. On the
contrary, many isolates were susceptible to biocides but
resistant to antibiotics. We propose that hand hygiene, contact
precautions, active patient screening, and disinfecting hospital
equipment and catheter-related devices with these compounds
at concentrations of 0.03 mg/ml can effectively reduce the
transmission of infections caused by K. pneumoniae planktonic
cells but not biofilm conditions. A population-based study on
bloodstream infections caused by K. pneumoniae from 2000 to
2007 in Canada, a setting with low prevalence of antimicrobial
resistance, showed an increase of the burden of disease during
the last decade and a case fatality rate of 19% [28].

Our data also suggest that for resistance to QACs, the
presence of both gacEAT and cepA genes is essential. The
absence of the gacEA1 gene led to sensitivity to these biocides.
One study performed in Tehran hospitals investigated the
susceptibility of 26 isolates of K. pneumoniae to a hospital
biocide in the presence of gacEA1 and cepA genes [19].

The gacEAT and cepA genes were detected in 26 and 19
biocide-resistant isolates. The results suggest that susceptibility
to biocide in clinical isolates of K. pneumoniae is directly
related to the presence of both gacEAT and cepA genes.
Similarly, it has been shown that 50%, 49%, and 53% of K.
pneumoniae strains had reduced susceptibility to chlorhexidine
and benzalkonium chloride. The antiseptic-resistant genes
cepA and gacEA1 were found in 56, 34, and one isolates,
respectively [19].

CONCLUSION

Based on the above data, we concluded that benzalkonium
chloride and Deconex antiseptics are very good at controlling
infections caused by K. pneumoniae planktonic cells and
could be included in the antimicrobial stewardship program
of our hospitals.
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ABSTRACT

Background: The aims of this study were to estimate the total prevalence of healthcare-associated infections (HAls) among hospitalized patients and risk factors

related to HAs.

Materials and methods: This was a point prevalence survey conducted in a Moroccan teaching hospital from June 5 to July 19, 2017. We used version 5.3 of the
European Centre for Disease Prevention and Control’s protocol to collect the data. Statistical analysis was performed using SPSS (version 21.0). Multivariate analysis was

conducted using simple logistic regression.

Results: Data on 207 patients were analyzed. The occupancy rate was 43.5%. The prevalence of HAls was 22.2%, with a 95% confidence interval (Cl) (17%-28%). Urinary
tract infections were in the first range (17.4%). The most common pathogen causing HAls was Staphylococcus aureus. Third-generation cephalosporins (38.2%) were the
most common antibiotic used. Undergoing surgery (odds ratio [OR] = 7.65; 95% Cl [2.72-21.51] p < 0.001), having a high McCabe score (OR = 1.374; 95% Cl [0.417-
4.531]; p = 0.002), and extended length of stay in the hospital (OR = 1.06; 95% CI [1.019-1.103]; p = 0.004) were the primary risk factors associated with HAIs.

Conclusions: The burden of HAIs in our centre is high compared to the recommendations of the World Health Organization. Further research on antibiotic use,
assessment of hygiene measures, and urgent implementation of infection control policy is needed.

KEYWORDS
Healthcare-associated infections; prevention; infection control; prevalence

INTRODUCTION

Healthcare-associated infections (HAIs) are a major concern
for the healthcare industry worldwide. In the U.S., one out
of every 136 hospitalized patients falls seriously ill as a result
of HAIs, which equates to 2 million cases and nearly 80,000
deaths each year [1].

According to a systematic review and meta-analysis published
in 2011 [2, 3], the prevalence of HAls is much higher in
developing countries than in Europe and the U.S. (15.5 per 100
patients [95% confidence interval (Cl); 12.6-18.9] vs. 5% or less).

Prevalence studies can be a useful part of an effective
surveillance system to identify areas for further investigation [4,
5]. In Morocco, there is no national HAI surveillance program
and no reportable quality indicators. Only a few teaching

hospitals in Morocco have functional infection control programs.

The teaching hospital in Oujda, capital of the eastern province
of Morocco, was built in 2014 with a bed count of 450. The
aim of this study was to estimate the prevalence of HAls in this
hospital and determine their related risk factors.

METHODS

Settings and data collection

We conducted a cross-sectional study from June 5 to

July 19, 2017 at the Mohammed VI University Hospital

in Oujda, Morocco. We used version 5.3 of the European
Centre for Disease Prevention and Control’s protocol to
collect the data [6]. Only infections that were active or under
antibiotic treatment on the day of the study were included.
Antibiotic use was recorded according to the Anatomical
Therapeutic Chemical classification of the World Health
Organization [7]. Antibiotic type, route of administration,
indication, and whether the indication was listed in the
patient’s medical record were registered.

For HAIs, we collected information on the nature of
infection, onset of infection, any device relationship, and
other details. The pathogens that had caused the infection
were also recorded when information was available.
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HAI definition

As per the U.S. Centers for Disease Control and Prevention, a
HAL is defined as a localized or systemic condition resulting from
an adverse reaction due to an infectious agent or its toxin with
no evidence of infection or incubation upon admission [8].

Inclusion and exclusion criteria

We included all wards in our acute care facility. The following
inclusion criteria were used: all patients admitted to the ward
at or before 8 a.m. and not discharged from the ward at the
time of the survey; and neonates on maternity and pediatric
wards if born at or before 8 a.m. Dialysis patients (outpatients),
patients in the emergency room, patients undergoing same-
day treatment or surgery, and patients seen in the outpatient
department were excluded from our study [6].

Statistical analysis

Categorical and continuous variables were expressed as
percentages, means *+ standard deviation (SD), or median and
interquartile range (IQR). Statistical analysis was performed using
SPSS (version 21.0). Univariate analysis was first conducted
using simple logistic regression. Then, variables with p < 0.20 in
the univariate analysis were integrated into multivariate analysis.
P-values < 0.05 were considered to be significant.

RESULTS

Patient and hospital characteristics

We analyzed data on 207 patients, of whom 63.3% were men
and 36.7% women. Mean age was 40 * 21 years; occupational
rate was 43.5%; and median length of hospital stay was seven
days (IQR [5-14]).

Prevalence, sites, and HAI pathogens

46 HAIs were recorded, indicating a prevalence of 22.2 per 100
patients (95% CI [17%-28%]). In most cases, the sites of HAls
were not recorded and were unknown (21.73%). Urinary tract
infections were most common (17.4%), followed by surgical
wound infections (15.21%) and skin and soft tissue infections
(10.87%) (Table 1).

Among the 46 infections associated with care, five
microorganisms were isolated (10.86%) as follows:
Staphylococcus aureus (28.58%), Klebsiella pneumoniae
(28.58%), Acinetobacter baumannii (14.28%), Streptococcus
agalactiae (14.28%), and MRSA (14.28%).

Antibiotic use

Among the 207 patients analyzed, 96 used antibiotics (46.4%).
The most common route of administration of antibiotics was
parenteral (86.7%). The five most used classes of antibiotics
were third-generation cephalosporins (38.2%), penicillins

with beta-lactamase inhibitors (20.1%), imidazoles (13.9%),
aminosids (8.4%), and first-generation cephalosporins (3.5%).

HAI risk factors

In univariate analysis, patient characteristics and exposure to
invasive devices increasing the risk of HAIs were: McCabe
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score, undergoing surgery, longer duration of hospital stay, and
exposure to intravascular catheter (Table 2).

In the stepwise forward logistic regression, the variables
found to be significantly associated with HAIs were undergoing
surgery (odds ratio [OR] = 7.64; 95% Cl [2.72-21.51]; p <
0.001), longer duration of hospital stay (OR = 1.06; 95% ClI
[1.019-1.103]), and McCabe score (ultimately fatal disease OR
= 1.374; 95% CI1 [0.417-4.531], p = 0.002).

TABLE 1: Types of HAls.

. Prevalence | Cumulative
Type of Infection Number %) Percentage
Unknown infection 10 21.73 21.73
i tract
Urinary trac 8 17.39 39.12
infection
S e 7 15.21 54.33
infection
?km a.nd soft tissue 5 10.87 65.20
infection
Lowgr resplratory 4 8.70 73,90
tract infection
Centralinervgus 4 8.70 82.60
system infection
Systemic infection 8.70 91.30
Prolonged fever 2 4.35 95.65
Eye, ear, nose, or 1 2.17 97.82
mouth infection
.Other. gastrointestinal 1 218 100
infection
Total 46 100
DISCUSSION

One limitation of this study was a low patient occupancy rate
of 43.5% attributed to Ramadan, a religious month. During
Ramadan, patients prefer to be at home with their families
and there is only skeletal staffing in the facility. Hence the data
reported is partly biased, as it represents only the patients who
had to remain in the hospital due to serious illness, or who
had no family members to care for them at home. Another
limitation was that the diagnosis of infections associated with
care was based on the clinical criteria alone.

The prevalence of infections associated with care in our
hospital was high in comparison to the prevalence of several
similar studies at national (University Hospital of Rabat,
Morocco in 2007; 17.8% [9]) and international (Tunisia,
17.9% [10]; Malaysia, 13.9% [11]; Senegal, 10.9% [12];
and Cuba, 7.3% [13]) healthcare centres. The prevalence of
HAls is lower in developed countries, such as Switzerland
(7.2%) [14], The Netherlands (7.2%) [15], France (5.4%) [16],
Norway (5.4%) [17], Germany (5.1%) [18], and Italy (4.9%)
[19]. According to Allegranzi et al., HAls are more severe and
higher in prevalence in developing countries than in developed
countries [2].

Patients in our intensive care unit were at the highest risk
of HAIs, which is in line with findings of other studies [19, 20].
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This can be explained by the large number of admissions Antibiotic prescription in the patients surveyed was particularly
with serious diseases, broad-spectrum antibiotic therapy, and alarming, with 46.4% of the patients taking antibiotics. This high
the frequent use of invasive medical devices. antibiotic prescription rate has been reported in the majority
Zaidi et al. [21] reported rates of neonatal infection of studies in developing countries [23, 24]. Third-generation
three to 20 times higher in resource-limited countries than cephalosporins were the most commonly administered antibiotics
those in industrialized countries. In our case, four out of five (38.2%), which is in contrast with other studies: Germany in 2011
newborns hospitalized in neonatal intensive care on the day [18] and Malaysia in 2005 [11] reported using second-generation
of the survey were infected. cephalosporins, and penicillins were more often used in another
Due to substandard documentation practices, 21.7% of university medical centre in Rabat, Morocco in 2012 [9]. Rational
infections were of unknown type. Although the number of antibiotic use can reduce selective pressure for the development
isolated cases was small because of the high percentage of of resistance to antibiotics [25].
unknown and undocumented information in patient records, In our investigation, risk factors associated with HAIs were
our study identified two main types of HAls: urinary tract longer duration of hospital stay, higher McCabe score, recent
infection and surgical wound infection. These sites are the surgery, and exposure to an intravascular catheter. Identical risk
most frequently reported in prevalence surveys [9, 19, 16, 22]. | factors were reported by other studies [12, 26, 27].

TABLE 2: Univariate and multivariate analysis for risk factors of HAls.

Risk Factors Univariate Analysis Multivariate Analysis
OR Cl 95% p-Value OR Cl195% p-Value
Age (mean = SD) 1.01 [1.00-1.03] 0.023
Gender 1.01 [0.51-1.99] | 0.969
Ward
Medical
Surgical 6.37 [2.82-14.37] | <0.0001
Intensive care unit 6.53 [1.93-22.14] | 0.003
Surgery
Yes 4.70 [2.35-9.39] <0.0001 7.64 [2.72-21.50] | <0.001
No
McCabe score
Non-fatal disease
Ultimately fatal disease 1.80 [0.64-5.08] | 0.261 1.37 [0.41-4.53] | 0.002
Rapidly fatal disease 0.22 [0.077-0.66] | 0.007 0.21 [0.05-0.85]
Length of stay 1.05 [1.01-1.08] 0.007 1.06 [1.01-1.10] 0.004
Central intravascular catheter
Yes 3.30 [1.05-10.36] | 0.041
No
Peripheral intravascular catheter
Yes 16.92 [3.96-72.20] | <0.0001
No
Urinary catheter
Yes 1.708 [0.61-4.77] 0.308
No
Intubation
Yes 3.67 [0.71-18.8] 0.119
No
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HAIs are a major risk in our hospital. The results of this
study provided us a complete picture of the risk factors for
HAIs. An action plan of infection control and improving
hygiene is urgently recommended with the participation of
all stakeholders: pharmacists, doctors, nurses, the hygiene
team, and administration. More efforts should be made to
improve surgical procedures and reduce patients' length of
stay in the hospital.
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ABSTRACT

Background: Following an eight-month vancomycin-resistant Enterococcus outbreak on an inpatient medical unit, the Environmental Services Department re-examined

their cleaning and disinfection protocols.

Methods: Cleaning and disinfection policies and best practice recommendations were analyzed and staff and patient surveys were conducted to identify quality

improvement projects.

Results: Four projects were implemented, including standardizing procedures, updating cleaning products, and introducing auditing and seasonal cleaning programs in

patient care areas.

Conclusions: Engaging staff and patients and reviewing best practices resulted in the successful implementation of improvement projects to enhance cleaning and

disinfection practices and improve patient safety in an acute care hospital.

KEYWORDS
Auditing; hospital; improvement projects; seasonal cleaning

INTRODUCTION
In 2013, a 35-bed inpatient medical unit experienced an

eight-month vancomycin-resistant Enterococcus (VRE) outbreak.

Three weeks after the outbreak was declared, 11 patients were
newly identified as VRE-colonized despite the implementation
of several outbreak measures, including adherence to hand
hygiene and additional precautions, closure of overcapacity
beds, double cleaning of patient rooms, cohorting of nursing
staff and VRE-positive patients, and limiting patient movement.
As there is increasing evidence that the environment may play
a significant role in the transmission of healthcare-associated
pathogens [1, 2], environmental sampling was conducted to

identify high-touch surfaces contaminated with VRE in both
the general ward environment and VRE-positive and -negative
patient rooms and bathrooms. Results of environment sampling
indicated extensive VRE contamination throughout the unit,
including the nursing station, cleaning storage room, hand
rails, medical charts, patient kitchen, inside and outside the
automated medication dispensing machine, the staff room,

as well as VRE-positive and -negative patient rooms and
bathrooms. In response, increased cleaning of all equipment
and high-touch surfaces was conducted. Following the
outbreak, the Environmental Services (EVS) Department
decided to embark on a quality improvement program to

Acknowledgements: The authors wish to thank patients, Environmental Services staff, Support Services, Patient Flow, clinical staff, Facilities Management, Clinical

Engineering, Infection Prevention and Control, and the former Regina Qu’Appelle Health Region Senior Leadership Team for their support and contributions to the
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upgrade and enhance its cleaning and disinfection practices
and protocols with the goal of preventing future outbreaks
within the hospital.

METHODS

In 2014, the EVS Department, in partnership with the Infection
Prevention and Control (IPAC) Department, analyzed the
current state of practices, procedures, and products related

to cleaning and disinfection at a 420-bed teaching affiliated
hospital. In addition, an environmental cleaning document from
the Provincial Infectious Diseases Advisory Committee [3] in
Ontario was evaluated to determine if the hospital’s procedures
aligned with best practice recommendations.

To determine areas and environmental surfaces that
were cleaned and disinfected and the healthcare provider
responsible, a sticky note exercise was conducted. This activity
involved nurses (working different shifts), personnel responsible
for stocking the supply room, and EVS and unit support staff
each receiving a specific colour of sticky note. Over a four-to-
six-hour period, staff placed a coloured sticky note on the area
or equipment they were currently responsible for cleaning.

To evaluate the engagement and performance of the EVS
Department, surveys were completed by EVS staff, internal
clients (e.g., department managers, clinical staff), and patients
(Table 1). Surveys for EVS staff and internal clients were
completed online and responses were based on a five-point

Likert scale. Patient surveys were conducted by EVS supervisors
through face-to-face discussions after the patient’s room was
cleaned. Survey questions for patients were open-ended.

RESULTS

Analysis of cleaning and disinfection protocols, best practices,
sticky note exercises, and patient and staff surveys resulted
in targeting several key areas for improvement, including
standardizing procedures, replacing cleaning products, utilizing
technological tools, and increasing staff accountability. Patient
safety was identified as the key priority and it was decided that
enhancements in cleaning and disinfection procedures should
be dedicated to all patient care areas. Subsequently, four quality
improvement projects were developed and implemented from
2015 to 2017.

Project 1: Standardizing cleaning procedures

Results from the sticky note exercises identified areas and
equipment that were not cleaned and/or were cleaned by
multiple staff. To ensure consistency in cleaning and disinfection
processes and procedures by the appropriate healthcare
provider, standard work was created, including procedures for
floors, bathtubs, showers, furniture, medical equipment, and
patient rooms. The standard work also included a script to assist
EVS staff in communicating the cleaning process of a patient’s
room to patients and visitors.

TABLE 1: Survey questions for EVS staff, internal clients, and patients.

EVS Staff Engagement Questions

1. My manager is approachable and easy to talk to.

In the past six months, someone has talked to me about my progress and performance.

My co-workers are committed to doing quality work.

The people | work with treat each other with respect.

I have enough time to do my work.

The facility where | work provides a safe work environment.

2
3
4
5. I have the right tools and materials to do my work.
6
7
8

I know what is expected of me at work and understand the importance of my job.

9.  Atwork, my opinion counts.

10.  The clients/patients count on me and the work | do.

11. 1 enjoy my job.

Internal Client Questions

1.  The Environmental Services staff are courteous and collaborative.

2. How satisfied are you with the overall service provided?

3. The level of cleaning in your area meets your requirements.

4. lam able to reach an Environmental Services supervisor or manager when required.

5. Environmental Services are integral to the operations of your department.

Patient Questions

1. Do you have any comments related to the cleanliness of the room?

2. Is there anything that you need to be cleaned?
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Project 2: Changing cleaning products

Initially, the EVS Department used cotton cloths and a
quaternary ammonium compound to clean and disinfect
surfaces. However, research indicates that cotton towels
exposed to disinfectants containing quaternary ammonium
compounds resulted in a substantial loss in disinfectant activity
and concentration [4]. Based on this research and best practice
recommendations [3], the EVS Department changed to an
accelerated hydrogen peroxide disinfectant as well as microfibre
cleaning materials, including cloths and mops.

Project 3: Incorporating technological tools

To enhance cleaning and disinfection practices within the
hospital, two technological tools were utilized by the EVS
Department. The first, an auditing system utilizing fluorescent
marking gel, was introduced to assist in identifying high-touch
surfaces in patient rooms and bathrooms that were consistently
cleaned and disinfected. Results from the auditing system were
used for trending and benchmarking. Overall, results indicated
that the percentage of high-touch surfaces that are regularly
cleaned and disinfected in patient rooms and bathrooms steadily
increased from 70% in 2015 to 90% in 2018. Despite this
overall increase, results also identified specific environmental
surfaces that were not routinely cleaned and disinfected. The
audit results were regularly reported at departmental huddles
and were used to coach and train EVS staff. Results were also
posted on the hospital’s intranet website for all healthcare
providers to view.

The second technological tool, a portable hydrogen peroxide
disinfection system, was purchased by the EVS Department.
This technology was specifically utilized during outbreaks (i.e.,
patient rooms, staff rooms, cleaning service rooms, tub and
shower rooms) or during seasonal cleaning (i.e., patient rooms).

Project 4: Focusing cleaning and disinfection procedures in
patient care areas

In 2017, a seasonal cleaning program was introduced for all
inpatient units. This program was developed by internal partners
during brainstorming sessions to prevent future outbreaks.

The seasonal cleaning program consisted of a patient room
being closed for a minimum of 24 hours. During this time,
unit staff decanted the room, repairs (e.g., walls patched, puck
board applied, electrical and plumbing problems repaired,
walls painted) were completed by the Facilities Department,
preventative maintenance of equipment (e.g., lifts, beds) was
performed by the Clinical Engineering Department, and EVS
staff polished the floors. Lastly, furnishings were moved back
into the patient room and the room was terminally cleaned
and disinfected and then fogged using the portable hydrogen
peroxide disinfection system.

DISCUSSION

Understanding the current procedures and activities of the
EVS Department identified several opportunities for improving
cleaning and disinfection practices as well as patient safety
within an acute care hospital. Engaging patients and staff

resulted in clear and consistent cleaning and disinfection
processes that were successfully implemented and maintained
in patient care areas. Conducting sticky note exercises, which
had high visual impact using little technology, resources, or
cost, ensured equipment was cleaned by dedicated healthcare
providers. Furthermore, by utilizing an audit and feedback
system, cleaning and disinfection of high-touch environmental
surfaces was easily monitored and addressed with EVS staff in
addition to promoting and sustaining EVS staff accountability.
Overall, the success of the various quality improvement projects
was largely due in part to collaborations, partnerships, and
communication strategies established between departments that
included Nursing, Patient Flow, Facilities, Clinical Engineering,
EVS, and IPAC.
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ABSTRACT

Background: During endodontic treatment in dentistry, if the gutta-percha points contain microorganisms that are resistant to the conditions in the root canal once it is

sealed, they can lead to new infections. The purpose of this study was to determine the presence and quantification of facultative anaerobic bacteria in students’ gutta-

percha points.

Methods: A representative sample of dentistry students’ gutta-percha points were collected, together with information on their characteristics. The points were placed
in saline solution for inoculation in blood agar followed by anaerobic incubation for five days. Bacteria presence and type were determined, quantified, and identified.

Following this, the X* test was used to verify whether there were any significant differences in the contamination found in the points between the characteristics studied.

Results: The results of the microbiological analysis revealed that 32.1% of the points appeared to be contaminated by facultative anaerobic bacteria. The most common

types of microorganisms were gram-positive bacilli, followed by gram-positive coccus. Staphylococcus epidermidis was among the microorganisms identified. No
relationship was observed between the presence of cone contamination and the characteristics, but a statistically significant difference was detected within the group

defined by package opening date. Significant differences were also found in terms of the presence of spore-forming bacilli within the group defined by package opening

and expiry date.

Conclusions: The presence of facultative anaerobic bacteria of clinical interest in the gutta-percha points used by dentistry students was identified and quantified. Among
the bacteria identified, some are of clinical importance, such as Staphylococcus epidermidis and Streptococcus mitis. The establishment of disinfection protocols for such

materials is recommended.

KEYWORDS
Gutta-percha; root canal obturation; contamination; bacteria

INTRODUCTION

During endodontic therapy, the dentist seeks to remove

the microorganisms present in the root canal and prevent
new microorganisms from accessing the area by establishing
inhospitable conditions [1], including the insufficient or almost
null quantity of nutrients, limited space, the alteration of

the redox potential (physiological state based on oxidation-
reduction reactions in biological systems), low oxygen

concentration, and the presence of antimicrobial substances [2].
However, it has been revealed that some of the microorganisms
involved in endodontic infectious processes are able to adapt to
such conditions [2, 3]. Thus, if the gutta-percha points contain
microorganisms that are resistant to the conditions in the root
canal once it is sealed (obturated) (Figure 1), and if they possess
virulence factors and the appropriate infective dose [4], they can
lead to new infections.
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FIGURE 1: Gutta-percha points.

Legend:
(a-0) Acrylic representation of root canal preparation.
a)  Untreated root canal.
b)  Cleaned and shaped root canal.

) Obturated root canal with gutta-percha points.
d)  Gutta-percha point No. 25.

) Obturation of root canal with gutta-percha points
No. 15 and No. 20.

Microbiological analyses of endodontic failure reveal that the
microorganisms present in the secondary infection differ from
those found in the initial infection [5]. The secondary infection
reveals a predominance of facultative anaerobic and gram-
positive bacteria [6, 7] given the entrance of microorganisms
during or after the treatment [8]. Facultative anaerobic bacteria
are versatile in adapting to conditions with or without oxygen,
they are able to occupy a variety of environments, and many of
the species in the group can lead to infection [9]. These factors
make them interesting to analyze in terms of their presence on
gutta-percha points.

Given the fact that gutta-percha points (Figure 1) are
made with a component that prevents the proliferation of
microorganisms (zinc oxide), that some are sold in sterile
conditions, and that their quality can be affected by sterilization
or disinfection, there is no firm requirement to subject them to
high-level disinfection or sterilization [10, 11]. However, many
studies have revealed that the points become contaminated
during storage and manipulation even in recently opened
packages [10, 12, 13].

The aim of this study was to determine the presence and
quantity of facultative anaerobic bacteria on dentistry students’
gutta-percha points and to determine whether there is a
relationship between the presence of the bacteria and the
students’ use of the instruments.

METHODS

The study complied with ethical principles and voluntary and
confidential participation through the completion of informed
consent forms by the participating students. This study was
approved by the ethics subcommittee of the Universidad
Cooperativa de Colombia.

Points collection

A representative sample of students’ gutta-percha points at the
Universidad Cooperativa de Colombia’s Faculty of Dentistry,
Villavicencio with a confidence interval of 95% (n = 81),

was collected. As well as the point samples, information was
gathered on the type of storage, point diameter, point brand,
package opening date, and expiry date. The points were taken
directly from their packages under aseptic conditions.

Microbiological analysis

For this analysis, the points were placed inside Eppendorf tubes
with sterile saline solution and were shaken by hand for a
minute in order to release the bacteria present in the materials.
Subsequently, 200 ul of the solution was plated in duplicate in
blood agar and incubated for five days at 35° C in anaerobiosis
jars with AnaeroGen Thermo Scientific sachets. After the
incubation process, the presence of bacteria colonies in the
points was determined and the colony-forming units (CFU) were
quantified. The morphology of the colonies was described, and
a gram stain along with observation of the cell morphology was
carried out using culturing in aerobic conditions to confirm
whether the colonies were of facultative anaerobic organisms.
Finally, a catalase test was carried out and colonies to be
identified were selected in a microbiology-certified laboratory
using the VITEK system.

Statistical analysis

The SPSS program (version 22.0) was used to determine the
median value and interquartile range of the total CFUs present in
the points. The X?test was used to verify whether there were any
significant differences in the contamination found in the points
between the groups defined by the characteristics studied.

RESULTS

Microbiological analysis

The microbiological analysis revealed that 32.1% (n = 26) of
the points were contaminated by facultative anaerobic bacteria,
with a median value of 5 CFU/ml (interquartile range [IQR]
5-15). The CFU/ml range found in the contaminated points was
5 CFU/ml to 40 CFU/ml.

The study revealed different types of colony morphology
and bacterial cells. It confirmed that all the isolates were of
facultative anaerobic bacteria. Among the types of bacteria
found in the contaminated points, gram-positive bacilli
presented the highest percentage, with a median of 5 CFU/ml
(IQR 5-5); followed by gram-positive coccus, with a median of
8.8 CFU/ml (IQR 5-16.9); gram-negative bacilli, with a median
of 5 CFU/ml (IQR 5-7.5); and gram-positive spore-forming
bacilli, with a median of 5 CFU/ml (IQR 5-22.5) (Figure 2).
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FIGURE 2: Frequency of facultative anaerobic bacteria in contaminated gutta-percha points.
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The influence of point characteristics on the presence
of facultative anaerobic bacteria
This study found that most of the points were of the same
brand (87.7%), that 36% of the points were stored in locations
outside the clinic (students’ houses or lockers), and that 21% of
the points were past their expiry date. It was also detected that
24.6% of the points came from packages that had been opened
over 12 months prior, and 1.2% were not packaged at the time
of collection.

In the microbiological analysis, a greater frequency of
contaminated points was observed in the groups defined
by characteristics such as the type of storage (clinic), point
brand (No. 3), package opening date (six to 12 months),
expiry date (for over 12 months), and point diameter (No.
80). The only statistically significant difference found (p <
0.05) was related to the package opening date, although not
in a linear relationship. With respect to the different types of
microorganisms detected in the points, statistically significant
differences were found (p < 0.05) insofar as spore-forming
gram-positive bacilli were present within the groups defined
by package opening date and expiry date.

DISCUSSION

The main causes of endodontic failure are attributed to
microbial factors, the persistence of infectious microorganisms
in the root canal, microfiltration, or to inadequate control in the
aseptic chain [5, 6]. This study found that 32.1% of the dentistry
students’ gutta-percha points were contaminated by facultative
anaerobic bacteria. Other studies have reported percentages

Return to TABLE OF CONTENTS

of aerobic bacteria contamination in 5% to 40% of points from
different sources (new and recently opened, stored, in use, etc.)
[10, 13]. Few studies have examined the presence of facultative
anaerobic bacteria only. Gomes et al. [12], for example, report
contamination by this type of bacteria in 5.5% of the points.

The microflora present in endodontic failure is different from
those present in the primary infection given that it is facultative
anaerobic bacteria and gram-positive bacteria [6, 7] that
predominate. Most of the species found belong to the Firmicutes
phylum [7], which includes bacteria of the genera Bacillus,
Staphylococcus, and Streptococcus, among others. In this
study, the types of microorganisms were gram-positive bacilli,
gram-positive coccus, and gram-negative bacilli. Bacteria of the
genera Staphylococcus, such as S. epidermidis, S. capitis, and
S. hominis, were identified. Other studies have also reported
the presence of these microorganisms in the points [10, 12]. A
clinically-important species frequently found in these materials
is the S. epidermidis, which has been associated with dental
abscesses [14], endocarditis [15], bacteremia [16], and other
types of infection. These bacteria share certain features with E.
faecalis, which is frequently associated with endodontic failure
[17] given its ability to form biofilms [18] and for being resistant
to several antimicrobials [19].

Other clinically interesting microorganisms identified are
the Streptococcus mitis, involved in endodontic infections
[8], endocarditis, septicemia, and bacteremia, among others
[20]; and Granulococatella adiacens, associated with cases of
endodontic infections [21], endocarditis [22], and bacteremia
[23], among other infections.
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Bacteria in the Bacillus genera were also identified. Some
of these had spore-forming characteristics, making them
resistant to physical (heat, cold, radiation, drying) and chemical
(disinfectants) conditions and, as such, hard to eliminate
from medical equipment. This highlights the importance of
determining the most effective medium for their destruction
[24]. Different Bacillus species have been progressively
implicated in a broad range of infections, including abscesses,
bacteremia, septicemia, wounds, endocarditis, and meningitis,
among others. Many of these occur as secondary or mixed
infections in immunosuppressed patients, but a significant
proportion lead to primary infections in healthy individuals [24].

According to the scientific literature, some of the
microorganisms identified in this study may lead to infection;
for this to happen, however, they have to survive inhospitable
conditions [1, 3], and possess the appropriate virulence factors
and infective dose [4]. The microorganisms in the points
analyzed were found in low doses, but susceptibility to infection
in immunocompromised individuals is different [25].

With respect to the relationship between the presence
and quantification of facultative anaerobic bacteria and the
characteristics of the points used by the students, the only
significant differences found were between the groups defined
by package opening date, but there was no linear relationship.
Other studies have not found significant differences between the
properties studied and the contaminated points [12, 13].

CONCLUSIONS

In this study, facultative anaerobic bacteria were found in

32.1% of the points used by the dentistry students. Among

the bacteria identified, some are of clinical importance, such

as Staphylococcus epidermidis and Streptococcus mitis. No
relationship was found between the presence of this type of
bacteria and the point properties, indicating that contamination is
random more than it is conditioned by opening and expiry date,
brand, and diameter. As such, disinfection before use is essential.

Recommendations

We recommend the development of studies to establish
appropriate disinfection protocols that do not alter the points’
physical and chemical properties. The protocol must consider
contamination by highly resistant bacteria structures such as
spores and establish compulsory disinfection of the points before
use in order to maintain the aseptic chain during treatment.
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ABSTRACT

Background: Orthopaedic surgical site infections (SSls) are among the most common hospital-acquired infections, leading to serious health complications, hospital

readmissions, and extended hospitalizations.

Objective: This study aimed to evaluate outcomes and assess the epidemiology of orthopaedic SSls six months post-operation in patients with preoperatively intact sites of

surgery.

Methods: The prospective cohort study was conducted in a tertiary hospital over two years. All patients with previously intact surgical sites were included (n = 9,318). The

U.S. Centers for Disease Control and Prevention criteria for SSI diagnosis were used. Six-month post-surgery patients were assessed by orthopaedic medical residents. In

questionable cases, wound inspections were validated by the investigating team.

Results: The incidence of SSls was 0.91%. Diabetes, smoking, alcoholism, and prolonged retention of a drainage tube, along with implant-related surgeries, oncologic
surgeries, and surgeries on areas with deep-seated infection had significantly higher rates of SSls (p < 0.05). S. aureus was the most commonly detected bacteria, followed

by gram-negative bacilli. At the six-month follow-up, 13 of 85 SSI patients had persistent infection and 39 were lost to follow-up.

Conclusion: Our study detected a 0.91% incidence of SSls and statistically significant risk factors with significant morbidity at six months post-surgery.

KEYWORDS
Surgical site infections; orthopaedic infections; India; antibiotic resistance

INTRODUCTION

Surgical site infections (SSIs) are a serious complication in
orthopaedic surgery. The problems faced by patients include
but are not limited to prolonged hospital stay, multiple hospital
visits, delay in functional recovery, increased mental stress, and
a poor quality of life overall. A literature review indicates that a
significant variability in the incidence of orthopaedic SSls was
noted between different studies, with reported rates as low as
1.9% in a study by Mabit et al. (2012) [1] to 22.7% in a study
by Maksimovi¢ et al. (2008) [2]. The literature on orthopaedic
SSls in developing countries is neither extensive nor uniform.
In our tertiary care hospital, we prospectively followed a cohort
of orthopaedic patients for six months post-surgery, assessing
incidence, risk status, risk factors, and outcomes.

METHODS
This prospective, single-centre cohort study was carried out in a
tertiary care hospital in south-western India between September

2015 and September 2017. Orthopaedic surgery patients with
preoperatively intact surgery sites were included in the study.
Patients having open wounds at the site of surgery or having

an American Society of Anesthesiologists (ASA) [3] score of

five were excluded. The study was approved by the hospital’s
Institutional Ethics Committee and informed written consent was
obtained from all study participants.

Of the 11,253 surgeries performed in the given time frame,
9,318 cases met the inclusion criteria. Their case files were
reviewed and their preoperative details, demographic data,
pre-morbidities, pre-anaesthetic workup chart, and diagnosis
were recorded. For surgery details, the procedure notes and the
anaesthetist charts were reviewed. Based on this data, the U.S.
Centers for Disease Control and Prevention’s (CDC) National
Health and Safety Network’s SSI risk index [4] was calculated
for all patients. The 75th percentile cut-off value of time was
established as 180 minutes for spine and arthroplasty, 90
minutes for amputation, and 120 minutes for fracture surgeries
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[4]. The wound class was based on the wound contamination
classification as described by Altemeier et al. (1984) [5]. The site
of surgery grade was as per the ASA.

Post-operatively, all patients were monitored for
development of SSls as per CDC criteria [6] at every wound
inspection and the follow-up was performed by the operating
surgeon. In the wards, the wounds would be regularly
monitored by orthopaedic medical residents. If an SSI was
suspected, the principal investigators were informed and a
wound swab was collected for gram staining and culture,
followed by antibiotic sensitivity. The details of the wound were
recorded in the case file.

Culture and sensitivity reports were monitored and antibiotic
therapy was initiated or modified based on the microbiology
reports. SSI patients were again followed up at six months and
were asked to attend an in-person assessment. If they were
unable to attend, patients were evaluated remotely based on:

1. An evaluation report of their wounds by their local primary
healthcare physician.

2. An over-the-phone questionnaire inquiring about fever,
swelling, erythema, warmth, extent of wound involvement,
edges of the wound, discolouration, foul smell, discharge
from the wound, and induration.

3. Photographs of the wounds obtained over the phone.
Documentation of the patient’s return to their preoperative
functional status.

To compare risk factors, a control subset group of 87 non-

infected surgical patients was randomly selected. The two

groups were compared for pre-existing diabetes mellitus, history
of alcoholism, body mass index (BMI), presence and duration of
retention of a drainage tube, as well as the wound class.

To understand the strength of association between two
categorical variables, a chi-squared test was carried out. For the
scale parameters such as mean value, comparison was carried
out using independent t-test analysis. A p-value of less than
0.05 was considered to be significant with a 95% confidence
interval. To understand the variation in SSls due to risk factors, a
regression analysis was carried out.

RESULTS
At the end of the study period, a total of 11,253 surgeries were
performed, of which 9,318 cases met the inclusion criteria and
hence were followed up for development of SSls. We detected
85 cases of SSls, an incidence of 0.91%. The SSI incidence rate
was 0.94% (n = 63) in males and 0.84% (n = 22) in females.
The highest number of surgeries was in the 31 to 45 age
bracket, whereas the highest incidence of SSIs was in the 46
to 60 age bracket. In our study, deep incisional SSls were the
most common (56.5%), followed by organ/space infections
(28.2%) and superficial incisional infections (15.3%). Of the 85
infected cases, 16 were upper limb surgeries (18.8%), 55 were
lower limb surgeries (64.7%), and 14 were spinal surgeries
(16.5%). The random sampling of the non-infected cases
(n = 87), however, revealed 22 surgeries on upper limbs
(25.3%), 50 surgeries on lower limbs (57.5%), and 15 spinal
surgeries (17.2%).

The incidence of pre-existing diabetes mellitus type 2 was
24.7% in the 85 SSI cases, whereas in the non-infected cases
(n = 87), the incidence was 12.6% (p = 0.04). A history of
alcoholism (p < 0.001) and smoking (p < 0.001) pre-disposed
patients to SSIs. However, our study did not find a significant
correlation between the nature of the surgery (emergency
vs. elective) or the BMI of the patient. Open reduction and
internal fixation of a fracture was significantly associated with
a higher risk of developing an SSI (p < 0.001) compared to
closed reduction, internal fixation, and soft tissue surgeries.
The mere presence of a post-operative drainage tube was not
a statistically significant factor for increasing the risk of SSI
occurrence. However, the duration of post-operative drainage
tube retention was found to be significantly more important (p
= 0.008). The presence of a pre-existing focus of infection at
the surgical site was significantly associated with an increased
risk of an SSI (p < 0.05).

The most common organism detected was S. aureus
(24%) and 55% of the isolates were methicillin-resistant S.
aureus (MRSA). The next most common organisms were
gram-negative bacilli (P aeruginosa and E. coli were the most
common). Antibiotic sensitivity and resistance patterns were
studied for all the detected bacteria. All MRSA were found
to be sensitive to linezolid, vancomycin, and teicoplanin,
whereas clindamycin sensitivity was noted in only half of
the isolates. The gram-negative bacteria were noted to have
two sensitivity patterns and almost half of the isolates were
multidrug-resistant.

Mean duration of hospitalization was 30 days and 13 days
in patients with and without SSls, respectively (p < 0.001). Of
the 85 SSI cases, 12 patients did not return for assessment and
hence the wound status could not be assessed by us. Of these,
four patients” medical records documented control of infection
at the last follow-up, which meant that the patient would not
need further interventions. In the remaining 73 patients (out of
85), it was found that 13 patients had a persisting infection.

DISCUSSION

Our study revealed an incidence rate of 0.9% for SSls in
preoperatively closed cases — a rate only slightly higher than
those reported in studies carried out in developed parts of the
world [1]. Our study’s relatively lower incidence rate when
compared to that of other studies conducted in developing
countries can be attributed to the exclusion of open wounds
and seemingly low detection of superficial SSls.

The results of our study show a significantly increasing trend
in the rate of SSI occurrence as the patient’s age increases.
Published literature stands divided with respect to advancing age
and the risk of SSls. Several authors have reported statistically
significant association between an increase in age and higher
SSI risk [7-9]. At the same time, some studies could not prove
a significant association [10, 11]. The general trend, including
our study, shows an increase in the rate of SSls with patients
aged up to and around 60 years old, following which there is a
small decline in the incidence rate. There may be three possible
reasons for these results:
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1. The hardy survivor effect [9], wherein it is hypothesized that
the elderly population has already survived long and may
have a physiological advantage over the younger population,
which leads to a lower SSI risk.

2. Selection bias.

3. Patients’ increased amount of vehicular travel and work-
load up to their retirement age are followed by accidental
falls at home and other such low-energy mechanisms of
injury, which take over as the leading cause of trauma
requiring fixation.

The patients undergoing orthopaedic oncology surgeries

showed the highest proportion of SSIs (4.7%) in our study. It has

been reported by Gradl et al. (2014) [12] that increasing age,
total number of preceding procedures, pre-existing implants,
infection at another site on the date of surgery, malignant
disease, a hip region that is affected, and duration of the
procedure were significantly associated with increased SSI risk.

Orthopaedic oncology patients in our study who developed

an SSI were noted to have prolonged procedure duration,

malignant disease, and a hip region that was more often

involved, with the use of mega-prosthesis in many instances.

There is a general consensus that implant-related surgeries
are majorly affected by SSls and soft tissue surgeries do not get
infected as easily as the implant-associated ones. The presence
of a post-operative drainage tube has also been touted as a risk
factor for development of an SSI because the tube serves as a
foreign body [13]. Our results could not confirm this association
significantly. However, the presence of a drainage tube for more
than 3.5 days post-operatively as well as whether any implant
was used for the surgery were significant risk factors.

The depth and, correspondingly, the severity of SSs in
orthopaedic settings in the U.S. [14], Brazil [15], and Poland
[16] show a pattern of deep > superficial > organ SSIs, whereas
China [17] and England [18] show a pattern of superficial
> deep > organ level SSls. Our study showed a pattern of
deep>organ>superficial incisional SSls.

Our study had limitations. Specifically, this was a single-
centre study with a small sample of SSI cases studied and a
portion of the sample was lost to follow-up.
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Transforming water into a powerful ally
1 L0, HAND HYGIENE SINK

~lasslinc.com

www.classlinc.com
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s Ozonatetiwater
* Laminar flow
* Self-flushing
» Motion activated
* Programmable

+ Wheelchair accessible

* Prevents bacterial growth
and biofilm

» Drain & trap free of CPOs
and other pathogens

* Future data integration with
hand hygiene monitoring
programs

* Exceeds CSA Z8B000 and
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Building Better Healthcare
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Manual monitoring of hand hygiene is so outdated.

It’s time to upgrade to the clinically provefn system more and more hospitals rely on.

The DebMed"® Electronic Hand Hygiene Monitoring System:

Only system proven in a peer-reviewed study to significantly reduce
MRSA and C. diff HAIs'2,
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Easy to install with no badges or complicated equipment.

Able to capture 100% of hand hygiene events, based on the 4 Moments
for Hand Hygiene®.

BEFORE INITIAL
PATIENT/PATIENT
ENVIRONMENT

CONTACT

Sustained performance improvement in as few a 90 days.

Request a demo today @ www.debmed.ca

Kelly J, Blackhurst D, McAtee W, Steed C. Electronic hand hygiene monitoring as a tool for reducing healthcare-associated methicillin-resistant Staphylococcus aureus infection. Am J Infect Control 2016:44:956-7. 2. Robinson N, Boeker S, Steed C, Kelly W.
Innovative use of electronic hand hygiene monitoring to control a clostridium difficile cluster on a hematopoietic stem cell tranplant unit. Poster presentation: Association of Professionals in Infection Control (APIC) Annual Conference; June 2014; Anaheim,
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2015, Deb Group was acquired by SC Johnson, a privately held, family company and one of the world’s leading manufacturers of household cleaning products and products for home storage, air care, pest control and shoe care. ©2018 Deb Group Ltd. All
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