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Abstract

Purpose of review Healthcare-associated infections (HCAIs) are still a major cause of
patient morbidity and mortality nowadays and there are evidences that these infections
are highly preventable. Although many efforts have been made to prevent them, we live
with a global burden of HCAIs and low- and middle-income countries reported HCAIs rates
higher than in high-income countries accompanied by the problem of multidrug resistant
microorganisms.
Recent findings Basic measures for infection control and prevention must be put into
practice and new techniques and methodologies have to be incorporated into HCAI control
programs. The purpose of this review is discuss new interventions targeting HCAIs such as
the use of practice bundles, behavioral change strategies, public reporting of infection
rates, environmental cleaning, hand hygiene, and antimicrobial stewardship programs.
Summary We emphasize that all preventive measures require adherence by healthcare
workers that depends on behavioral changes and reinforce that classical subjects as hand
hygiene, environmental cleaning, and prudent use of antimicrobials need to be rethinking
on the set of new technologies using electronic media for alerts, consultations, and audits.

Introduction

Healthcare-associated infections are a major cause of
patientmorbidity andmortality. Fortunately for patients

and the healthcare system, there is increasing interest in
this field and the arise recognition that many of these
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infections are highly preventable. We explore interven-
tions targeting healthcare-associated infections includ-
ing the use of practice bundles, behavioral change strat-
egies, public reporting of infection rates, environmental
cleaning, hand hygiene, and antimicrobial stewardship

programs. We pointed that behavioral change strategies
are the key point to improve adherence to organization-
al policies and infection prevention and control
interventions.

The burden of healthcare-associated infections (HCAI)

Healthcare-associated infections (HCAI) are themost frequent adverse outcome
in healthcare settings worldwide, affect hundreds of millions of people world-
wide, and are a major global challenge for patient safety.

However, the global burden of HCAI remains unknown because of the
difficulty to gather reliable data. Inmany settings, from hospitals to outpatient’s
clinics and long-term care, HCAI appear to be a hidden, cross-cutting problem
that no institution or country can claim to have solved yet. HCAI surveillance is
complex and requires the use of standardized criteria, availability of diagnostic
tools, and expertise to interpret the results. Surveillance systems for HCAI are
available in several high-income countries; however, they are not feasible in
most low- and middle-income countries [1].

The World Health Organization (WHO) conducted a systematic review of
literature on endemic HCAI from 1995 to 2010 in high- and low- and middle-
income countries. This review observed that there are robust data compiled in
Europe and the USA by European Center for Disease Prevention and Control
(ECDC) and CDC; however, there is a lack of data in developing countries. The
fact is that low- and middle-income countries reported HCAI rates higher than
in high-income countries as expected [2]. The rates observed in this review are
shown in Table 1.

HCAI can lead to prolonged hospital stay, long-term disability, increased
resistance of microorganisms to antimicrobials, massive additional costs for
health systems, high costs for patients and their family, and unnecessary
deaths [3].

Table 1. Comparison of rates of HCAI in high- and low- and middle-income countries [2]

Rates High-income
countries

Low- and middle-income
countries

Surgical site infections (%) 1.2–5.2 1.2–23.6

Pooled cumulative incidence—ICU (1000
patient-days)

17 42.7

CR-BSI (1000 central lines days) 3.5 12.2

CR-UTI (1000 urinary catheter-days) 4.1 8.8

VAP (1000 ventilators days) 7.9 23.9

ICU intensive care unit, CR-BSI catheter-related bloodstream infection, CR-UTI catheter-related urinary tract infection, VAP ventilator-associated
pneumonia
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From 2010 to the present, the burden of multidrug resistant pathogens has
been increased. Antimicrobial resistance is occurring everywhere in the world,
compromising our ability to treat infectious diseases.

Both World Health Organization (WHO) and Center for Diseases Control
and Prevention (CDC) have call attention to this problem and tried to integrate
programs to reduce HCAI by assisting with the assessment, planning, and
implementation of infection prevention and control policies, including timely
actions at national and institutional levels [4•,5].

However, we are still far to solve this question; on the other hand, there is
strong evidence that HCAI can be prevented. Nonetheless, it is imperative that
basic measures for infection control and prevention must be put into practice
such as the implementation of standard and isolation precautions, environ-
mental cleaning, water and sanitation in health-care settings, sterilization and
disinfection procedures, and specific measures for injection safety [6].

In this scenario, new techniques andmethodologies have been incorporated
into HCAI control programs and will be discussed in this paper.

The use of practice bundles

Care bundles are a set of three to five evidence-informed practices performed
collectively and reliably to improve the quality of patient care. Care bundles are
used widely across healthcare settings with the aim to preventing andmanaging
different health conditions [7].

The impact of bundle on reduction of central line-associated bloodstream
infections (CLABSI) and ventilator-associated pneumonia (VAP) has been
greatly studied in the literature.

A search in PubMed database by entering keywords such as “care bundles
and central line-associated infections” found 79 articles in different scenarios
(intensive care units for adults, pediatrics, and neonates). The majority of
studies observed favorable results related to bundle implementation. Two
systematic reviews highlighted the benefits of bundles and one study showed
maintenance of zero rate for 2 years after the implementation of the bundle.

The first systematic review analyzed 96 studies and showed that the
median of CLABSI incidence were 5.7 per 1000 catheter-days on adult
ICUs, 5.9 per 1000 catheter-days on pediatric ICUs, and 8.4 per 1000
catheter-days on neonatal ICUs. In this review, the incidence of infections
decreased significantly from median 6.4 per 1000 catheter-days to 2.5 per
1000 catheter-days after implementation of bundles (IRR 0.44, 95% CI
0.39–0.50, p G 0·0001; I2 = 89%) [8].

The other systematic review included 19 studies. A variety of interventions
was used for the prevention or reduction of central venous line associated
bloodstream infections. These interventions included dressings, closed infusion
systems, aseptic skin preparation, central venous line bundles, quality improve-
ment initiatives, education, and an extra staff in the intensive care unit [9•].

In another study, the care bundle was introduced in 2009 and included a
previously established line insertion procedure and a novel line maintenance
procedure, daily 2% chlorhexidine body wash, daily ICU central line review,
and liaison nurse follow-up of central lines. The average CLABSI rate fell from
2.2/1000 central line days (peak of 5.2/1000 central line days) during the pre-
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intervention period to 0.5/1000 central line days (0/1000 central line days from
July 2012 to July 2014) during the post-intervention period [10].

Regarding VAP, a search in PubMed database by entering keywords “care
bundles and ventilator-associated pneumonia” found 115 articles. Many centers
continue to report dramatic decreases in VAP rates after implementing ventilator
bundles. Interpreting these reports is complicated by the subjectivity and lack of
specificity of VAP definitions. More robust data suggest VAP rates may not have
meaningfully changed over the past decade. If so, this compels us to re-examine
and revise the prevention bundles that we have been using to prevent VAP.

Recent studies suggest that most hospitals’ ventilator bundles include a mix
of helpful elements. Spontaneous awakening trials, spontaneous breathing
trials, head-of-bed elevation, and thrombosis prophylaxis appear beneficial.
Selective digestive decontamination by contrast appears to lower VAP and
mortality rates [11•]. A few trials on endotracheal tubes (ETTs) with novel cuffs
failed to translate positive bench findings into clinical settings. In addition,
meta-analyses confirmed the primary role of subglottic secretion aspiration in
VAP prevention. A relatively new ETT, with an innovative cuff design, has been
tested in clinical trials confirming potential value. Meta-analyses confirmed
reduction of VAP with the use of chlorhexidine for oropharyngeal decontami-
nation. However, prophylactic inhaled or oral antibiotics are ineffective. Finally,
there is a growing interest in orally ingested probiotics to prevent VAP [12].

Focus of prevention of HCAI always has been the prevention of infection
related to invasive devices, obviously due to iatrogenic that can occur due to
invasion. Moreover, there are several topographies of HCAI that are not ad-
dressed yet; thus, it is time to think outside the box. An important topography
of HCAI, for example, is hospital-acquired pneumonia not associated with
mechanical ventilation (NV-HAP).

Themajority of studies in the past two decades have focused primarily on VAP.
However, a recent statewide study in Pennsylvania found that NV-HAP is more
common than VAP; NV-HAP is associated with similar risk factors and complica-
tions than VAP and it was associated with a greater overall economic burden. Data
from 2009 to 2011 revealed 5597 NV-HAP cases compared with 2299 VAP
diagnoses, with equivalent mortality (18.7 and 18.9%, respectively). The total cost
for NV-HAP cases was $156 million compared with $86 million for VAP [13].

Data support that risk factors for NV-HAP include age, immunocompro-
mised status, intensive care unit admission, prolonged duration of intensive
care unit or hospital stay, illness severity, underlying chronic lung disorders, and
comorbid health conditions [14]. Currently, NV-HAP is not widely monitored
as a preventable HAI because hospitals are not required to report or implement
standards to decrease the incidence of NV-HAP. The hidden harm from NV-
HAP in acute care is a significant patient safety issue that deserves attention [15].

Spite of the topography, there is a need to include engaging and educating
staff, creating structures that facilitate control infection adherence and providing
regular feedback on process measure performance and outcome rates.

Behavioral change strategies

It is not uncommon for infection prevention and control (IPC) interven-
tions to be successful in one hospital yet fail or have significantly less
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success, when implemented in another healthcare institution. Organiza-
tional factors have been postulated to be a major reason. As a result, there
has been an increasing drive in recent years to understand and address
organizational culture (OC) in order to achieve improved healthcare per-
formance. In order to examine the inter-relationship between OC and
behavioral attitudes by healthcare professionals, to determine whether
and how OC may impact on IPC compliance, and to highlight the potential
for OC modification interventions to improve IPC practices within hospi-
tals, Bono et al. reviewed publications focusing on human behavior and
organizational change. The authors evaluate the theory of OC within
healthcare settings and identify how various elements appear to impact on
IPC-related behavior. They highlight the paucity of well-designed studies
but identify sporadic literature suggesting that well-designed and custom-
ized OC change initiatives can have a positive impact on IPC practices [16].

One of the most critical components of OC is the way the organization is
designed and how the different jobs are arranged. This is particularly relevant in
terms of organizational composition in which adequate numbers of well-
trained staff are vital. Not surprisingly, outbreaks or increased endemicity of
HCAI have been associated with high staff turnover and vacancies, understaff-
ing, heavy bed occupancy, overcrowding, and increased patient turnover [17•].

We discuss some topics that have been evaluated in the literature with
positive results.

Leadership role is one of this. Strong leadership, starting from the very top of
any healthcare organization, has been advocated as being essential for success-
ful IPC campaigns [18]. Hospitals with more effective leadership showed better
hand hygiene compliance and improved gowning/gloving practices among
staff; these institutions were also less likely to report barriers to IPC implemen-
tation [19].

Another topic is the development of multi-disciplinary teams. There is
evidence that healthcare organizations that promote a culture of teamwork
develop more effective IPC initiatives. The formation of multi-disciplinary
clinical teams has been shown to reduce rates of hospital-acquired pneumonia
in intensive care units [20].

Adherence to organizational policies has been seen as well as an effective
OC. Suboptimal compliance rates are consistently reported for even basic
interventions such as hand hygiene and antibiotic prophylaxis in surgery
[21•]. A conceptual seminal investigation carried out by Cabana et al. identified
that physicians’ adherence to guidelines may be hindered by several barriers.
These may include lack of awareness, lack of familiarity, lack of agreement, and
lack of self-efficacy [22].

There are very few studies that demonstrating the relationship between
positive job satisfaction and adherence to IPC. However, the inverse has already
been demonstrated; a consistent relationship has been shown between low staff
satisfaction levels and adverse outcomes such as mortality [23].

Innovation is a constant strategy in any area. Mainly, in the field of
health, we have to be constantly updated and based on evidence. New
technologies should and can be adopted successfully. However, some
healthcare workers may fail to embrace innovative ideas that may go
against (or beyond) their perceived general beliefs [24]. For this, we have
to work with behavior changes. In investigating the cultural impact on
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changes in behavior of medical personnel, Turnell and White proposed the
“stages of change theory” as a powerful theoretical framework for both
educators and targeted participants. In their application, the authors high-
light that educational programs may fail unless the training provided also
addresses the issues of psychological preparedness of medical staff. In
addition to dissemination of information, the aim of IPC education
should be to empower participants to believe in their ability to bring
about the required change through their behavior [25].

Finally, the last decade has been seen an increase pressure formore extensive
use of quality indicators and measures in healthcare, especially infection rates
[26]. HCAI rates have been proposed as an effective marker of system failure in
hospitals and it is undoubtedly an indicator of quality that must be known by
the hospitalization units, the board directory, and the staffs and should be
worked by all to reduce it.

Public reporting of infection rates

There is an increasing interest in public reporting of healthcare-
associated infection rates in both Europe and USA, mostly for patient
safety reasons.

In the USA, a study, conducted in 2006 observed that only three states
publically reported HAIs; McGuckin and colleagues found that 85% of
those surveyed identified HAI rates as an important factor when they were
choosing a hospital [27]. Another study conducted in 2012 assessed con-
sumer awareness, engagement, and intention to seek information on HAI
rates found only 14% of respondents ranked HAIs that highly. One expla-
nation for this difference is that HAIs are not as important as consideration
when respondents are expressly asked to consider the factors of insurance,
location, and referral by a healthcare worker. These findings raise ques-
tions about the usefulness of public reporting programs as they currently
exist, at least as judged by the degree of consumer awareness, engagement,
and intent [28].

On the other hand, in Europe, the ECDC interviewed leaders in infection
control from 34 countries about HAI reporting. Many experts support the idea
of publishing HAI data and acknowledged the positive influence on hospitals
by increasing competition on the basis of quality, but they are hesitant about
publishing infection rates as these can be misinterpreted by patients and need
standardization and validation [29].

Although reporting rates did not seem to be an important factor for decrease
HAIs rates, the public has a right to know what risks are before them and
infection specialists should concentrate their efforts on providing meaningful
and digestible information [30]. Public reporting may not actually engage the
public but it does gain politicians and organizations.

Nowadays, an interesting tool to disseminate information on HAI rates
is the Internet. A survey regarding HAI rates recently conducted in a
hospital showed that out of them knows rates from their physician or
other healthcare worker (58%) or hospital (49%) than from official state
reports (38%), even though official state reports are freely accessible to
anyone with Internet access [28].
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Novel technology solutions such as electronic healthcare games and engage-
ment with social media platformsmay serve to support and reinforce tradition-
al patient safety improvement initiatives.

When considering how the public interprets information on HCAI, organiza-
tions can make use of emerging communication channels such as social media
platforms. There is no doubt that patients are active in such platforms [16].

Environmental cleaning

The ubiquitous environmental contamination by organisms poses an addi-
tional risk for HAI, since personal belongings of the patient and nearby
surfaces are often contaminated with pathogens including multidrug resis-
tant organisms. When these surfaces are touched by healthcare staff, patho-
gensmay be transmitted to patients if hand hygiene compliance is low, which
is the reality in most clinical settings. The impact of environmental contam-
ination on HAI and the cost-effectiveness of surface disinfection remains a
scientifically unresolved issue, despite a growing body of literature [31•].
Regarding hospital cleaning, a broad consensus exists that high standards are
essential.

Recently, the use of hydrogen peroxide as a high level disinfectant to
enhance environmental decontamination was performed in hospital envi-
ronment with success. It is unclear, however, whether this approach should
be confined to outbreak management, the terminal cleaning of isolation
rooms after patient discharge from hospital or even as part of routine
decontamination [32].

The new technology in this field arises as to how we can measure
surface cleanliness to detect increased levels of bioburden. There are
some studies aiming to highlight the utility of adenosine triphosphate
(ATP) bioluminescence technology as a novel technique in detecting the
degree of contamination within the sterile operating room environment
or in other units.

ATP bioluminescence is a novel method to measure cleanliness and can
help identify environmental trouble spots that can potentially lead to
increased infection rates. Future studies correlating ATP bioluminescence
findings with microbiology cultures could add to the clinical utility of this
technology. Although correlation between ATP bioluminescence and clin-
ical infection was not evaluated, it is the subject of future research. Specif-
ically, evaluating microbiology samples taken from environmental surfaces
and correlating them with increased bioburden found with ATP biolumi-
nescence technology can help promote improved cleaning practices [33].

Although, the new products and technologies are an advance in the hospital
cleaning, trainee, checklist, and staff feedback are cheap and helpful strategies
that can be implemented with great success.

Hand hygiene

From the time of Ignaz Semmelweis, healthcare workers have been
instructed in the principles and importance of hand hygiene. However,
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there still a lack of evidence for the role of hand hygiene in preventing
infections and healthcare workers’ adherence to hand hygiene recommen-
dations. Despite the wide-spread consensus that hand hygiene adherence is
a cornerstone of infection control, there is a paucity of high-quality data to
support its efficacy. Moreover, there is evidence that alcohol-based hand
hygiene products may increase healthcare worker adherence to hand hy-
giene recommendations; alcohol-based hand gels do not eliminate
C. difficile spores [34]. Although hand hygiene is the most effective strategy
for preventing healthcare-associated infections, it falls short in many
healthcare facilities. The compliance rate is mostly linked to system design
and easily accessible hand hygiene products. Additionally, system change,
healthcare worker motivation, and complex behavioral considerations
should play a significant role [35•].

Hand hygiene remains challenging in healthcare institutions and mon-
itoring and encouraging compliance with hand hygiene is laborious. Mon-
itor hand hygiene by observation captures less than 1% of hand hygiene
opportunities. Electronic monitoring tools for hand hygiene that use trig-
ger devices and feedback to capture have become available. Although there
have been several feasibility pilot studies that suggest that electronic mon-
itoring tools may be both sensitive and specific, the cost of these systems is
too high, their role in managing hand hygiene is unclear, and additional
study is needed in this area [36, 37].

Antimicrobial stewardship programs (ASP)

Broad-spectrum antimicrobial use is implicated in the generation and selec-
tion of multidrug resistant bacteria. Nowadays, there is a lack of new agents
to treat multidrug resistant infections, the conservation of antimicrobials is
pivotal to current efforts to treat microbial infections alongside interrupting
transmission through effective infection prevention. Thus, ASP aim to give
structure and direction to health care institutions trying to adopt a proactive
approach to tackling resistance through the prudent use of antimicrobials.

Antibiotic stewardship has been increasingly recognized as an important
tool to combat antibiotic resistance, preserve current antibiotics, and improve
patient care through the improvement of antibiotic prescribing at the level of
the individual patient and on a larger scale for hospitals and health care
systems.

Professional societies call for implementation of antimicrobial stew-
ardship in all health care facilities and provide detailed descriptions of
optimal components and implementation strategies. However, less than
50% of acute and long-term care facilities in the USA perform regular
stewardship activities. The degrees to which these activities are performed
are somewhat variable and often proportional to hospital size and re-
sources. It is not always clear how much impact these activities have on
inappropriate antimicrobial prescribing practices. The most common bar-
riers to implementation of stewardship interventions include lack of
personnel, lack of financial resources, opposition from prescribers, and
resistance from administration. Because of the gap between guidelines
and practice, health care providers need to develop ways to leverage
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available resources and personnel to build and enhance antimicrobial
stewardship programs [38•].

Additionally, the use of technology to change behavior in health care is
receiving increased attention.

Several tools as electronic prescribing, bespoke clinical decision support
tools to mobile health systems is currently used in efforts to deliver antimicro-
bial stewardship interventions. There is no conclusive evidence as to the impact
of using different technologies in delivering antimicrobial stewardship pro-
grams or the superior efficacy of using these systems over more simple inter-
ventions. Although using existing technology has benefits of reaching a bigger
audience and easier dissemination of information, technological complexity
may hinder uptake of interventions [39].

Today, we live in a digital era and in addition to medical records, the use of
medical applications (apps) and eBooks available by the introduction of
smartphones has made possible the access of a large amount of medical
knowledge with the tap of a finger at the patient’s bedside. However, connec-
tivity alone does not affect patient care.

The challenge of finding reliable accurate medical apps was highlighted in a
recent publication. The investigators reviewed more than 1200 infectious dis-
eases apps from the Apple and Google Play stores to discover only 12 apps that
were developed by a health care provider [40].

Knowledge of the medical expertise involved in developing the app is
crucial.

Concerns about the accuracy of drug information within medical apps have
resulted in significant changes in the approval process by Apple. Apple now
requires that all drug dosing recommendations within an app have a reference.
It is not clear if Apple has health care professionals cross-checking the accuracy
of the references, but this change clearly portrays the potential negative impact
on patient care if incorrect information is used to guide therapy. Despite these
concerns, the value of having immediate access to information at the point of
patient care has been game changing. In addition, this technology has provided
tools for ASPs around the world [39].

Considering that approximately 700,000 people die every year due to
antibiotic resistant infections, with this number projected, the estimative until
2050 will surpass 10 million per year. Thus, this reinforce the benefits of
antibiotic stewardship that include improved patient outcomes, reduced ad-
verse events as Clostridium difficile infection, improvement in rates of antibiotic
susceptibilities to targeted antibiotics, and optimization of resource utilization
across the continuum of care [41].

Conclusion

HCAI must be targeted as a priority patient safety within comprehensive
approaches to be tackled effectively. In addition to infections related to
invasive devices whose bundles are already well established, we have to
start thinking and preventing HCAI in other topographies. All preventive
measures require adherence by healthcare workers that depends on behav-
ioral changes. Organizational culture, administrative support, leadership,
satisfaction, and multidisciplinary teams are new issues that have shown
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positive results. On the other hand, classical subjects as hand hygiene,
environmental cleaning, and prudent use of antimicrobials need to be
rethinking on the set of new technologies such as the use of electronic
media for alerts, consultations, and audits. The report of infection rates to
the lay public is still a controversial topic but is gaining more space due to
the increase in the socio-cultural level of population and the exercise of
citizenship and human rights.
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