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A B S T R A C T

Background: Adherence to infection prevention and control (IPC) measures, including the proper use of protective personal equipment (PPE), in health care is complex and is inﬂuenced by many factors. Isolated interventions do not have the potential to achieve optimal PPE adherence and appropriate provision, leading to
incomplete PPE implementation.
Objective: To map PPE implementation in health care with a focus on its barriers and facilitators.
Methods: A scoping review was conducted across 14 electronic databases using the Joanna Briggs Institute
methodology.
Results: Seventy-four papers were included in the review. Findings were analyzed and synthesized into
categories to match the Consolidated Framework for Implementation Research domains. The content
was then synthesized into barriers for PPE implementation and interventions to address them. The main
barriers were discomfort in clinical work; shortage, supply and logistics problems; inadequacies in facilities infrastructure, weakness in policies and communication procedures; and health workers’ (HW)
psychological issues and lack of preparedness. Implementation interventions reported were related to
HW wellbeing assurance; work reorganization; IPC protocols; adoption of strategies to improve communication and HW training; and adoption of structural and organizational changes to improve PPE
adherence.
Conclusions: PPE implementation, which is critical IPC programs, involves multilevel transdisciplinary complexity. It relies on the development of context-driven implementation strategies to inform and harmonize
IPC policy in collaboration with local and international health bodies.
© 2022 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All
rights reserved.
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Health care-associated infections (HCAIs) continue to cause morbidity and mortality in most countries,1 despite increases in control.2
In low- and middle-income countries (LMICs) HCAI may be 20-fold
higher than in high-income countries.3,4 The current situation has
raised awareness about the need for preventive measures for patients
and health workers (HWs).5−7
Coronavirus disease 2019 (COVID-19) represents the greatest
global pandemic health challenge of the 21st century and has so far
exposed structural and systemic health care problems of access,
equity, quality and affordability worldwide.8 Published data suggests
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that 7%-8.7% of HWs were infected with COVID-19 which, if acquired
due to health work activities, is considered HCAI. However, high variability across countries has been reported. COVID-19 infection risks
−including inadequate access to or use of personal protective equipment (PPE)−are associated with health facilities’ (HF) organization
and preparedness.7 Restriction or reuse due to limited availability of
PPE compared with unrestricted access to fresh PPE for each patient
encounter was associated with a 2.2-fold to 22-fold increased risk of
reporting COVID-19 symptoms.6
Appropriate provision of PPE and adherence to infection prevention and control (IPC) protocols represent valuable strategies for protecting HWs.7 Nonetheless, the literature reports that PPE adherence
in health care remains low.9−11 The COVID-19 pandemic and outbreaks of Ebola virus disease (EVD) represent an opportunity to reinforce standard precautions5 and collect evidence on additional
transmission-related measures.
Published research studies have found that isolated interventions
such as education and training and other behavioral interventions do
not have a considerable effect on IPC measures adherence.2,12 Furthermore, multiple factors inﬂuence HW ability and willingness to
adhere to IPC guidelines,13 an issue that should be recognized as an
organizational responsibility.10 Therefore, PPE adherence is not a
matter of individual HW decision. Integrated implementation strategies should be planned to ensure uptake of evidence-based practices
and technologies in health care.
Considering that effective PPE implementation is a complex practice, the objective of this scoping review is to map how PPE is implemented in health care, focusing on barriers and facilitators.
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Study inclusion and exclusion criteria
Primary studies in English, French, Italian, Spanish, or Portuguese containing PPE implementation description were included.
Excluded studies were those that focused on clinical procedures
used in respiratory diseases and did not mention PPE in the
abstract; descriptions of unit plan to control infection due to
COVID-19 that do not mention PPE; occupational needlestick
injuries; PPE compliance/attitude/adherence or risk assessment/
prevalence/incidence; and studies with paramedics, students, and
individuals that work in labs, dental care or with dead bodies.
Effectiveness studies, research protocols, reviews, letters to the
editor, comments and texts of opinion were also excluded.
Methodological appraisal was not performed as it is not a mandatory step in scoping reviews.14

Data extraction
Data extraction was carried out by two independent investigators.
The ﬁrst author, LC, was also the ﬁrst reviewer and others (AP; CLCS;
GMM.; NAO; RMAA; SS; WC; YLL) were the second reviewers. Data
extracted from included publications were title, year of publication,
country, speciﬁc disease, objective, setting, characteristics of individuals, study design, PPE type, selection, supply, training or simulation,
strategies for implementation, maintenance/disinfection/sterilization/reuse and disposal, acceptance, adherence/compliance and
workers' experience, implementation assessment and policies, barriers, facilitators and conclusions. In case of disagreements during
data extraction, a third author was consulted to achieve consensus.

METHODS

Data synthesis

Study design

Studies were grouped in eight barriers and implementation
intervention categories and matched to the Consolidated Framework for Implementation Research (CFIR) domains.17 Results
were mapped to the domains “Intervention Characteristics,”
“Outer Setting,” “Inner Setting,” and “Individuals Characteristics,”
except for “Process” domain, which could not be matched. The
ﬁndings were further described in a narrative overview and supplemented with ﬁgures.

A scoping review following the Joanna Briggs Institute methodology14 was performed. PRISMA-ScR recommendations15 were
used. A scoping review protocol was registered at OSF Registries.16 The guiding questions of the present scoping review
were: (1) How is PPE implemented in health care? (2) What does
the process of PPE selection, acquisition, training, maintenance,
acceptance, adherence, and assessment entail in health care? (3)
What are the barriers and facilitators to the implementation process for PPE in health care settings?

RESULTS
Included studies

Data sources and search strategy
Searches were conducted in the following 14 databases:
Cumulative Index to Nursing and Allied Health Literature
(CINAHL), Epistemonikos, Eric, Literatura Latino-Americana e do
 de (LILACS), Cochrane Central Register of
Caribe em Ci^encias da Sau
Controlled Trials (CENTRAL), Cochrane Review, Excerpta Medica
Database (EMBASE), Health System Evidence, Health Evidence,
Joanna Briggs Institute, PsychInfo, PubMed/Medline, Web of Science, Scopus, from their conception until May 11th, 2021. Controlled descriptors and keywords from each database were
delimited and combined (Supplementary ﬁle 1) for the search.
The query expression was a combination of at least 2 terms: one
comprising PPE (“personal protective equipment” or “respiratory
protective devices”) and another related to processes (“implementation,” “assessment,” “maintenance,” “hospital engineering,”
“education” and “training”) Data search was carried out by two
independent investigators (JRG and LC).

Search and study selection is presented in the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram
(Fig 1). Seventy-four studies were included in the review. Study characteristics and summarized ﬁndings can be found in
Supplementary ﬁle 2. A graph of study targeted diseases and years of
publication is shown in Figure 2.
Studies from LMIC,18−39 from high income countries,40−82 and
studies conducted in several income economies83−85 were integrated
into the synthesis. Study settings were mainly hospitals.18,20−26,28,
30,31,33,37−39,43,47−52,55,56,59−64,67,68,70,71,73,74,79,80,82−84,86−89
Methods
most frequently used to collect and report data were intervention
proposals,22,25,37,39,40,47,48,54,57,59,65,66,70−72,74,76,80,82,85,86,89,90 surveys,18
−21,24,26,41,45,46,51,58,61,68,69,79,81,83
practices/actions implementation
description31,32,36,42−44,49,63,78,87,88 and interviews,23,27,28,33−35,38,50,52,
55,56,60,62,64,73,75,77,84,91
among others.29,30,36,42,53,67
The categorized barriers and associated implementation interventions (Fig 3) were extracted from the studies’ ﬁndings and allocated
into CFIR Domains.
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Fig 1. PRISMA diagram search and study selection based on Moher et al92.

PPE1 BARRIERS AND IMPLEMENTATION INTERVENTIONS

Outer and inner setting domains

Intervention characteristics domain
PPE impact on clinical work
HW experience discomfort while using PPEs. Reported PPE issues
were: (1) overheating,34,43,44,61,69,81,88 (2) communication issues
while speaking or listening,44,49,66,70,91 (3) inability to use the bathroom and thirst because of difﬁculties drinking water,49,61,69,70,81 (4)
the demanding and time-consuming nature of donning and
dofﬁng,49,62 (5) breathing difﬁculties,49 (6) poor visibility when performing medical tasks,66,88 (7) topical allergies and skin reactions to
PPE, especially with extended wear,62,69,81,88 (8) pressure areas,61,81
(9) exhaustion,61,69,81 (10) headaches, (11) increase of clinical
breaches,49,66 and (12) productivity loss.69,70
Implementation interventions: To improve personal well-being and
minimize adverse effects of PPE both HF and HW should co-design
and co-produce implementation and sustainability strategies. Adjustments in the duty area like temperature control,23 improvement ventilation in the building,69 and limiting time spent in the clinical
zone23,35 are recommended. In addition, comfort should be taken
into consideration when PPE is selected and purchased. HWs should
be provided with PPE design that allows them to drink water and
take breaks as needed.69
1
The studies mentioned all types of PPE such as medical/surgical masks, ﬁltering
facepiece respirators (N95 mask, FFP2, FFP3, powered air purifying respirator, reusable
€ m SR 100), face shield, glasses/goggle/eye protecelastomeric respirator and Sundstro
tion, hospital scrub, apron, gown, head covering/cap, hood, gloves and long gloves,
(ﬂuid-impermeable) coverall/ bunny suit, shoe cover, and boots.

PPE shortage/unavailability
PPE shortage or unavailability including the ﬁltering face piece
respirators and gowns used as additional transmission-based precautions as required for human safety and to reduce transmission in EVD
and COVID-19 cases were reported30−32,64,68,81,84,91 These shortages
were found in public and private HFs.36 Speciﬁc sizes needed for adequate protection were unavailable, which led to the use of poorly ﬁtted PPE.49,50,84,91 These situations resulted in inadequate adaptations,
including the adoption of non-evidence-based reuse, extended use,
and decontamination and reprocessing practices.44,64 Two authors
reported that HW had no other options but to purchase their own
PPE in retail settings.18,83
Implementation interventions: To minimize PPE shortages masks
can be donated,77,91 mobile teams can provide PPE to hospitals
actively evaluating patients for respiratory infection disease,84 nondisposable respirators can be allocated preferentially to clinical staff
with direct airway manipulation,20,22,31,53,84 and procedures to
reduce the degradation of the equipment can be employed.35 Education was reported to reduce unnecessary PPE use and waste.47 PPE
reprocessing systems can be operated during extreme
conditions22,23,35,51,77,81 with improved implementation of PPE stock
control and supply procedures.51,52 Identiﬁcation and tracking of
reprocessed PPE and return to stock and entry into the HF inventory
was advised.51,52,77 To ensure HWs’ safety, sterile and processing personnel can be trained.22,23 Distinct sterilization and disinfection
methods should be used according to the type of PPE and ﬁltering
facepiece respirators.44,61,81
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Fig 2. Published articles per targeted disease by year.

Fig 3. Personal Protective Equipment (PPE) implementation barriers identiﬁed in the literature, according to the country income.

Supply and logistics problems
PPE supply chain and stockpiling efforts34,35,56,68,85 were thwarted
by logistics, planning and communication challenges.26,53,78,79
Implementation interventions
PPE can be selected and purchased according to HW’s body sizes
and preferences (eg, long sleeves are preferred by some HWs but
may not always be available; or HWs may prefer a surgical cap for
the hood of the coverall suit to protect the head.35,75 Institutional IPC
processes should be established and monitored for quality and
performance.35,43 Processes should be developed to manage supply
of PPE64 and maintain a baseline inventory of every critical item.77 It
may be advisable to conduct a routine and regular facility-level
assessment of the PPE supply. PPE can be allocated and organized to
maximize space and to optimize access and distribution.64,77
HF inadequate infrastructure, lack of preparedness and policies
IPC inconsistencies that may jeopardize HWs and patient safety,
such as inadequacies of facility infrastructure like the lack of adequate equipment storage space, were reported.20 Other issues
included not having a dedicated biocontainment unit to discharge

disposable PPE,50 inadequate space layout between clean and contaminated area,88 and inadequate donning and dofﬁng zones and
procedures.53,61,91 In some clinical setting plans, IPC measures concerning the dofﬁng area, demarcation of zones, and lack of standard
locations for items and compatibility between the physical environment and the adopted ICP measures were not considered.53,88
Regarding respirators, the unavailability or low frequency of ﬁt test
performance26,51,61 was cited as a barrier. Several papers mentioned
conﬂicting or lack of PPE protocols.39,51,53,61,88 One study reported
that inefﬁcient communication between HF leaders or managers and
frontline HWs, and the lack of support from the community and government were factors that inﬂuenced adherence to PPE good
practice.32
Implementation interventions: The implementation of speciﬁc PPE
protocols and operating procedures as part of a multidimensional HF
policy developed with the involvement of HWs was
recommended.19,23,42,51 In a pandemic context a distinct response
plan is especially needed.64 Besides standard universal masking adoption in the whole HF for respiratory diseases like COVID-19,91 critical
policy elements would include (1)robust regular training and qualiﬁcations as a requirement to provide care of patients requiring
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additional transmission-based precautions39,71,75,77; periodic ﬁt testing
and appropriate mask sizing22,44,49,51,57,72,73,75,77,87,91; (2)PPE compliance monitoring by checking expiration date, proper stock management, and ensuring the adherence to PPE manufacturer
instructions51,55; (3)PPE provision as per the level of risk in 3 different
zones (eg, high, medium or low risk)23,75; use of additional PPE like
powered air purifying respirators (PAPRs)75 in all areas allocated for
aerosol-generating procedures; (4)donning and dofﬁng area designations and establishment of standard PPE ensemble and illustrations of
step-by-step instructions for safe donning and dofﬁng ensuring separation of clean PPE from contaminated items, preferably in negativepressure rooms with mirrors.23,35,50,55,64,70,84,91 In case of full body
coverage, simple tools for maintaining balance while removing shoe
covers are advised, such as chairs, hand grips, and step stool53; (5)
organization of the PPE carts and supplies55,82; (6) adoption of reuse
and waste disposal policies, designating appropriate storage, contamination areas and disposal arrangements44,50,52,73; (7) development of
a speciﬁc protocol for patient transportation.52 The responsibility for
the implementation of PPE policy should be shared among HWs,
administrative staff, and IPC and engineering teams.
Policy and procedure communications
It was found that PPE policies were not consistent in HFs and/or
were constantly changing. Too much irrelevant information created
confusion among HWs,49,52 who were sometimes unaware of any
policy on PPE reuse26 and of their facility’s PPE management protocol.31 Daily updates were not helpful because HWs needed consistent
PPE recommendations and guidelines. Also, lack of leadership and
team cohesion and loss of accuracy of the tasks led to PPE incorrect
use.20
Implementation interventions: To overcome communication barriers simple strategies as alternative communication might be used:
hand-signs taught to all HWs, writing on glass doors with markers,91
creation of laminated cards for use by the team,64 and text messaging
apps to discuss key points with the staff.33 More complex strategies
were found to be valuable, such as the implementation of routine
evaluation and feedback regarding HF’s PPE adherence52 and establishment of daily routine meetings and instructions, departmental
bulletins, and face-to-face brieﬁngs.19,52
Individual characteristics domain
HW anxiety and stress
HWs were psychologically affected by clinical practice, especially
in the context of the COVID-19 pandemic. Situations like unannounced simulations involving mock patients43 and others related to
risk perception concerning PPE problems49,62,77,88 engendered anxiety. HWs were also concerned that patients could experience anxiety
and distress when they were unable to stay close or even see the face
of the person treating them due to PPE use.34,70 Finally, HWs were
confused and lacked conﬁdence about the available IPC guidelines
and protocols concerning correct PPE use, disinfection, and
effectiveness.43,62,63,78,81,88
Implementation interventions: PPE training and simulations
decrease latent threats making HWs more conﬁdent and more prepared, thus mitigating anxiety around the burden of pandemicrelated work.33,40,66,71,74,82,86 One study found that trained problemsolving HWs who listen to staff members’ concerns about PPE, sign
post information, and promote best practice in clinical settings21
could facilitate understanding and increase positive attitudes
towards PPE and reduce fear and anxiety levels.19
HWs lack of preparedness, knowledge, or training
HWs lacked knowledge and preparedness concerning PPE selection, correct use, and disinfection processes20,26,30,32,70,82,85,87

because they had not been trained or oriented19,30−32,46,62 or failed to
receive periodic training updates.41 Additional related barriers
included nonmandatory IPC training to all HWs18 and unavailability
of medical staff, who are difﬁcult to capture for training.41
Implementation interventions: Online and in-person training with
practice exercises or simulations improved knowledge, safety and
competency of PPE usage among HWs.29,30,34,37,40,43,45,46,
54,57,60,64,66,71,72,86,89
Training must be completed before HWs start
working.51,60 It advised that training be refreshed at regular
intervals.35,44 Other useful strategies included informing HW practices by making learning materials freely available in repositories,
group chats, and social media.19,39,47,52,65
PPE non adherence
Suboptimal levels of HW PPE correct usage and adherence were
reported.30,31,87 In addition, adherence was not consistently
monitored.87
Implementation interventions: PPE adherence may be improved
with the involvement of stakeholders to develop a culture of safety, a
local IPC policy51 and training.30,31,80 Some strategies to increase
adherence were described: PPE monitoring programmes using
closed-circuit camera to support continuing educational process and
to provide compliance surveillance23,29,35,41,47,77; presence of an
observer to help prevent breaches during donning and dofﬁng,
enable rapid adjustments, periodically inspect the PPE in the clinical
area, and monitor HW well-being19,20,34,38,50,52,53,56,64,70,77,82; and if
possible labor safety ofﬁcers to help prevent PPE breaches during
patient care75; cross-checking of PPE donning, working in red zone,
and dofﬁng using a buddy system23,26,35,52,59; development of a quality assurance checklist for PPE selfmonitoring to identify breaches27;
adjustments in the donning and dofﬁng areas, such as mirror installation, designation of step-by-step pictorial instructions, adaptations of
the coverall zipper, and convenient PPE storage.23,50,56,58
DISCUSSION
This scoping review sought to map how PPE is implemented in
health care settings. We synthesized the PPE implementation barriers
and the interventions encompassed in the included studies. Most of
them objectively focused on responding to outbreak demands
through the implementation of both traditional and innovative practices to enhance quality and effectiveness in IPC. We found that PPE
implementation is complex and requires a broad scope of strategies.
Some implementation barriers could not be matched to just one
domain/construct,17 since they represent problems affecting both
inner and outer settings.
Evidence-based intervention relies on the incorporation of evidence to strengthen stakeholder knowledge, clear communication
channels, and advance planning for needed resources.93,94 Studies
included in this scoping review reported that multiple actors from
different sectors are involved in addressing logistics and use in clinical settings. However, only a few studies endorsed a holistic approach
to PPE implementation. By contrast, most authors focused on speciﬁc
or isolated strategies (e.g., training or clinical setting adaptations in
the context of the pandemic).
HCAIs represent a critical issue in95,96 health care. Although international health bodies and governments have made IPC guidelines
available, knowledge translation is a challenge,95,97 evidence is
underused,98 and PPE adherence is still far below expectations. Factors that inﬂuence implementation outcomes are linked to guidelines
and how they are translated and interpreted, organization culture,
HF infrastructure, support and training, access to and trust in PPE efﬁcacy, desire to deliver good patient care, and system and individual
risk perception.10,13
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Our ﬁndings did not demonstrate a lack of implementation outcome evaluation−one of the foundations of implementation science
−as a barrier. . Bauer et al have stressed the need for implementation
strategies to be examined through multiple approaches already
described in the literature.98 Of note, not all the implementation
interventions described in our review were not scrutinized for their
effectiveness, since this was beyond our scoping objective. However,
our review indicates this should be the next step to be addressed in
this ﬁeld.
Implementation science can be beneﬁcial to ensure global
health care safety by making IPC a priority. However, evidencebased established protocols regarding PPE may be underappreciated by HWs. A recent qualitative study10 pointed out that HWs
question the rationale underlying IPC measures, including those
related to the PPE recommendation. Furthermore, the fact that
PPE is frequently uncomfortable is an additional complicating factor. HWs may consider IPC measures as unwanted intrusion
because they interfere with their ability to perform their work5.
This might represent a challenge for usability engineers and PPE
manufacturers that have to balance comfort and integrated PPE
designs while maintaining inherent functionality.99 Recent ﬁndings reinforce the need for a transdisciplinary approach to achieving effective PPE implementation.98
Allegranzi et al100 advocate quality improvement in health care
through the establishment of IPC programmes in which PPE policy is
included. The fact that only 58% of countries have a national IPC programme or plan and related guidelines100 is concerning and shows
that we are still far away from sufﬁciently safe care worldwide. In
LMICs the situation is particularly worrisome: there is a scarcity of
surveillance systems and indicators for HCAIs3,100 and we literally
cannot estimate the burden of HCAIs among HWs. Likewise, PPE
implementation barriers reported by studies from LMICs mainly indicate poor infrastructure in HFs32 and no access to PPE.18,83
PPE is strongly associated with increased risk of COVID-19 infection. Global PPE shortages during the pandemic has been widely
reported,101,102 with increases in demand for medical masks and a
breakdown in the global supply chain. The World Health Organization (WHO) shipped PPE to countries most in need102 and published
a document containing strategies or options for rational use of PPE103
by HF, which acknowledging that this would be insufﬁcient to close
the gap. . HFs adopted solutions such as respirator reuse without any
decontamination and reprocessing process or protocols,44,61,64,81,83
contrary to international recommendations.104 LMICs have been
most severely affected.
Kim & colleagues6 conducted a six-country survey among HW and
found that limited access to PPE compared with PPE protocol adherence procedures in each patient encounter was associated with a 2.2fold to 22-fold increased risk of reporting COVID-19 symptoms. Consequently, HW that worked in the ﬁrst HF to be struck by the COVID19 pandemic had higher odds for infection because they had less
time to prepare for a needed increase in PPE supply and other infection control measures.7 In countries where residents’ right to health
care access is not yet established, the quality of care provided can be
seen not as a priority and the awareness of the HWs rights to safe
work may be secondary.5
The burden of infectious diseases including COVID-19 is higher in
LMICs than in other countries and is still increasing.3,105 It is critical
that local technical issues in HF such as policy development and
enforcement for IPC be aligned to national policies and guidance
from international health bodies. WHO network participants have
identiﬁed priorities at country and global levels concerning IPC systems and programs. These could inspire nations to adapt their direction and focus to local needs.106 For their part, it is critical for HF to
commit to IPC programmes, team organization, resource allocation,
and improvements.107
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Innovative and participatory interventions are essential for
achieving in these tasks. HW engagement in decisions regarding procedures and education programmes106 versus proposing conventional recommendations based on top-down models107 might
enhance implementation penetration and sustainability as part of a
cohesive strategic implementation plan.94 A reasonable start to cover
the PPE implementation barriers described in our results would be
the implementation of an IPC policy consisting of WHO IPC core components,108 locally adapted. The balance between evidence-based
implementation strategies and context is critical to implementation
effectiveness and sustainability.5,97 The bulk of the analysis of health
in the LMICs countries allocate effort on the technical issues.105 However, politics, demography, and economy are the major structural factors that need to be taken into account for the universal health
coverage105 and IPC effectiveness.
CONCLUSION
This scoping review synthesized identiﬁed PPE implementation
barriers and implementation interventions to overcome them. The
support of governments, HFs, HWs and an international health network is needed to plan and implement evidence-based contextdriven IPC strategies, especially in LMICs.
We advocate for sustainable PPE implementation strategies that
address its multilevel transdisciplinary complexity, which will
enhance safety and health care quality and effectiveness. We hope
the lessons learned in this review can inform decision makers and
providers to collectively develop more robust and structured PPE
implementation worldwide.
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