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Is there sufficient evidence to inform personal 
protective equipment choices for healthcare 
workers caring for patients with viral hemorrhagic 
fevers?
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Abstract

Background: Ugandan health authorities declared an outbreak of Ebola disease (EBOD), 
caused by the Sudan virus, in September 2022. A rapid review was conducted to update the 
Public Health Agency of Canada’s guidelines for infection prevention and control measures for 
EBOD in healthcare settings to prepare for potential introduction of cases.

Objective: Summarize the available evidence on personal protective equipment (PPE) use 
by healthcare workers (HCWs) to prevent exposure to and transmission of viral hemorrhagic 
fevers (VHFs), including Ebola virus.

Methods: Electronic databases were searched to identify peer-reviewed evidence published 
from July 2014–October 2022. Peer-reviewed primary studies and literature reviews, in English 
or French, reporting on PPE for VHFs and filoviruses in the healthcare context were eligible 
for inclusion. Literature review processes were conducted by two reviewers using DistillerSR® 
systematic review software and the Public Health Agency of Canada’s Infection Prevention and 
Control Critical Appraisal Toolkit. An environmental scan of grey literature was also conducted 
to inform the rapid review.

Results: The database search yielded 417 citations and 29 studies were considered eligible for 
critical appraisal. In total, 20 studies were included in the narrative synthesis of evidence. The 
evidence base was limited regarding comparative effectiveness of types of PPE for preventing 
exposure to and transmission of VHFs to HCWs. Four studies reported on exposure to and 
transmission of a VHF. Sixteen studies provided data on other relevant topics, such as simulated 
contamination and lab-based tests of PPE integrity.

Conclusion: There is limited evidence with which to draw conclusions on the comparative 
effectiveness of PPE to prevent exposure to and transmission of VHFs to HCWs. Additional 
research is required to determine the optimal PPE to protect HCWs from exposure to and 
transmission of VHFs.

Affiliation

1 Centre for Communicable 
Disease and Infection Control, 
Public Health Agency of Canada, 
Ottawa, ON

*Correspondence:  

steven.ettles@phac-aspc.gc.ca

Suggested citation: Graham A, Ettles S, McGrath M, Ogunremi T, Selkirk J, Bruce N. Is there sufficient evidence 
to inform personal protective equipment choices for healthcare workers caring for patients with viral hemorrhagic 
fevers? Can Commun Dis Rep 2025;51(1):7–15. https://doi.org/10.14745/ccdr.v51i01a02
Keywords: personal protective equipment, PPE, healthcare worker, transmission, contamination, exposure, viral 
hemorrhagic fever, filovirus, Ebola

This work is licensed under a Creative 
Commons Attribution 4.0 International 
License.

mailto:steven.ettles@phac-aspc.gc.ca
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Page 8 

SYSTEMATIC REVIEW

CCDR • January 2025 • Vol. 51 No. 1

Introduction

Viral hemorrhagic fevers (VHFs) are a group of diseases caused 
by enveloped, single-stranded RNA viruses belonging to six taxa, 
namely Filoviruses (i.e., Ebola and Marburg virus), Arenaviruses, 
Flaviviruses, Hantaviruses, Nairoviruses and Phenuiviruses (1). 
Ebola disease (EBOD) was first described in 1976 in two 
simultaneous outbreaks in two different countries, South Sudan 
and the Democratic Republic of Congo, and comprises six 
species, four of which are pathogenic to humans (2,3). Prior to 
2014, a total of 2,387 cases had been recorded in localized rural 
African outbreaks, with an overall crude mortality of 67% (1,2). 
In 2014, an outbreak that occurred in West Africa, which lasted 
for two years, showed intense urban transmission and resulted 
in over 28,000 cases, with multiple countries including Italy, Mali, 
Nigeria, Senegal, Spain, the United Kingdom and the United 
States reporting imported cases (4,5).

Human-to-human transmission of Ebola virus (EBOV) occurs 
by direct contact (i.e., through non-intact skin or mucous 
membranes) with the blood or other body fluids (e.g., stool, 
emesis, urine, saliva, semen and sweat) of an infected individual 
and/or by indirect contact with environmental surfaces and 
fomites contaminated with infected blood or other body 
fluids (1,2,4). The risk of transmission increases with the amount 
of infectious material to which the individual is exposed (5). 
Investigations conducted to date have not identified human-to-
human transmission of EBOV in the absence of direct contact 
with an infected case (3,4).

The use of effective personal protective equipment (PPE) for 
healthcare workers (HCWs) providing care to patients with 
suspected or confirmed VHF is essential to prevent HCW 
infection and nosocomial transmission. Close contact with 
confirmed or suspected cases without adequate infection 
prevention and control (IPC) precautions in place can result 
in HCW infection and mortality. In Sierra Leone, Guinea and 
Liberia alone, 513 deaths out of a total of 881 infected HCWs 
have been reported as of 2015 (4). Currently, there is little 
consensus on the safest PPE ensembles to protect HCWs from 
exposure to EBOV, with frequent jurisdictional inconsistency in 
PPE recommendations. Despite the gap in global consensus, 
Canadian IPC recommendations are developed with a 
precautionary approach, designed to prioritize the health and 
safety of HCWs.

In September 2022, the Ugandan health authorities declared 
another outbreak of EBOD, caused by Sudan EBOV 
species, which led to 142 confirmed cases, 22 probable 
cases, 55 confirmed deaths and 87 recovered patients (2,6). 
No cases were reported in Canada. Given this evolving 
epidemiological situation, a rapid review of the literature was 
conducted to inform the update of the Public Health Agency 
of Canada’s (PHAC) guidelines for IPC measures for EBOD 
in healthcare settings. This review summarizes the available 

evidence on PPE use by HCWs to prevent exposure to and 
transmission of VHFs, including EBOV.

Methods

Literature search and eligibility criteria
Electronic search strategies were developed by the authors in 
consultation with a Health Canada Library librarian. Embase, 
MEDLINE, Global Health and Scopus databases were searched in 
October 2022. Studies published in either English or French from 
July 2014 to October 2022 were considered in this review.

Our research aimed to answer the following question: What 
literature exists related to PPE use by healthcare staff to prevent 
transmission of and exposure to viral haemorrhagic fevers? 
Search terms utilized covered a wide variety of healthcare 
settings, professions and PPE items. Search terms and 
population, exposure, intervention, control and outcomes (PICO) 
criteria for the literature search can be found in Table 1.

Study selection and data extraction
Duplicate studies were identified and removed. A screening 
tool was developed in Excel® for initial screening to verify 
that parameters for inclusion were met. Additional title and 
abstract screening to assess study design/format and relevance 
to use of PPE was conducted by two independent reviewers 
in DistillerSR®. Due to the breadth of results, the scope of 
studies eligible for inclusion was narrowed to include only those 
directly relevant to the use of PPE in relation to the outcomes of 
interest, based on the informed opinion of the reviewer. News 
articles, editorials, commentaries, opinion pieces, guidelines, 
policy statements, cost analyses and articles with legal/ethical 
foci were excluded. Additionally, research focusing on protocol 
development, as well as heat exhaustion and comfort during PPE 
use, were also excluded.

As the review was primarily meant to inform national IPC 
guidance, studies were restricted to those conducted in 
G20 countries with the addition of New Zealand at full-text 
review to ensure applicability to the Canadian context.

A full-text screening tool (DistillerSR) was developed to exclude 
studies based on the exclusions noted above, and to retrieve 
relevant details on study design, methodology and qualitative 
and quantitative results regarding relevant PPE. Full-text 
screening was conducted by two independent reviewers. 
Conflicts were resolved via consensus-building discussion 
between reviewers, with a third reviewer providing input if 
consensus could not be reached.

Included articles were critically appraised using PHAC’s Infection 
Prevention and Control Guidelines Critical Appraisal Toolkit (7). 
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This suite of tools is used to grade evidence in a systematic 
manner across several domains, including assessments of the 
study population and sampling methods, internal and external 
validity, ethics and control of confounding and bias. A summary 
result was assigned to the study based on strength of design, 
overall quality of the study and directness of evidence.

Evidence synthesis
A narrative synthesis of the evidence was created to identify 
common study foci, areas of consensus and variation and gaps in 
the evidence base.

Results

Overview of included studies
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses  (PRISMA) results can be found in Figure 1. Twenty 
studies were included in the analysis: eight laboratory studies, 
two randomized controlled trials, three non-randomized 
controlled trials, one cross-sectional study, four case reports and 
two literature reviews. A summary of the included evidence can 
be found as supplemental material in the Appendix.

Contamination by fluorescence
Three studies (8–10) assessed contamination using fluorescent 
surrogate viruses, simulating enveloped and non-enveloped 
viruses. In each study, participants donned a complete ensemble 
of PPE commonly used for high-consequence infectious 
diseases (HCID). In two studies conducted by Casanova et al., 
researchers primarily sought to measure detectable 
contamination of PPE and of individuals, indicated by fluorescent 
markings (8,9). In both studies, there was no detection of 
the enveloped surrogate virus after doffing PPE, but several 

instances of contamination by non-enveloped virus, particularly 
on participants’ inner gloves. Detection of contamination, on the 
inner gloves but not on the hands, suggested that hand hygiene 
steps in doffing processes were protective against  
self-contamination with enveloped and non-enveloped viruses.

Table 1: Population, exposure, intervention, control and outcomes search criteria for systematic review

PICO criteria Search criteria

Populations Personnel: Dietician, food services, emergency medical technician (EMT), licensed practical nurse (LPN), medical 
radiation technologist, medical laboratory technologist (MLT), midwife, nurse practitioner (NP), paramedic, physician, 
physician assistant, registered nurse (RN), registered nurse assistant (RNA), registered practical nurse (RPN), respiratory 
therapist (RT), environmental services, cleaning staff, phlebotomist, porters, transportation workers

Type of care: Acute care, hospital care, emergency care, critical care, intensive care, ambulatory care, out-patient care, 
community care, home care, respite care, palliative care, long-term care, complex continuing care, rehabilitation care, 
pre-hospital care, convalescent care, mental healthcare

Exposures Viral haemorrhagic fever, filoviruses, Ebola, Lassa, Marburg, Crimean-Congo virus, Ebola virus disease (EVD), Sudan 
virus disease (SVD)

Interventions Personal protective equipment (PPE), gowns, gloves, respirators, N95, powered air purifying respirators (PAPR), face 
protection, masks, visors, eye protection, goggles, glasses, aprons, Tyvek, coverall, boots, boot covers, shoe covers, 
hood

Comparison Not relevant at this time

Outcomes Exposure (event)

Transmission (event), spread

Contamination, self-contamination
Abbreviations: EMT, emergency medical technician; EVD, Ebola virus disease; LPN, licensed practical nurse; MLT, medical laboratory technologist; NP, nurse practitioner; PAPR, powered air purifying 
respirators; PICO, population, exposure, intervention, comparison and outcomes; PPE, personal protective equipment; RN, registered nurse; RNA, registered nurse assistant; RPN, registered practical 
nurse; RT, respiratory therapist; SVD, Sudan virus disease
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Records identified from:

Embase (n=272)
MEDLINE (n=248)
Global Health (n=134)
Scopus (n=129)

Records removed before 
screening:

Duplicate records    
removed (n=366)

First round title/abstract 
screening
(n=417)

Second round title/abstract 
screening
(n=224)

Full-text screening and 
quality appraisal
(n=138)

Studies included in review
(n=20)

Records excluded:

Not in a G20 + NZ nation or 
irrelevant to research 
question (n=109)

Rejected at quality appraisal 
(n=9)

Records excluded
(n=86)

Records excluded
(n=193)

Figure 1: PRISMA flow-chart of literature review process

Abbreviations: G20 + NZ, G20 countries plus New Zealand; PRISMA, Preferred Reporting Items 
for Systematic reviews and Meta-Analyses
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The study by Mumma et al. (10), conducted failure modes and 
effects analysis and fault tree analysis to identify and quantify the 
risk of errors in a doffing protocol. While participants completed 
simulated patient care activities and doffed Ebola-level PPE, 
risks of failure modes were identified and quantified. The 
extent to which errors contributed to self-contamination were 
delineated. Three groups of failure modes were found to have 
higher risk indices, characterized by their frequency and severity. 
These included hand hygiene-related errors, compromised 
PPE (especially at hands and wrists) and mishandling of 
PPE (especially the powered air purifying respirator [PAPR] 
hood and face shield). A subsequent study conducted by 
Mumma et al. (11) used similar methodology to identify 
potential errors in a PPE doffing process and their frequency. 
Corroborating the results of the previous study, hand hygiene 
and PAPR hood removal were associated with greater risk of 
error. Removal of the outermost garment and of boot covers also 
showed above-average risk of error in the PPE doffing process.

Comparing personal protective equipment 
ensembles

Chughtai et al. (12) tested ten established PPE protocols for 
EBOD. The rate of self-contamination among participants was 
lower for PPE protocols using gowns compared to protocols 
using coveralls. Powered air purifying respirators were observed 
to be more protective compared to N95 respirators, potentially 
due to lower risk of self-contamination with fewer items of PPE 
and the incorporation of assisted doffing.

A study by Suen et al. (13), which compared the efficacy of three 
PPE ensembles, reported some differences in contamination 
across the ensembles. Standard Ebola PPE (PPE1), which 
included neck-to-ankle coveralls, a water-resistant gown, double 
nitrile gloves and a hood, was compared to another Ebola PPE 
set (PPE2), which included front-zip coveralls, a plastic apron and 
double gloves. Both PPE1 and PPE2 used boots, a face shield 
and an N95 respirator, and were compared against a reference 
PPE ensemble used for routine practices and aerosol-generating 
procedures (PPE3). The study found less frequent contamination 
of participants’ clothing in small patches during removal of 
PPE1 (median of 5.00 small patches of contamination), compared 
to PPE2 and PPE3 (median 7.00 patches). Additionally, less 
contamination overall for Ebola-specific PPE ensembles (PPE1, 
PPE2) was found compared to the reference PPE (PPE3).

Hall et al. (14) compared a basic PPE ensemble (surgical mask, 
standard length apron, one pair short gloves, own footwear) 
against established PPE protocols in use across HCID units in the 
United Kingdom. Across protocols, 1,584 contamination events 
were recorded after the completion of a simulation exercise, and 
twelve contamination events post-doffing. Identified breaches 
were related to protocol failure or complications in the doffing 
processes. In a follow-up study, Poller et al. (15) replicated the 
testing using a new PPE ensemble for HCIDs developed by 

an expert working group. While frequency of post-simulation 
contamination events was comparable to those observed by 
Hall et al., no residual contamination was observed post-doffing 
with the new PPE ensemble. Notable features of the ensemble 
included use of a FFP3 respirator, anti-infection transfer hood, 
full face visor, rear-fastening reinforced and fluid-resistant surgical 
gown, wide and extra-long medium thickness plastic apron, three 
layers of gloves and surgical wellington boots.

A randomized controlled trial (16) utilized a single Ebola PPE 
ensemble but compared two different training packages to 
assess fluorescent contamination in each group after undergoing 
simulated contamination. Both groups received basic IPC 
and PPE training. The intervention arm received considerably 
more teamwork-focused training, including strategies, defined 
roles and responsibilities and a demonstration of the doffing 
process. Upon examination, self-contamination was observed 
to be significantly lower in the intervention group compared to 
controls.

Assessing personal protective equipment 
integrity

Gao et al. (17) tested thirteen brands of nitrile (n=8) and 
latex (n=5) gloves, examining tensile strength and ultimate 
elongation without (control) and with one to six applications of 
alcohol-based hand rub (ABHR). Overall, ethanol based ABHR 
had little to no effect on elongation of most gloves but resulted 
in decreased tensile strength for some nitrile gloves after up to 
six applications. Despite this, all but two relatively thin nitrile 
gloves continued to meet National Fire Protection Association 
standards for tension strength and elongation.

Nikiforuk et al. (18) measured environmental persistence of EBOV 
and viral RNA on various PPE materials. Ebola virus remained 
viable on all materials from 24–72 hours post-inoculation, except 
for on gloves (less than an hour) and goggles (less than 24 hours). 
Ebola virus penetration through PPE materials was measured 
using dry and phosphate-buffered saline-saturated samples of a 
hood, coveralls and respirator. Saturated samples were found to 
provide less protection compared to dry material. Similar results 
were observed when dry and saturated samples of a surgical 
mask and two respirators were tested. Overall, saturated PPE 
materials provided less protection compared to dry samples, 
with penetration of EBOV in seven of 21 saturated samples 
compared to one of 21 dry samples of the same materials.

Jaques et al. (19) conducted Elbow Lean Tests, using various 
levels of pressure, on isolation gowns and coveralls to measure 
resistance of the continuous and discontinuous regions of 
garments to penetration of simulated bodily fluids. Overall, 
higher pressure led to higher failure rates across all types of 
garments for both continuous and discontinuous regions. In 
discontinuous regions, coveralls that had high failure rates in 
seam regions and zippers were not protective, but heat-sealed 
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seams performed better. Only one garment model, a gown, 
demonstrated nearly 100% barrier protection for the whole 
garment, with one failure out of 42 tests.

Case reports
Four case reports were included, describing IPC measures 
taken for the care of patients under investigation, or confirmed 
to have EBOD or other VHFs (20–23). Reporting of specific 
PPE items and/or ensembles used in patient care was limited 
and few details were provided on the effectiveness of PPE in 
preventing exposure and transmission. Despite their limitations, 
these studies could not be reasonably excluded based on the 
established inclusion criteria and were therefore included in the 
analysis.

Literature reviews
Two literature reviews were included in the analysis. 
Hersi et al. (24) assessed the benefits and harms of Ebola-specific 
PPE compared to potentially less robust PPE in the context of 
HCWs caring for patients with filoviruses. Despite comprehensive 
methodology, insufficient evidence was available to draw 
conclusions on the effectiveness and potential harms of robust 
PPE compared to the alternative.

Licina et al. (25) evaluated the effect of PAPRs for respiratory 
protection against highly virulent infectious diseases, including 
EBOD, compared to other devices such as N95/FFP2 respirators, 
on HCW infection rates and contamination. Equivalent rates of 
infection were demonstrated in cohorts using PAPRs compared 
to other appropriate respiratory protection. The review did 
identify some low-quality evidence pointing to the advantages 
of PAPRs, compared to alternative respiratory protection, for 
wearer protection from cross-contamination and in doffing 
simulation studies.

Quality appraisals
Twenty-nine studies underwent quality appraisal using PHAC’s 
Critical Appraisal Toolkit (7). Nine studies were rejected for 
further inclusion at this stage due to a lack of relevance to 
our research question. Of the 20 included studies, 2 studies 
were appraised as being of high quality (17,18), 14 as being of 
medium quality and 4 as being low quality. For all studies, the 
directness of evidence was determined to be extrapolation, as 
results were related to a different research question, or were 
investigated under artificial conditions. Full quality appraisal 
results can be found in Table 2.

Table 2: Quality appraisal results of included studies

Study (reference) Study design Strength of designa Directness of evidence Overall quality of study

Andonian et al., 2019 (16) RCT Strong Extrapolation Medium 

Bell et al., 2022 (26) RCT Strong Extrapolation Low

Barratt et al., 2015 (20) Case report Weak Extrapolation Medium

Casanova et al., 2018 (8) Laboratory study Strong Extrapolation Medium

Casanova et al., 2016 (9) NRCT Strong Extrapolation Low

Chughtai et al., 2018 (12) Laboratory study Strong Extrapolation Medium

Cummings et al., 2016 (21) Case report Weak Extrapolation Low

Drew et al., 2016 (27) NRCT Strong Extrapolation Medium

Gao et al., 2016 (17) Laboratory study Strong Extrapolation High 

Hall et al., 2018 (14) NRCT Strong Extrapolation Low

Haverkort et al., 2016 (22) Case report Weak Extrapolation Medium

Hersi et al., 2015 (24) Literature review Not applicableb Extrapolation Medium

Jaques et al., 2016 (19) Laboratory study Strong Extrapolation Medium

Lehmann et al., 2017 (23) Case report Weak Extrapolation Medium

Licina et al., 2020 (25) Literature review Not applicableb Extrapolation Medium

Mumma et al., 2019 (11) Cross-sectional study Weak Extrapolation Medium

Mumma et al., 2018 (10) Laboratory study Strong Extrapolation Medium

Nikiforuk et al., 2017 (18) Laboratory study Strong Extrapolation High

Poller et al., 2018 (15) Laboratory study Strong Extrapolation Medium

Suen et al., 2018 (13) Laboratory study Strong Extrapolation Medium
Abbreviations: NRCT, non-randomized controlled trial; RCT, randomized controlled trial
a Strength of study design is determined based on rankings assigned in the Public Health Agency of Canada’s Critical Appraisal Toolkit
b Literature reviews without meta-analyses are not assessed on study design. Quality of review methods used is captured under “overall quality of study”
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Discussion

The review identified 20 relevant studies addressing PPE use 
in the context of VHFs, such as EBOD, in high-income country 
contexts. A quality appraisal of evidence was completed with 
most studies (19) ranking low-to-medium quality; unfortunately, 
the lower quality of many studies limited our ability to 
extrapolate to real world scenarios. We concluded that there was 
insufficient evidence to draw conclusions on the comparative 
effectiveness of PPE to prevent exposure to and transmission 
of VHFs, including EBOV, to HCWs. Given this gap in evidence 
on PPE effectiveness, the determination of PPE ensembles for 
EBOD should consider a precautionary approach.

Nine studies with varying methodologies involved detecting 
contamination by fluorescent markers. Two studies showed that 
use of HCID PPE resulted in no self-contamination, suggesting 
the ensembles were effective. Further, studies comparing EBOD/
HCID-specific PPE ensembles against basic or routine practice 
PPE consistently showed that more robust PPE ensembles are 
significantly more protective against contamination (13–15). 
However, comparing efficacy of enhanced PPE combinations 
proves difficult due to heterogeneity of the ensembles 
compared between studies, methods used to simulate and 
record contamination, differences in reporting of contamination 
and variations in training and experience among participants. 
Due to the varied scope and methodology of the independent 
studies that met the inclusion criteria, a meta-analysis that 
would quantitatively summarize overall findings of the results 
was not possible. As such, it is difficult to draw conclusions on 
the protective effects of individual items or combinations of 
PPE. Most ensembles varied significantly with respect to body 
protection, gloving, head coverage and footwear. Other aspects 
of protocols (when reported) also varied, including hand hygiene 
and doffing assistance.

Three medium-to high-quality (17–19) laboratory studies using 
differing methodologies assessed the integrity of PPE items, 
examining degradation of PPE materials and penetration 
of EBOV, surrogate virus or simulated bodily fluids through 
samples. Personal protective equipment tested included 
gloves (17,18), gowns and coveralls (18,19) and surgical masks 
and respirators (18). These studies found that the PPE studied 
was generally resistant to ABHR degradation and that moisture-
saturated PPE materials tended to provide less protection than 
dry materials, indicating the importance of avoiding body fluid 
contamination and excessive sweating while donned. Further 
work should be done to elucidate the comparative performance 
of other models of PPE to determine which provide the greatest 
protection in the event of moisture saturation and activity-
induced pressure.

Despite a well-designed and comprehensive review 
methodology, Hersi et al. (24) were not able to reach a 
conclusion on the effectiveness of various forms of PPE for 

HCWs providing care to patients with VHFs, owing to similar 
issues with the body of evidence, such as low study quality and 
heterogeneity among PPE components and reporting. This result 
aligns with our findings. 

When examining the role of PAPRs (25), investigators were 
unable to find differences in protection compared to other forms 
of respiratory protection. This result is inconsistent with the work 
by Chughtai et al. (12), which showed that PAPRs were observed 
to be more protective compared to N95 respirators. Though 
there were a number of limitations in the work by Chughtai et al., 
further work is needed to determine the true safety of PAPR use, 
and its role in self-contamination, when caring for patients with 
VHFs.

Another issue that was noted was PPE reporting across studies 
was often inconsistent, with a number of studies citing PPE 
ensembles only as “high consequence” or “Ebola-specific” PPE, 
making it difficult to determine individual components and their 
comparability to PPE used in other studies. Additionally, steps 
for donning and doffing often were not reported, posing another 
barrier to compare results.

Strengths and limitations
One strength of this review was that it utilized a standardized 
screening and data extraction form within a reference 
management software, which helped to reduce bias and ensure 
data integrity via consistent collection and reporting. Results 
were also critically appraised to assess domains of bias, with 
some studies being excluded when methodology was deemed 
to be too poor. Another strength of this review was that search 
criteria excluded countries outside of the G20 and New Zealand, 
to ensure compatibility of findings with Canadian healthcare 
settings when drafting IPC practice recommendations. Further, 
the addition of multiple focus criteria during the screening 
process facilitated selection of studies that were more 
comparable and more relevant to the research question, thereby 
enhancing our analysis.

One weakness of this study is the limited number of studies 
included and the overall heterogeneity among the methodology 
and outcomes. Most studies were also limited by small sample 
sizes (fewer than 20 participants). Given these issues and the 
inability to conduct further statistical analysis, it was difficult to 
draw firm conclusions from the available data, impacting our 
ability to reach evidence-based conclusions.

Conclusion and future directions
To our knowledge, this is the first literature review conducted in 
Canada to address the research question: What literature exists 
related to PPE use by healthcare staff to prevent transmission 
of and exposure to viral haemorrhagic fevers in high-income 
contexts? This summary provides important insight into the state 
of knowledge of this topic as well as identifying areas needing 
further exploration.
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Overall, there was limited evidence to draw conclusions on the 
comparative effectiveness of PPE to prevent exposure to and 
transmission of VHFs to HCWs. The current body of evidence 
would benefit from a more robust comparison of different 
PPE components and models, using standardized methods for 
data collection and reporting to ensure comparability amongst 
studies. There is a notable gap in strong study designs (such 
as randomized controlled trials and studies that involve large 
numbers of participants), which would produce more robust 
results and allow for statistical analysis and modelling. If feasible, 
conducting more studies during outbreaks of VHFs, or during 
actual care of EBOD patients, would provide greater insight into 
outcomes encountered in the real world compared to simulation 
studies.

Authors’ statement
AG — Conceptualization, data curation, formal analysis, 
methodology, writing–original draft, writing–review & editing
SE — Conceptualization, data curation, formal analysis, 
methodology, writing–original draft, writing–review & editing
MM — Conceptualization, data curation, formal analysis, 
methodology, writing–original draft, writing–review & editing
TO — Conceptualization, writing–review & editing
JS — Conceptualization, data curation, formal analysis, 
methodology, writing–original draft, writing–review & editing
NB — Conceptualization, writing–review & editing

Competing interests
None of the authors have any conflicts of interest to declare.

ORCID numbers

None.

Acknowledgements

The authors would like to thank the librarians at the Health 
Canada and Public Health Agency of Canada Health Library for 
their contribution to the initial search results for this review.

Funding

The work for this review was supported by the Public Health 
Agency of Canada in pursuit of their mandate.

References

1.	 Clément C, Adhikari NK, Lamontagne F. Evidence-Based 
Clinical Management of Ebola Virus Disease and Epidemic 
Viral Hemorrhagic Fevers. Infect Dis Clin North Am 
2019;33(1):247–64. DOI PubMed

2.	 World Health Organization. Ebola Virus Disease. Geneva, 
CH: WHO; 2023. [Accessed 2023 Feb 20]. https://www.who.
int/news-room/fact-sheets/detail/ebola-virus-disease#

3.	 Sivanandy P, Jun PH, Man LW, Wei NS, Mun NF, Yii CA, 
Ying CC. A systematic review of Ebola virus disease 
outbreaks and an analysis of the efficacy and safety of newer 
drugs approved for the treatment of Ebola virus disease by 
the US Food and Drug Administration from 2016 to 2020. J 
Infect Public Health 2022;15(3):285–92. DOI PubMed

4.	 World Health Organization. WHO: Ebola situation report 2 
September 2015. Geneva, CH: WHO; 2015. [Accessed 2023 
Feb 23]. https://apps.who.int/iris/handle/10665/183955

5.	 UK Health Security Agency. Ebola: overview, history, origins 
and transmission. London, UK: UK HAS; 2023. [Accessed 
2023 Feb 21]. https://www.gov.uk/government/publications/
ebola-origins-reservoirs-transmission-and-guidelines/ebola-
overview-history-origins-and-transmission

6.	 World Health Organization. Ebola—Uganda, 2022. Geneva, 
CH: WHO; 2023. [Accessed 2023 Oct 19]. https://www.who.
int/emergencies/situations/ebola-uganda-2022

7.	 Public Health Agency of Canada. Infection prevention and 
control guidelines: critical appraisal tool kit. Ottawa, ON: 
PHAC; 2016. [Accessed 2023 Mar 15]. https://publications.
gc.ca/site/eng/470818/publication.html

8.	 Casanova LM, Erukunuakpor K, Kraft CS, Mumma JM, 
Durso FT, Ferguson AN, Gipson CL, Walsh VL, Zimring C, 
DuBose J, Jacob JT; Centers for Disease Control and 
Prevention Epicenters Program, Division of Healthcare 
Quality Promotion. Assessing Viral Transfer During 
Doffing of Ebola-Level Personal Protective Equipment in a 
Biocontainment Unit. Clin Infect Dis 2018;66(6):945–9.  
DOI PubMed

9.	 Casanova LM, Teal LJ, Sickbert-Bennett EE, Anderson DJ, 
Sexton DJ, Rutala WA, Weber DJ; CDC Prevention 
Epicenters Program. Assessment of self-contamination 
during removal of personal protective equipment for 
Ebola patient care. Infect Control Hosp Epidemiol 
2016;37(10):1156–61. DOI PubMed

https://doi.org/10.1016/j.idc.2018.10.013
https://pubmed.ncbi.nlm.nih.gov/30712765
https://www.who.int/news-room/fact-sheets/detail/ebola-virus-disease#
https://www.who.int/news-room/fact-sheets/detail/ebola-virus-disease#
https://doi.org/10.1016/j.jiph.2022.01.005
https://pubmed.ncbi.nlm.nih.gov/35085865
https://apps.who.int/iris/handle/10665/183955
https://www.gov.uk/government/publications/ebola-origins-reservoirs-transmission-and-guidelines/ebola-overview-history-origins-and-transmission
https://www.gov.uk/government/publications/ebola-origins-reservoirs-transmission-and-guidelines/ebola-overview-history-origins-and-transmission
https://www.gov.uk/government/publications/ebola-origins-reservoirs-transmission-and-guidelines/ebola-overview-history-origins-and-transmission
https://www.who.int/emergencies/situations/ebola-uganda-2022
https://www.who.int/emergencies/situations/ebola-uganda-2022
https://publications.gc.ca/site/eng/470818/publication.html
https://publications.gc.ca/site/eng/470818/publication.html
https://doi.org/10.1093/cid/cix956
https://pubmed.ncbi.nlm.nih.gov/29471475
https://doi.org/10.1017/ice.2016.169
https://pubmed.ncbi.nlm.nih.gov/27477451


Page 14 

SYSTEMATIC REVIEW

CCDR • January 2025 • Vol. 51 No. 1

10.	 Mumma JM, Durso FT, Ferguson AN, Gipson CL, 
Casanova L, Erukunuakpor K, Kraft CS, Walsh VL, Zimring C, 
DuBose J, Jacob JT; Centers for Disease Control and 
Prevention Epicenters Program, Division of Healthcare 
Quality Promotion. Human Factors Risk Analyses of a 
Doffing Protocol for Ebola-Level Personal Protective 
Equipment: Mapping Errors to Contamination. Clin Infect 
Dis 2018;66(6):950–8. DOI PubMed

11.	 Mumma JM, Durso FT, Casanova LM, Erukunuakpor K, 
Kraft CS, Ray SM, Shane AL, Walsh VL, Shah PY, Zimring C, 
DuBose J, Jacob JT. Common Behaviors and Faults When 
Doffing Personal Protective Equipment for Patients With 
Serious Communicable Diseases. Clin Infect Dis 2019;69 
Suppl 3:S214–20. DOI PubMed

12.	 Chughtai AA, Chen X, Macintyre CR. Risk of self-contamination 
during doffing of personal protective equipment. Am J 
Infect Control 2018;46(12):1329–34. DOI PubMed

13.	 Suen LK, Guo YP, Tong DW, Leung PH, Lung D, Ng MS, 
Lai TK, Lo KY, Au-Yeung CH, Yu W. Self-contamination during 
doffing of personal protective equipment by healthcare 
workers to prevent Ebola transmission. Antimicrob Resist 
Infect Control 2018;7:157. DOI PubMed

14.	 Hall S, Poller B, Bailey C, Gregory S, Clark R, Roberts P, 
Tunbridge A, Poran V, Evans C, Crook B. Use of ultraviolet-
fluorescence-based simulation in evaluation of personal 
protective equipment worn for first assessment and care of a 
patient with suspected high-consequence infectious disease. 
J Hosp Infect 2018;99(2):218–28. DOI PubMed

15.	 Poller B, Tunbridge A, Hall S, Beadsworth M, Jacobs M, 
Peters E, Schmid ML, Sykes A, Poran V, Gent N, Evans C, 
Crook B; High Consequence Infectious Diseases Project 
Working Group. A unified personal protective equipment 
ensemble for clinical response to possible high consequence 
infectious diseases: A consensus document on behalf of the 
HCID programme. J Infect 2018;77(6):496–502.  
DOI PubMed

16.	 Andonian J, Kazi S, Therkorn J, Benishek L, Billman C, 
Schiffhauer M, Nowakowski E, Osei P, Gurses AP, Hsu YJ, 
Drewry D, Forsyth ER, Vignesh A, Oresanwo I, Garibaldi 
BT, Rainwater-Lovett K, Trexler P, Maragakis LL. Effect of 
an Intervention Package and Teamwork Training to Prevent 
Healthcare Personnel Self-contamination During Personal 
Protective Equipment Doffing. Clin Infect Dis 2019;69 Suppl 
3:S248–55. DOI PubMed

17.	 Gao P, Horvatin M, Niezgoda G, Weible R, Shaffer R. Effect 
of multiple alcohol-based hand rub applications on the 
tensile properties of thirteen brands of medical exam nitrile 
and latex gloves. J Occup Environ Hyg 2016;13(12):905–14. 
DOI PubMed

18.	 Nikiforuk AM, Cutts TA, Theriault SS, Cook BW. Challenge 
of Liquid Stressed Protective Materials and Environmental 
Persistence of Ebola Virus. Sci Rep 2017;7(1):4388.  
DOI PubMed

19.	 Jaques PA, Gao P, Kilinc-Balci S, Portnoff L, Weible R, 
Horvatin M, Strauch A, Shaffer R. Evaluation of gowns and 
coveralls used by medical personnel working with Ebola 
patients against simulated bodily fluids using an Elbow Lean 
Test. J Occup Environ Hyg 2016;13(11):881–93. DOI PubMed

20.	 Barratt R. Infection prevention and control lessons learned 
from the management of the first suspected Ebola virus 
disease case admitted to a New Zealand hospital. Healthc 
Infect 2015;20:78–80. DOI 

21.	 Cummings KJ, Choi MJ, Esswein EJ, de Perio MA, 
Harney JM, Chung WM, Lakey DL, Liddell AM, Rollin PE. 
Addressing Infection Prevention and Control in the First U.S. 
Community Hospital to Care for Patients With Ebola Virus 
Disease: Context for National Recommendations and Future 
Strategies. Ann Intern Med 2016;165(1):41–9. DOI PubMed

22.	 Haverkort JJ, Minderhoud AL, Wind JD, Leenen LP, 
Hoepelman AI, Ellerbroek PM. Hospital Preparations for 
Viral Hemorrhagic Fever Patients and Experience Gained 
from Admission of an Ebola Patient. Emerg Infect Dis 
2016;22(2):184–91. DOI PubMed

23.	 Lehmann C, Kochanek M, Abdulla D, Becker S, Böll B, 
Bunte A, Cadar D, Dormann A, Eickmann M, Emmerich P, 
Feldt T, Frank C, Fries J, Gabriel M, Goetsch U, 
Gottschalk R, Günther S, Hallek M, Häussinger D, Herzog C, 
Jensen B, Kolibay F, Krakau M, Langebartels G, Rieger T, 
Schaade L, Schmidt-Chanasit J, Schömig E, Schüttfort G, 
Shimabukuro-Vornhagen A, von Bergwelt-Baildon M, 
Wieland U, Wiesmüller G, Wolf T, Fätkenheuer G. Control 
measures following a case of imported Lassa fever from 
Togo, North Rhine Westphalia, Germany, 2016. Euro Surveill 
2017;22(39):17–00088. DOI PubMed

24.	 Hersi M, Stevens A, Quach P, Hamel C, Thavorn K, 
Garritty C, Skidmore B, Vallenas C, Norris SL, Egger M, 
Eremin S, Ferri M, Shindo N, Moher D. Effectiveness of 
personal protective equipment for healthcare workers caring 
for patients with filovirus disease: A rapid review. PLoS One 
2015;10(10):e0140290. DOI PubMed

https://doi.org/10.1093/cid/cix957
https://pubmed.ncbi.nlm.nih.gov/29471368
https://doi.org/10.1093/cid/ciz614
https://pubmed.ncbi.nlm.nih.gov/31517977
https://doi.org/10.1016/j.ajic.2018.06.003
https://pubmed.ncbi.nlm.nih.gov/30029796
https://doi.org/10.1186/s13756-018-0433-y\
https://pubmed.ncbi.nlm.nih.gov/30607244
https://doi.org/10.1016/j.jhin.2018.01.002
https://pubmed.ncbi.nlm.nih.gov/29325871
https://doi.org/10.1016/j.jinf.2018.08.016
https://pubmed.ncbi.nlm.nih.gov/30176274
https://doi.org/10.1093/cid/ciz618
https://pubmed.ncbi.nlm.nih.gov/31517976
https://doi.org/10.1080/15459624.2016.1191640
https://pubmed.ncbi.nlm.nih.gov/27224677
https://doi.org/10.1038/s41598-017-04137-2
https://pubmed.ncbi.nlm.nih.gov/28663587
https://doi.org/10.1080/15459624.2016.1186279
https://pubmed.ncbi.nlm.nih.gov/27171285
https://doi.org/10.1071/HI15006
https://doi.org/10.7326/M15-2944
https://pubmed.ncbi.nlm.nih.gov/27159355
https://doi.org/10.3201/eid2202.151393
https://pubmed.ncbi.nlm.nih.gov/26812146
https://doi.org/10.2807/1560-7917.ES.2017.22.39.17-00088
https://pubmed.ncbi.nlm.nih.gov/29019307
https://doi.org/10.1371/journal.pone.0140290
https://pubmed.ncbi.nlm.nih.gov/26451847


SYSTEMATIC REVIEW

Page 15 CCDR • January 2025 • Vol. 51 No. 1

25.	 Licina A, Silvers A, Stuart RL. Use of powered air-purifying 
respirator (PAPR) by healthcare workers for preventing highly 
infectious viral diseases-a systematic review of evidence. Syst 
Rev 2020;9(1):173. DOI PubMed

26.	 Bell T, Smoot J, Patterson J, Smalligan R, Jordan R. 
Ebola virus disease: the use of fluorescents as markers of 
contamination for personal protective equipment. IDCases 
2015;2(1):27–30. DOI PubMed

27.	 Drew JL, Turner J, Mugele J, Hasty G, Duncan T, Zaiser 
R, Cooper D. Beating the spread developing a simulation 
analog for contagious body fluids. Simul Healthc 
2016;11(2):100–5. DOI PubMed

Appendix

Supplemental material is available upon request to the author: steven.ettles@phac-aspc.gc.ca

https://doi.org/10.1186/s13643-020-01431-5
https://pubmed.ncbi.nlm.nih.gov/32771035
https://doi.org/10.1016/j.idcr.2014.12.003
https://pubmed.ncbi.nlm.nih.gov/26793445
https://doi.org/10.1097/SIH.0000000000000157
https://pubmed.ncbi.nlm.nih.gov/27043095
mailto:steven.ettles@phac-aspc.gc.ca

