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a b s t r a c t

Objectives: Respiratory protection is critical in healthcare to minimise the risk of airborne infections for
healthcare workers (HCWs). It emphasizes the use of proper fitting of particulate filter respirators and
equivalent respiratory protective equipment (RPE) to ensure a good facial seal. The systematic review
aimed to compare the effectiveness of fit testing and fit checking for HCWs’ respiratory protective
equipment.
Methods: A systematic review of the literature exploring RPE for HCWs to determine the effectiveness of
fit-testing versus fit-checking from January 2003 to April 2022 was identified using CINAHL Complete via
EBSCO Host, Cochrane Library, EMBASE, PubMed, and MEDLINE via Ovid electronic databases, and grey
literature. The study protocol was registered with PROSPERO (registration number: CRD42020213968).
Results: Of the 561 articles identified in the search, 25 articles (22 quantitative studies and three
guidelines) were included in this review. Overall, these studies suggest fit-testing as a method that is
more effective, widely adopted, and reliable in assessing the effectiveness of RPE; however, a respiratory
program should include both fit-testing and fit-checking to maximise effectiveness of the RPE. The
COVID-19 epidemic highlighted a lack of knowledge among HCWs regarding fit-checking and fit-testing,
and relevant education increased the effectiveness of respiratory equipment protection.
Conclusion: It is imperative that both fit-testing and fit-checking is implemented in order to ensure HCW
safety. It is recommended to integrate education, fit-testing and fit-checking into a comprehensive
respiratory protective program run by trained fit-testers. There is also a need for practical testing
methods that incorporate the clinical environment.
© 2023 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
What is known?

� Healthcare workers (HCWs) are vulnerable to transmission of
airborne pathogens; respiratory protective equipment is
essential to provide HCW respiratory protection by use of a
respirator, the most common being N95/P2 filtering facepiece
respirators (FFRs) and powered air-purifying respirators.

� N95/P2 or FFRs are intended to attain a close facial fit and
effective filtration of airborne particles. All HCWs required to
(C. Goko).
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wear a N95/P2 respirator need to be educated on the signifi-
cance of fit-checking and to know how to fit-check.

� Annual fit-testing is recommended to comply with US
s501025010 OSHA requirements and Australian and New Zea-
land Standard (AS/NZS) 1715:2009.
What is new?

� Fit-testing is the more effective, most widely adopted and reli-
able method of assessing the effectiveness of respiratory pro-
tective equipment (RPE); however, fit-testing and fit-checking
maximises the effectiveness of the RPE. There is also a need for
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testing methods that incorporate the environment in which the
equipment will be used.

� Additionally, participation and education of HCWs in the
selectionand effectiveness tests of the protective equipment will
increase the efficacy of protection and testing methods. Hospi-
tals and policymakers are recommended to integrate education,
fit-testing and fit-checking into a comprehensive respiratory
protective program run by trained fit-testers.
1. Introduction

Healthcare associated infection (HAI) is a major concern within
any hospital or healthcare setting. Healthcare workers (HCWs) are
at risk of exposure to HAI [1]. The protection of HCWs from airborne
diseases and infections is a priority within the healthcare system as
it reduces the risk of HAI. The importance of monitoring and
limiting airborne transmissible diseases has greatly increased more
recently with emerging respiratory infectious diseases, including
COVID-19 caused by Severe Acute Respiratory Syndrome Corona-
virus 2 (SARS-CoV-2) [1,2]. The COVID-19 pandemic has revealed
deficiencies in global and Australian healthcare systems in the
protection of HCWs from transmission of SARS-CoV-2 and other
respiratory viruses [3]. For example, the supply of appropriate
personal protective equipment (PPE) as well as testing and check-
ing of PPE was delayed or insufficient [3]. A primary step in infec-
tion prevention and control is ensuring the effectiveness of
respiratory protective equipment. This will help in preventing or
limiting transmission of airborne pathogens. N95/P2 particulate
respirators filter at least 95% of airborne particles, with the pro-
tection provided dependent on the filter’s efficiency and seal
quality [4]. This is done through testingmethods of varying efficacy.
Two key methods utilised within the healthcare industry will be
explored within this review: fit-testing and fit-checking/user seal
testing. Fit-testing determines the brand, model, and size of the
respirator that achieves an adequate seal on an individual’s face.
There are two methods of fit-testing, which are quantitative and
qualitative fit-testing.

The COVID-19 pandemic highlighted significant deficiencies in
global healthcare systems in the protection of HCWs from trans-
mission of COVID-19 and other respiratory pathogens [3]. Trans-
mission of SARS-CoV-2 in healthcare settings has been a major
issue throughout the COVID-19 pandemic worldwide, especially
during the first waves in 2020 [5]. In Australia, for example, during
the first wave in the state of Victoria, 22% of HCWs who tested
positive for SARS-CoV-2, the virus that causes COVID-19, reportedly
acquired the virus through workplace transmission [6]. However,
this increased to at least 69% during the second wave, highlighting
the urgent need for better protection for front-line HCWs [3]. The
prevalence of infection among HCWs worldwide varied from 0.3%
to 43.3% [5]. The COVID-19 pandemic is also responsible for sig-
nificant loss of life among HCWs, with the WHO estimating 80,000
to 180,000 HCW deaths globally, and these figures may be under-
reported [5]. Among hospitalized patients with confirmed COVID-
19, up to 41% were infected in healthcare settings, according to
different studies [5]. As new strains of COVID-19 emerge and are
identified, HCWs will continue to be faced with the need for
continued respiratory protection. Due to the risk of infection and
mortality for HCWs and patients, determining the effectiveness of
fit testing versus checking is urgently needed.

Qualitative fit-testing is influenced by the wearer; it uses a test
agent such as saccharin or Bitrex (a bitter tasting substance). This
agent enables the user to sense the presence of the test agent
within the respirator by taste, smell, or the urge to cough if the fit of
the respiratory protective equipment (RPE) is not adequate [6].
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Quantitative fit-testing requires the use of specialized particle
counting equipment (such as PortaCount™ Plus machine) to pro-
vide numerical measurements called fit factor. The PortaCount™
Plus machines work bymeasuring the concentration of microscopic
dust particles in the ambient air and then measuring the concen-
tration of those dust particles that leak into the respirator. The ratio
of these two concentrations is called the fit factor [6,7]. A fit factor
value of 100 or greater is the criterion for achieving a pass for a
disposable N95/P2 respirator [8]. The more reliable method of
measuring effectiveness would be one that is quantitative, as it
removes the wearer’s individual influence [9]. See Table 1 for a
summary of the procedures involved in these methods.

Regardless of themethod used to determine fit-testing, user seal
checking is required to be performed by the individuals each time a
respirator is used. Fit-checking or user seal checking is a process
conducted to ensure that the RPE creates a facial seal to minimise
the number of particles that bypass the filter through gaps between
the wearer’s skin and the respirator seal and is performed each
time it is used [2].

This systematic review aimed to answer the research question:
Effectiveness of fit-testing versus fit-checking for HCW respiratory
protective equipment. The protocol for this review is registered in
PROSPERO under the registration number CRD42020213968,
available at https://www.crd.york.ac.uk/prospero/.

2. Methods

A systematic review to identify research exploring RPE for
HCWs was undertaken to determine the reported effectiveness of
fit-testing versus fit-checking. This review was guided by an inte-
grated approach in accordance with the JBI methodology for mixed
methods systematic reviews using JBI SUMARI [10]. This involved
assembling the qualitised data from quantitative studies with the
qualitative data. Assembled data was categorised and pooled
together based on similarity in meaning to produce a set of inte-
grated findings. Reporting of this systematic review complied with
Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) guidelines [11]. The records of screened articles
were recorded in a PRISMA flowchart in Fig. 1. The Mixed Methods
Appraisal Tool (MMAT) was used to assess the relevance and results
of the included studies. The MMAT was used to screen articles
based on several screening questions that helped identify the
quality and clarity of the articles based on the analysis that was
conducted [12].

2.1. Data collection

A comprehensive and systematic search of 5 databases,
including CINAHL Complete via EBSCO Host, Cochrane Library,
EMBASE, PubMed, and MEDLINE via Ovid, was conducted. A search
of grey literature, including international guidelines and standards
relevant to respiratory protection, was also undertaken. A health
research librarian was consulted to develop the search strategy in
the initial stages. The reference lists of identified studies and grey
literature were screened, and citation tracking was also performed
to identify further literature. The search was limited to studies
available in English from 2003 to April 2022 in order to capture
previous literature related to respiratory pandemics, such as severe
acute respiratory syndrome (SARS), Middle East respiratory syn-
drome (MERS), and the COVID-19 pandemic.

The search strategy included various combinations of Medical
Subject Headings (MeSH) terms and keywords identified in the first
search. These included but were not limited to Fit test*, Mask*,
Respirator*, User seal check* and health profession/doctor/nurse/
clinician, allied health, or hospital. These articles were then

https://www.crd.york.ac.uk/prospero/


Table 1
Fit testing and fit checking procedures.

Fit testing Fit checking

Fit-testing involves qualitative and quantitative fit-testing.
Qualitative fit-testing is influenced by the wearer; it uses a test agent such as

saccharin or Bitrex (a bitter-tasting substance), which is used at a sensitivity level
that demonstrates the user will be able to appropriately sense the presence of the
test agent within the respirator by taste, smell, or the urge to cough if the fit of the
RPE is not adequate [8].

Quantitative fit-testing requires the use of specialized particle counting equipment
(such as PortaCount™ Plus machine) to provide numerical measurements called
fit factor. Thesemachines measure the concentration of microscopic dust particles
in the ambient air and those dust particles that leak into the respirator. The ratio of
these two concentrations is called the fit factor and a value of 100 or greater is the
criterion for achieving a pass for a disposable N95/P2 respirator [6e8].

Fit-checking or user seal checking is a process conducted to ensure that the RPE
creates a facial seal tominimise the number of particles that bypass the filter through
gaps between the wearer’s skin and the respirator seal and is performed each time it
is used [2]. The user dons the respirator and checks the user seal as per the
manufacturer’s instructions, ensuring there are no folds, creases or hair around the
edges. The nose piece is moulded (not pinched) to the user’s nose bridge and
cheekbones. The fit check is then performed as per the respirator manufacturer’s
instruction.
Fit checking or user seal check ensures a good respirator fit by checking facial seal
over the bridge of the nose and securely covering the mouth and chin with no gaps
between the respirator.

Note: RPE ¼ Respiratory protective equipment.

Fig. 1. Flow diagram of the systematic review process.
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exported to Endnote version 20.2.1.15749 and further screened
using the inclusion and exclusion criteria. Inclusion criteria sought
studies from any geographical location published in English be-
tween January 2003 and April 2022. A range of study types
(quantitative, qualitative, and mixed methods, and grey literature)
that examined health care worker fit-checking and fit-testing of
N95/P2 respiratory protective equipment were included. Studies
focusing on non-healthcare worker occupational groups (mining,
building, and construction) and conference abstracts, reviews, ed-
itorials, commentaries, or policy statements were excluded.
2.2. Study selection

Two reviewers (CG and PZ) independently screened the title and
abstracts of studies against inclusion and exclusion criteria; dis-
crepancies were resolved by a third reviewer (MM). Studies for
inclusion were critically appraised using the MMAT, and suitable
570
studies were collated in a data extraction table. Data to be extracted
included type of study, participants, location of study, aims and
objectives, study design and methods, and findings.
2.3. Data analysis

A data extraction table was developed for extracting data for the
review. All data items extracted were cross-checked by PZ to ensure
relevant articles are included. Due to the heterogeneity of the
included studies, the findings are presented as a narrative synthesis
[13].
3. Results

The database search of articles from January 2003 to April 2022
returned 512 articles; 49 additional records were identified
through other sources. Of the database search, 76 articles remained
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as full text review following a review of the titles and abstracts and
the exclusion of duplicates. After screening the 76 articles against
the study’s inclusion and exclusion criteria, 54 articles were
excluded. Of the 49 other records, three met the criteria and were
included in the review. As indicated in the PRISMA diagram
(Figs. 1), 22 articles from the database search and three documents
(guidelines) from other searches met the inclusion criteria and
were included in the final systematic review.

Of the 22 quantitative studies [1,3,4,8,14e31] identified in
Table 2, five were from Korea, six from China, five from Australia,
and six from the United States. Seven of the studies reviewed on the
effectiveness of facial seals were quantitative studies. Chan et al. [8]
was the only observational study conducted within a hospital
setting; all other studies were conducted in a simulation environ-
ment. The MMAT was used to appraise the methodological quality
of the included quantitative studies in this systematic review. The
22 quantitative studies met the criteria; however, some of the
chosen methodologies impacted the quality of the study. Three
geographical documents (guidelines) [2,6,32] are listed in Table 3.

In this review, three main themes emerged; ‘Methods to deter-
mine facial seal’which focused on the effectiveness of fit testing and
fit checking; ‘effectiveness of healthcare worker training’ focused on
how effective education/training is to achieving a good facial seal,
and ‘contextual nature of determining a seal’ which explored the
validity of facial seal assessment based on the context that evalu-
ation occurred.

3.1. Methods to determine facial seal

A predominant focus within the included literature was facial
seal effectiveness, particularly the methods used to determine how
effective facial seals are both in normal fit-testing/checking ses-
sions and in simulated work activities. The two assessments
mentioned within the included studies were fit-testing and fit-
checking, and the procedures for these tests are outlined earlier
in the paper in Table 1.

Six studies in this review looked at the effectiveness of fit-
testing [2,8,14e17]. Fit-testing is identified as an important
element of respiratory protection programs to ensure the wearer is
issued a respirator that is the correct size, provides a good facial seal
and gives an adequate level of protection [8,18]. Fit-testing also
provides an educational opportunity for the user to improve
respirator seal [8].

Excluding fit-testing and relying strictly on a user fit-check is
disputed by Danyluk et al. [14] due to this method incorrectly
indicating a proper fit on several occasions or incorrectly indicating
a properly fitting respirator as defined by a fit-test. In a study by
Derrick et al. [19] the user felt that the respirator fitted when the
observed fit factor was very low. Fit-checking is inadequate for
detecting gross leakage in donning N95/P2 respirators; therefore,
fit-checking is not an appropriate surrogate for respirator fit-testing
[14,19,20]. Fit-testing is recommended to be used to determine the
fit of N95/P2 respirators, and a user seal check must be done in a
well-defined respiratory program including fit-checking [14,20].
Lam et al. [20] recommended that quantitative fit-testing be used to
determine the fit of N95 respirators.

3.2. Effectiveness of healthcare worker training

The effectiveness of fit-testing and fit-checking is dependent
upon the reliability and quality of the measures used. The COVID-19
pandemic highlighted a lack of knowledge among HCWs regarding
fit-checking and fit-testing, and this led to HCWs undergoing ed-
ucation regarding respiratory protection, fit-testing, and proper fit-
checking principles, which increased the effectiveness of
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respiratory equipment protection [3]. Training healthcare providers
in respiratory protection could significantly improve the fit factor
and adequate protection rate [1]. Furthermore, proper protection
performance of the respirator during fit-testing was improved after
training [1]. Or, Chung & Wong [21] study supports the role of
ongoing education in fit-checking. Chan et al. [8] recommend
hospitals and policymakers integrate education, fit-testing, and fit-
checking into a comprehensive respiratory protective program.

3.3. Contextual nature of determining a seal

The contextual nature of fit-testing/checking poses some chal-
lenges to the effectiveness of fit-tests. Fit-testing is generally not
being tested in hospitals and other actual practice conditions where
there is also a high risk of airborne disease transmission [1,15,16,17,
20,24,22,23). This lack of contextual testing means that although
N95/P2 respirators passed the fit-test, in high-risk situations, such
as during cardiopulmonary resuscitation where wearers are per-
forming chest compressions, there is no guaranteed protection
against respiratory infections [27]. To tackle this issue, a new fit-
test, personal respirator sampling test (PRST), has been proposed,
which can be undertaken whilst the wearer performs clinical ac-
tivities, and the detection of face seal leakage can be monitored
[21]. If implemented, the PRST can help wearers evaluate the actual
performance of their respirators during HCW activities in the
clinical setting [21]. The use of PRST is supported by Hauge et al.
[25] and Viscusi et al. [26], who suggest that an initial fit-test during
a simulated task could be a better way of ensuring the effectiveness
of fit-tests.

4. Discussion

This study identified the effectiveness of fit-testing compared to
fit-checking for HCW RPE. The findings in studies from Australia,
China, Korea, and USA produced three themes: 1) methods to
determine facial seal, 2) effectiveness of healthcareworker training,
and 3) contextual nature of determining a seal. The COVID-19
pandemic highlighted the need for the education of HCWs
regarding fit-testing and proper fit-checking protocols, which
subsequently allowed for the increased effectiveness of respiratory
equipment protection [3].

Seven studies from various Australian tests reviewed the effec-
tiveness of fit-testing and collected quantitative data that showed
the importance and effectiveness of fit-testing when either paired
with fit-checking or as a stand-alone method. Additionally, edu-
cation on fit-testing plays a crucial role in increasing the effec-
tiveness of HCW protection, especially in China [3,8]. However,
overall, these studies lack an assessment of the retention rates of
education over time [8]. Further repeat studies with fit-testing
education integrated with a respiratory protection program
would be highly beneficial to hospitals and policy makers [8].

Another point from Korea discussed the importance of the type
of RPE chosen that ensures adequate protection [27]. During the
education component of the study by Myong et al. [27], there is a
strong emphasis on educating HCWs on the type of RPE and the
type of protection each affords after conducting a fit-test. This re-
occurring theme suggests the importance of the type of RPE that
is explored by various professionals and academics, such as in the
study of Korea Lee et al. [22], that the type of respirator can influ-
ence the protective performance of healthcare providers. Further-
more, simulation studies from Korea by Kim et al. [1] revealed that
training HCWs in a respiratory protection program may signifi-
cantly improve the fit factor and adequate protection rate of the
three types of respirators. To further establish this, the introduction
of fit training, whereby HCWs are initially given training on fit-



Table 2
Summary of studies included in the review.

Authors, year, and
country

Study design/
method

Participants Type of respirator and fit
testing measure

Findings Limitations MMAT

Kim. et al. (2019) [1]
Korea

Quantitative
randomized
crossover
study
Fit checking
process not
defined

22 participants 3M � 1860, 1860S, 1870,
and 9332; Portacount
Plus

�Training onwearing an N95 or
higher respirator improved the
protection performance of
respirators among healthcare
providers working in the
emergency medical center.
�Fit factors, overall fit factor,
and adequate protection rate
were higher after training than
before training for the 3 types
of respirators: cup-type, fold-
type, and valve-type, all
P < 0.05.

This study did not
investigate the sustained
effect of training.

All criteria for
quantitative
randomised
criteria met.

Regli et al. (2021) [3]
Australia

Quantitative
non-
randomised
Convenience
sample
Fit checking
process
defined

53 anesthetists, 31
anesthetic technicians

Proshield N95 respirator
medium and small;
Sensitivity testing,
Portacount Plus

�Wearing non-fit-tested N95/
P2 respirators can create a false
sense of security.
�Quantitative fit-testing had a
higher fit-pass rate compared
to qualitative, 74% vs 59%, P ¼
0.006.

The method or order of
fit-testing was not
controlled.

Criteria 3.1, 3.4, 3.5
for quantitative
non-randomised
studies not met.

Williams et al. (2021)
[4] Australia

Prospective
randomised
crossover
study
Fit checking
process
defined

96 anesthetic staff,
26% South-East Asian
ethnicity

Two duckbill models N95
respirators (Halyard
Fluidshield and BSN
ProShield); Portacount
plus

�User seal check had low
accuracy and low concordance
when compared to the
quantitative fit-test, and hence
was not a reliable method to
test seal quality.
�Fit test pass rate was 77% for
the Fluidshield and 65% for the
ProShield particulate respirator
masks, P ¼ 0.916.
�Overall fit factor score, Fluid
Shield 144 (102e196 [3e200])
vs ProShield 119 (29e200 [1
e200]), P ¼ 0.09.

Only two types of
respirators were used.

Criteria 2.4 for
quantitative
randomised
studies not met.

Chan et al. (2021) [8]
Australia

Quantitative
observational
study
Fit checking
process
defined

58 HCWs 3 M � 8210, 8110S, 1860,
1860S N95- Proshield
and Halyard;
PortaCountTM Model
8048 machine

�Hospitals and policymakers
will benefit from integrating
education and fit-testing into a
comprehensive Respiratory
Protective Program.
�Fit check predicted respirator
seal poorly (PPV 34.1%, 95% CI
25.0e40.5). Overall, 69% (40/
58) of respirators failed
quantitative fit testing after
initial respirator application
and is a clinically relevant
finding (first-up failure rate for
P2/N95 respirators).

Lack of applicable
respirator fit failure rate
from the scientific
literature prevented any
sample size calculation to
look for a comparative
effect.

All criteria for
quantitative non-
randomised
studies met.

Danyluk et al. (2011)
[14] USA

Quantitative
non-
randomised
study
Fit checking
process
defined

784 HCWs 3M � 1860, 1860S, and
1870; Portacount plus

�User seal check must be done
in a well-defined respiratory
program which includes fit-
testing.
�99.4% inexperienced subjects
(n ¼ 643) who indicated an
adequate face seal prior to fit-
testing, 158 (25%) failed the
subsequent quantitative fit-
test and 92 (14%) failed the
qualitative fit-test.
�All 137 experienced users
indicated that they had an
adequate seal after user seal
check; however, 41 (30%) failed
the subsequent quantitative
fit-test, and 30 (22%) failed the
qualitative fit-test.

83% of participants were
naïve users of respirators.

All criteria for
quantitative non-
randomised
studies met.

Huh et al. (2018) [15]
Korea

Quantitative
Non-
randomised
Fit checking
process
defined

211 military hospital
HCWs

3M � 1860/1860S and
1870þ, Maskin MS 6115
(KeC) 46727; PortaCount
Proþ 8038

�The fit-test pass rate of 4
different models of N95 FFRs
commonly used in Korea were
relatively low at 17.5%e53.8%.
�The negative predictive values
for QNFT pass were 19.4%

Subjects were recruited
from a single military
hospital.

Criteria 3.1 for
quantitative non-
randomised
studies not met.
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Table 2 (continued )

Authors, year, and
country

Study design/
method

Participants Type of respirator and fit
testing measure

Findings Limitations MMAT

e46.0%. The overall accuracy
was <50%, except for 3 M 1860.

Sietsema & Brosseau
(2018) [16] USA

Quantitative
Non-
randomised
study
Fit checking
process
defined

7 male, 8 female 3M � 1860 or 1860s;
Portacount Plus Model
8020 and an electrostatic
classifier

�A quantitative fit-test using a
small set of exercises is highly
predictive of an individual’s fit
during simulated work activ-
ities. Fit factors ranged from 72
to 1,368; SWPFs ranged from
58 to 1,001. The geometric
mean (GM) FF was 239; geo-
metric standard deviation
(GSD) ¼ 2.2; The GM SWFF was
227 (GSD ¼ 2.1).

Only one manufacturer’s
models were employed.

Criteria 3.1 for
quantitative non-
randomised
studies not met.

Winter et al. (2010) [17]
Australia

Quantitative
Non-
randomised
study
Fit checking
process not
defined

50 healthy hospital
staff volunteers

KeC Fluid Shield N95,
3M � 9320 and 8822
with exhalation valve 3M
Qualitative Taste fit test
kits F10 and F30

�The proportion of participants
who passed a fit-test was low
for all three respirators tested,
Rates improved after training.
The proportion of participants
who achieved a fit with the first
mask increased significantly
from 9/50 (18%) before training
to 20/50 (40%) after training
(P ¼ 0.02).

Participants attitude
towards the respirators
may have influenced their
taste threshold and thus
the result of the test.

All criteria for
quantitative non-
randomised
studies met.

Duling et al. (2007) [18]
USA

Quantitative
Non-
randomised
Fit checking
process not
defined

37 female, 20 male N95- elastomeric and
filtering-facepiece, and
SM Portacount plus
model 8020

�Fit-testing is extremely
important in the context of a
complete respiratory
protection program. No
substantial difference was seen
between the three fit tests. All
of the SWPF values after
passing a fit test were less than
10.

The exercise regime used
may not be representative
of all actual workplace
movements.

All criteria for
quantitative non-
randomised
studies met.

Derrick et al. (2005)
[19] China

Quantitative
non-
randomised
study
Fit checking
process
defined

N95 masks (1860s) e
2 female, 2 male; N95
masks (9210) e 81
female, 12 male; N100
mask (8233)e79
female, 12 male

N95-1860s and 9210,
N100- 8233; PortaCount
Plus

�The respirators were tested on
Chinese nurses and the data
indicate that the user seal
check should not be used as a
surrogate fit test. The user seal
check was correct on 71%e75%
of occasions. Fit factors for
masks that had been
incorrectly passed were 19e87
for the 1860s (N95) mask, 7.8
e92 for the 9210 (N95) mask,
and 12e91 for the 8233 (N100)
mask. The smaller proportion
of staff fitting the 9210 (N95)
mask, compared with the other
two masks, approached
significance (P ¼ 0.052).

Only three different
respirators were tested.

All criteria for
quantitative non-
randomised
criteria studies
met.

Lam et al. (2016) [20]
China

Quantitative
descriptive,
prospective,
and cross-
sectional
research
design.
Fit checking
process
defined

638 nursing students 3M-1860s, 1862, and K
eC 46827; PortaCount
Proþ, Respirator Fit
Tester 8038

�Study hypothesizes that the
user seal check may contribute
to the detection of gross
leakage in normal and deep
breathing.
�As indicated by QNFT,
prevalence of actual gross
leakage was 31.0%e39.2% with
the 3 M respirators and 65.4%
e65.8% with the Kimberly-
Clark respirator.
�Sensitivity and specificity of
the user seal check for
identifying actual gross leakage
were approximately 27.7% and
75.5% for 3M-1860s, 22.1% and
80.5% for 3M� 1862, and 26.9%
and 80.2% for Kimberly-Clark
46827, respectively.
�Likelihood ratios were close to
1 (ranging 0.89e1.51) for all
types of respirators.

Only two types of
respirators were used.

Criteria 3.1 and 3.4
for quantitative
non-randomised
studies not met.

Or et al. (2016) [21]
China

Quantitative
Randomised

N95 Respirator.
Portacount Plus

�The Personal Respiratory
Sampling Test (PRST) can help

The experiment used
would not totally reflect

Criteria 2.4 for
quantitative

(continued on next page)
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Table 2 (continued )

Authors, year, and
country

Study design/
method

Participants Type of respirator and fit
testing measure

Findings Limitations MMAT

study
Fit checking
process
defined

84 nursing students,
ranging 18e21 years
old

wearers evaluate the actual
performance of respirators in
clinical settings.
�Results show strong positive
correlation between
spectrometer 1 and
spectrometer 2 (r ¼ 0.714,
P < 0.001).

the real working
situation.

randomised
studies not met.

Lee et al. (2017) [22]
Korea

Quantitative
randomized
crossover
study
Fit checking
process
defined

25 healthcare
providers

3M � 1860, 1860S, 1870,
and 9332.

�Properties of the different
types of respirators may
influence the fitness and
protective performance of
respirators.

Only one model of
respirator was used.

Criteria 2.4 for
quantitative
randomised
studies not met.

Lam et al. (2011) [23]
China

Quantitative
descriptive,
prospective,
and cross-
sectional
research
design
Fit checking
process
defined

204 nursing students,
18e23 years, male
21.6%

Respirators- 3 M 1860S,
and 3 M 1862. Portacount
Pro

�User seal check was not found
to be reliable, it is
recommended that QNFT is
used to determine the fit of
N95 respirators.
�Over 80% of the participants
passed QNFT with one or other
respirator. There was no
association between the
passing QNFT for the 3M 1860S
respirator and that of 3 M 1862
respirator.

Participants were all
student nurses.

Criteria 3.1 and 3.4
for quantitative
non-randomised
studies not met.

Hwang et al. (2020)
[24] Korea

Quantitative
non-
randomised
simulation
study
Fit checking
process
defined

14 medical doctors, 23
nurses, and 7
emergency medical
technicians; 29 female

N95 respirator
PortaCount Proþ 8038

�N95 respirator did not provide
adequate protection against
respiratory infections during
chest compressions.
�Overall, 73% (n ¼ 32) of the
participants failed at least one
of the three sessions of chest
compression; the number of
participants who failed was
significantly higher in the PPG
than in the APG (94% vs 61%,
P ¼ 0.02).
�Approximately 18% (n ¼ 8) of
the participants experienced
mask fit failures, such as strap
slipping.

Participants were
instructed not to talk as
much as possible.

Criteria 3.4 for
quantitative non-
randomised
studies not met.

Hauge et al. (2012) [25]
USA

Quantitative
Non-
randomised
Fit checking
process not
defined

8 registered nurses; 6
female, 2 male

3M � 1860 or 1860S, N95
filtering facepiece
respirator. Two
Portacount Plus (Model
8020) with N95-
Companion (Model 8095)
instruments

�Initial fit-test may be predic-
tive of fit during simulated
tasks and that scenario may be
adequate for measuring a
simulated workplace protec-
tion factor.
�The GM overall SWPF for
scenario order (all subjects
combined) ranged from 434 to
478 and one-way ANOVA
indicated that this measure
was significantly different for
scenarios examined by order
(P < 0.001).

Sample size was small. All criteria for
quantitative non-
randomised
criteria met.

Viscusi et al. (2012) [26]
USA

Quantitative
Non-
randomised
study
Fit checking
process
defined

11; 5 female, 6 male 3 Me1860, 1870, and K
eC PFR95-270.
Portacount Plus

�User seal check should be
performed during respirator
donning process for workers
who have previously passed a
fit-test for those respirator
models.
�For the 3 M 1860, the
percentage of donnings with
FFs �100 avg. ¼ 72% when not
performing a USC, and
avg. ¼ 82% when performing a
USC. For the 3 M 1870, the
percentage of donnings with
FFs �100 avg. ¼ 97% when not
performing a USC, and
avg. ¼ 95% when performing a
USC. For the KC PFR95-270, the

The study sample was
small.

All criteria for
quantitative non-
randomised
studies met.
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Table 2 (continued )

Authors, year, and
country

Study design/
method

Participants Type of respirator and fit
testing measure

Findings Limitations MMAT

rate avg. ¼ 66% when not per-
forming a USC, and avg. ¼ 86%)
when performing a USC.

Myong et al. (2016) [27]
Korea

Quantitative
non-
randomised
study
Fit checking
process
defined

50 senior medical
students

Vflex 9102, Vflex 9102S,
3 M 1870, and SM 82001
Portacount Pro Plus 8038

�Choosing the proper type of
RPE is the most important
factor to ensure adequate
protection. The education
program was effective, as
shown by the significant pass
rate (increased 30e74%) in the
QLFT after the education
program (P < 0.001).

Only one qualitative fit-
testing method was used
instead of two due to
previous reports of side
effects with the bitter test
kit.

Criteria 3.4 for
quantitative non-
randomised
studies not met.

Milosevic et al. (2022)
[28] Australia

Quantitative
non-
randomised
study
Fit checking
process not
defined

6,451 HCWs aged 18
e84 1

3 M 1860, 3 M 1860S, 3 M
1970þ, 3 M 8110S, 3 M
8210, PortaCount
Pro þ Respirator Fit
Tester 8038

�Current N95 FFRs exhibit
suboptimal fit such that a large
proportion (45%) of HCWs
require testing on multiple
models. Of 4,198 female and
2,089 male HCWs tested, 93.3%
were successfully fitted. 55%
percent passed the first FFR,
21% required 2, and 23%
required testing on 3 or more
models. Males were 15% less
likely to pass compared to
females (P < 0.001).

Does not aid the
prediction of which
respirator models are
better suited to specific
individuals.

Does not aid the
prediction of
which respirator
models are better
suited to specific
individua þ G87ls.

Suen et al. (2020) [29]
China

Quantitative
Non-
randomised
experimental
study
Fit checking
process not
defined

104 nursing students;
83 female, 21 male

3 M � 1860, 1860S and
1870 PortaCount Plus

�None of the FFRs could
provide consistent protection
for the wearer, as detected by
face seal leakage after
performing nursing
procedures.
�The OWTC and OMMC values
of all FFRs were <50 and 0e0.2,
respectively, indicating Grade 1
(poor). The bacterial filtration
efficiency of the nanofiber FFR
was slightly higher than that of
the 3 M models (99.9% vs
99.0%).

Participants did not have
experience using N95
respirators in clinical
settings.

All criteria for
quantitative non-
randomised
studies met.

Suen et al. (2017) [30]
China

Quantitative
Non-
randomised
study
Fit checking
process not
defined

120 nursing students;
98 female, 22 male

3M � 1860, 1860S, and
1870þ Portacount Plus

�A poorly fitted N95 respirator
performs no better than a
loosely fitting surgical mask.
Body movements during
nursing procedures may
increase the risk of face seal
leakage.
�The best fit N95 respirator
models in sequence were
model 1870þ (n ¼ 72), 1860S
(n ¼ 43), and 1860 (n ¼ 5). The
average fit factor of the best
fitting respirator worn by the
participants decreased
significantly after completion
of nursing procedures (184.85
vs 134.71), and the fit factors of
one-third of the participants
fell below 100 (n ¼ 40, 33.3%).

Participants lacked
experience using N95
respirators in clinical
settings.

All criteria for
quantitative non-
randomised
studies met.

McMahon et al. (2021)
[31] USA

Quantitative
randomised
study
Fit checking
process not
defined

Physicians, 105 fit-
tests performed over
the course of 49 shifts

EFMs with disposable
filters (N95, P95, or
P100). Qualitative fit
testing using
standardized hood and
3 M FT-32 bitter testing
solution.

�EFMs have a low rate of failure
when assessed by standardized
fit-testing. Physicians are able
to independently choose
appropriately fitting EFMs for
clinical use.
�Physicians felt their fit was
adequate for all tests
performed. There were no fit
test failures in any subjects.

Donning and doffing
procedures were not
observed and may impact
fit or function.

Criteria 3.2, 3.3,
3.4, 3.5 for
quantitative
randomised
studies not met

Note: APG ¼ all passed group. EFMs ¼ elastomeric face masks. FFR ¼ filtering facepiece respirator. HCWs ¼ healthcare workers. KeC ¼ Kimberly Clark. OMMC ¼ overall
moisture management capacity. OWTC ¼ one-way transport capacity. PPG ¼ partially passed group. PPV ¼ positive pressure ventilation. QLFT ¼ qualitative fit test. QNFT ¼
quantitative fit test. RPE ¼ respiratory protective equipment. RPP ¼ respiratory protection program. SM ¼ surgical mask. SWFF ¼ simulated workplace for factor. SWPF ¼
simulated workplace protection factor. USC ¼ user seal check.
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Table 3
Grey literature.

Origin of
Document

Aim Method Included in the guideline

Victoria State
Government,
(2020) [6]

To outline why a RPP should be implemented within health
services, what is required to implement a RPP and the roles and
responsibilities of employees and employers

Quantitative
fit testing

The effectiveness of close-fitting respiratory protection relies on
achieving a seal against the wearer’s face. The purpose of fit-testing
is to verify which selected respirator makes, models, and sizes of
close-fitting RPE adequately fit the wearer.

South Australia
[SA] Health,
(2020) [32]

This document provides information and guidance to workers and
employers regarding respiratory protection against airborne
infectious diseases.

Quantitative
fit testing

For a P2/N95 respirator to provide maximum protection, it is
essential that the wearer be properly fitted and trained in its safe
use. A risk management approach should be applied to ensure that
workers working in high-risk areas are fit-tested and know how to
perform a fit-check.

Clinical Excellence
Commission
[CEC], (2022) [2]

This guidance document focuses on respiratory protection in
relation to the use of respirators and what is required to ensure
these are managed, worn and used safely.

Qualitative
and
quantitative
tests

Fit-testing is a validatedmethod that determines the brand and size
of respirator that achieves an adequate seal on an individual’s face.
Although there are a number of published studies that show that
fit-testing will detect air leakage in respirators that have passed a
fit-check, the evidence base for showing fit-testing reduces risk of
infection in HCWs is currently very limited and equivocal.

Note: HCWs ¼ healthcare workers. RPP ¼ respiratory protection program.
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checking and fit-testing at the time of employment, then refreshed
annually as per the Australian Standard (AS/NZS 1715:2009) or
during a global pandemic. This would be beneficial to the safety of
HCWs by ensuring that a chosen respirator will provide a good
facial seal, as indicated by studies from Korea and Australia [1,3,28].

The contextual nature whereby fit-testing occurs also poses
some challenges to the effectiveness of fit-tests. In China, fit-testing
is not being tested in high activity roles where there is also a high
risk of airborne disease transmission [29]. This lack of contextual
testing, as shown from Korea in the table above, means that
although certain types of respirators, such as the N95/P2, passed
the fit-test, in high-risk situations, such as during chest compres-
sions, this did not guarantee protection against respiratory in-
fections [24]. To address this problem, a new fit-test (PRST) has
been proposed that can be undertaken whilst the wearer performs
clinical activities and where the detection of face seal leakage can
be monitored. Multiple studies from Australia demonstrated that
the use of an initial fit-test during a simulated task could be a better
way in ensuring their effectiveness of fit-tests [20,30]. This idea of
multi-phase tests, especially in the USA, is supported by Viscusi
et al. [26], who suggest there are benefits to performing a user seal
check on some models for HCWs who have previously passed a fit-
test for those same respirator models.

Upon further analysis of fit-testing and fit-checking policies,
Chughtai et al. [33] do raise a concerning issue that despite
Australian guidelines outlining fit-checking policies, at the ground
level, these guidelines are not necessarily translating into practice.
Chughtai et al. [33] conducted a study using twenty healthcare
workers in which most participants were not aware of the hospital
respiratory protection policies. Furthermore, participants reported
that they had not received any training nor had they participated in
a fit-test prior to the study [24]. It was found that this was sec-
ondary to the limited role that HCWs play in the selection of res-
pirators. Consequently, supporting the idea that for the
effectiveness of any of the methods of testing to increase, the
context in which the tests are conducted is highly important. By
using practicing HCWs to test and select the respiratory protective
equipment, it allows for educational opportunities that benefit the
hospital and the HCW simultaneously [24]. Hospitals must not only
implement but also educate their HCWs on these policies and
conduct fit-tests that allowHCWs to be involved in decisionmaking
regarding what protective equipment should be supplied [6,31,32].

It can be argued that in USA and Korea if hospitals are to conduct
fit-tests to help determine the type of respiratory equipment to use,
then a better model would be to implement facial seal checks in
576
various hospital settings to complement fit-testing and ensure
good facial seal is achieved each time a respirator is worn
[14,27,34]. This then allows for the effectiveness of the tests to be
quantified in a context in which the participants would ultimately
be using the equipment. This would not only ensure that HCWs
could be assured regarding the quality or facial seal effectiveness of
respiratory protection used but also be confident in the
effectiveness.

4.1. Limitations

The search was limited to only studies available in English; this
may have led to selection bias due to the inclusion of only a subset
of papers creating an incomplete data set. The Cochrane Handbook
acknowledges the risk of bias in otherwise high-quality reviews
when non-English studies are not included [34]. Furthermore,
some studies had small sample sizes, which may limit the power
and generalisability of the study findings. Some studies also used a
single model of respirator to contact fit-testing due to shortages of
respirators during the COVID-19 pandemic. Whilst the discussion
tried to compare fit testing and fit checking it’s difficult to separate
the two processes as they are all important processes to ensure
safety and protection from infections, that in itself became a limi-
tation to this study.

4.2. Recommendations and implications for practice

A respiratory protection program is vital and should include
staff education and training in fit-testing and fit-checking to ensure
a good seal is achieved in order to reduce HCWs’ risk of exposure.
For the ongoing safety of HCWs, fit-testing, fit-checking, and edu-
cation can be completed during staff induction and annually as per
the Australian standard (AS/NZS 1715:2009) or/and during global
pandemics. Future repeat studies incorporating education as a part
of fit-testing integrated with a Respiratory Protection Program
(RPP) are needed to assess retention rates of education over time.
The two processes cannot be separated as they are components of
the respiratory protection program.

5. Conclusion

Fit-testing is identified as an important element of RPE to ensure
the wearer uses a correct size respirator that provides a good facial
seal and gives an adequate level of protection. Moreso, fit checking
is recommended at the point of use; therefore, used together, fit
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testing and fit checking maximise the effectiveness of the RPE.
Multiple studies in Australia, USA, Korea, and China using various
quantitative and qualitative methods highlighted that fit-testing
and fit-checking education and training for HCWs improves the
effectiveness of respirators. Achieving good facial seal improves the
fit factor. There is also a need for testing methods that incorporate
the environment in which the equipment will be used. The two are
not the same yet they are part of the respiratory program to achieve
an effective facial seal. Comparatively, fit checking is done each
time a respirator is worn whilst fit testing is done at least once per
annum. Additionally, participation and education of HCWs in the
selection and effectiveness tests of the protective equipment will
increase the effectiveness of protection and testing methods. Hos-
pitals and policymakers are recommended to integrate education,
fit-testing, and fit-checking into a comprehensive respiratory pro-
tective program run by trained fit-testers.
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