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Abstract

Objectives: Infection control policies and guidelines recommend using facemasks and respirators to 
protect healthcare workers (HCWs) from respiratory infections. Common types of respirators used 
in healthcare settings are filtering facepiece respirators (FFRs) and powered air-purifying respirators 
(PAPRs). Aims of this study were to examine the current attitudes and practices of HCWs regarding 
the selection and use of respiratory protection and determine the acceptability of a novel PAPR.
Methods: In-depth interviews were undertaken with 20 HCWs from a large tertiary hospital in 
Sydney, Australia. Participants were fit tested with a lightweight tight-fitting half-facepiece PAPR 
(CleanSpace2™ Power Unit, PAF-0034, by CleanSpace Technology®) using the TSI™ Portacount 
quantitative fit test method.
Results: Interview results showed that HCWs had a limited role in the selection and use of facemasks 
and respirators and had been using the devices provided by the hospital. The majority of subjects had 
no knowledge of hospital policy for the use of facemasks and respirators, had not been trained on 
the use of respirators, and had not been fit tested previously. Compliance with the use of facemasks 
and respirators was perceived as being low and facemasks and respirators were typically used only 
for short periods of time.
All 20 participants were successfully fit tested to the CleanSpace2™ PAPR (overall geometric mean fit 
factor—6768). According to the exit surveys, CleanSpace2™ PAPRs were easy to don (14/20) and doff 
(15/20) and comfortable to wear (14/20). Most participants believed that PAPRs provide higher pro-
tection, comfort and reusability over N95 FFR and can be used during pandemics and other high-risk 
situations.
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Conclusions: HCWs should be aware of infection control policies and training should be provided on 
the correct use of respiratory protective devices. PAPRs can be used in hospital settings to protect 
HCWs from certain highly infectious and emerging pathogens, however, HCWs require adequate 
training on storage, use, and cleaning of PAPRs.

Keywords:  facemask; healthcare workers; infections; infection control; personal protective equipment; powered air-
purifying respirator; respirator

Background

The risk of infection transmission is high in hospital 
settings and frontline healthcare workers (HCWs) 
should be protected. Medical or surgical masks (here-
after ‘facemasks’) and respirators are widely used in 
hospitals to protect HCWs from respiratory infections 
(World Health Organization (WHO), 2014; MacIntyre 
and Chughtai, 2015). Facemasks are not designed for re-
spiratory protection—they are used in hospital settings 
to protect the wearer from splashes and sprays of blood 
of body fluids. Respirators are fit to the face and are de-
signed to protect wears from hazardous airborne con-
taminants (MacIntyre et al., 2011, 2013; World Health 
Organization (WHO), 2014). Common types of respir-
ators used in healthcare settings are filtering facepiece 
respirators (FFRs) and powered air-purifying respirators 
(PAPRs) with loose-fitting hoods (Center for Disease 
Control and Prevention (CDC), 2014b; Chughtai et al., 
2015a).

Fit testing is important to ensure efficacy of FFRs 
(e.g. N95 FFRs) and a poorly fitting respirator provides 
no more protection than a facemask (Coffey et al., 1999; 
Lawrence et al., 2006). Many studies show that HCWs 
are not fit tested for respirator use and that hospitals do 
not comply with fit testing requirements (Lautenbach 
et al., 2010; Wise et al., 2011; Beckman et al., 2013). 
Respirators are not routinely used in hospitals and their 
use is mainly limited to high-risk situations, for example 
to protect HCWs from airborne transmitted infections 
(e.g. tuberculosis) and during aerosol generating proced-
ures on patients with respiratory infections (Chughtai 
et al., 2013, Seale et al., 2014).

Widely used N95 FFR have well reported dis-
advantages, including breathing resistance, and the 
buildup of heat, CO2, and moisture (Bałazy et  al., 
2006; Radonovich et al., 2008; Rebmann et al., 2013; 
MacIntyre and Chughtai, 2015). This makes N95 FFRs 
difficult to tolerate over long periods of wear and can 
result in impaired professional performance, dizzi-
ness and low compliance, which in turn increases the 
risk of infection (Radonovich et al., 2009; MacIntyre 
et al., 2011; Kuklane et al., 2015). Studies have found 
that HCWs prefer respirators that are comfortable, 

keep them cool and do not interfere with breathing and 
communication(Baig et al., 2010; MacIntyre et al., 2011; 
Seale et al., 2014).

Due to the challenges of these commonly used 
FFRs, it is important to test new respirator technolo-
gies for use in healthcare settings and measure HCW re-
sponse to the new respirators in terms of donning and 
doffing, training methodologies, disinfecting/cleaning 
protocols, and ongoing compliance. PAPRs are posi-
tive pressure devices and generally considered more 
protective compared to FFR as the efficiency of their 
filters is >99.97% for particles both larger and smaller 
than 0.3 µm and they use a motor to draw air through 
a filter into the facepiece to maintain positive pres-
sure inside and thereby reduce inward leakage. PAPRs 
are easier to wear over long periods of time due to the 
positive airflow which results in reducing CO2, warmth 
and moisture inside the facepiece. Despite these im-
portant advantages, there has been limited adoption of 
PAPRs in healthcare settings in most countries and there 
have been no controlled clinical trials on their efficacy 
(MacIntyre and Chughtai, 2015).

Traditional PAPRs used in healthcare settings have 
full facepiece or loose-fitting hoods, attached to waist 
mounted belt batteries with tubes (Occupational Safety 
and Health Administration (OSHA), 2009, 2020). 
CleanSpace2™ PAPRs (by CleanSpace Technology®) 
are newly designed tight-fitting half facepiece PAPRs 
that have U.S. National Institute for Occupational Safety 
and Health (NIOSH), CE Mark (EN12942) and AS/
NZS1716 approvals. These PAPR units are ergonom-
ically designed to be comfortably neck mounted and 
are without belts or tubes. Breath responsive airflow 
in these PAPRs adjusts pressure for exhalation and in-
spiration, which creates a natural breathing experience 
(CleanSpace™ 2020). Tight-fitting CleanSpace™ half 
facepiece PAPRs have primarily been used in industrial 
applications and have not yet been studied in healthcare 
settings.

Hospitals in New South Wales (NSW) follow infec-
tion control policy developed by the Clinical Excellence 
Commission (CEC), NSW Government, which also in-
cludes the use of personal protective equipment (PPE) 
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in various situations. HCWs are recommended to use 
facemasks to protect from splashes and sprays of body 
substances and to avoid exposure to droplet-transmitted 
infections. P2/N95 FFRs are recommended to protect 
from airborne infections and while performing aerosol 
generating procedures. Trainings and fit checking of 
respirators are discussed in the policy directive; how-
ever fit testing is not mentioned. (Clinical Excellence 
Commission NSW Health, 2017). Although PAPRs are 
not routinely used in NSW hospitals, CEC developed 
PPE guidelines during the Ebola outbreak in West Africa 
(2014–2016), and recommended that frontline HCWs 
use PAPRs in high-risk situations (Clinical Excellence 
Commission NSW Health, 2014). This study aimed to 
(i) evaluate current attitudes and practices of HCWs 
working in NSW hospitals regarding the selection and 
use of respiratory protection and (ii) assess acceptability 
of the CleanSpace2™ PAPR among hospital HCWs.

Methods

Participants and setting
The study was conducted in a large tertiary care hos-
pital in Sydney, NSW, Australia from February to March 
2017. Twenty participants were recruited from emer-
gency departments, and intensive care units. Participants 
were nursing and medical staff aged over 18 years 
working full time in the ward. HCWs with preexisting 
medical illnesses or who were pregnant were excluded. 
All participants provided written, informed consent. 
Recruitment was conducted via posters and emails to 
promote the study. A small gift voucher was provided at 
the conclusion of the study.

In-depth interviews
One-on-one in-depth interviews were conducted to 
examine the current attitudes, understanding, experi-
ences, and practices of hospital HCWs regarding the 
selection and use of respiratory protection devices, 
including PAPRs. We also explored perceived barriers 
and facilitators toward using various types of devices. 
General demographic information was also collected, 
including gender, age, number of years working in 
healthcare, number of years in current position, and cur-
rent position at the hospital. Interviews were conducted 
in a separate room in the hospital by two researchers 
(AAC and HS). Interview questions were based on our 
previous research on facemasks/respirators in Australia 
and other countries (MacIntyre et al., 2011, 2013, 
2016; Chughtai et al., 2015a,b). Interviews were audio 
recorded and it took around 30 min to complete one 
interview.

Fit testing
After the interview, participants were asked to don 
PAPRs in a nonclinical setting, for fit testing. A new 
lightweight tight-fitting half-facepiece PAPR (500 g), 
the CleanSpace2™ Power Unit (by CleanSpace 
Technology®, Sydney, Australia, model PAF-0034), with 
three sizes of silicone half mask, was used for the study 
(Fig. 1). High-efficiency particulate air filters are used in 
CleanSpace2 PAPR, that have >99.97% efficiency. TSI 
Portacount Model 8030 (TSI, www.tsi.com) was used 
for the quantitative fit testing. Fit testing is not required 
for traditional PAPRs with loose-fitting hoods. As we 
used half facepiece PAPRs, we fit tested as per OSHA 
recommendations.

Fit testing was conducted by a trained technician and 
one of the researcher (AAC), using the OHSA exercise 
schedule (Occupational Safety & Health Administration 
(OSHA), 2019). The TSI Portacount measures the par-
ticle count from air samples from inside and outside the 
mask during each 1-min exercise. The OHSA schedule 
specifies testing during eight exercises: (i) normal 
breathing, (ii) deep breathing, (iii) head side, (iv) head 
up and down, (v) talking, (vi) grimace, (vii) bending, 
and (viii) normal breathing. Each exercise is 1 min in 
duration, except a 15-s ‘grimace’ which is designed to 
disrupt the seal on the face. We augmented the particle 
concentration in the room with an atomized particle 
generator (TSI Particle Generator 8026). Fit testing was 
performed in a small room setup in the hospital.

Exit survey
At the end of the testing all participants completed 
an exit interview to report their experiences with the 
use of the CleanSpace PAPRs and rated the following 

Figure 1. CleanSpace2 powered air-purifying respirator used 
in the study.
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characteristics of the device: ease of use, comfort, breath-
ability, acceptability, and tolerable length of wear com-
pared to respirators they had used before. Participants 
were also asked to rate the PAPR overall on a scale 
from 1 (very bad) to 9 (very good) based on the above 
characteristics.

Analysis
The interviews were professionally transcribed and 
analyzed thematically. Following repeated and close 
reading of the transcripts of each taped interview, two 
researchers (AAC and MK) independently constructed a 
code list of major themes emerging from the data. Those 
code lists were compared and cross-checked and a final 
list compiled. Coded data were aggregated into code 
files that were further evaluated, generalized and sum-
marized. Transcripts for each taped interview were also 
evaluated for internal consistency and corroborated with 
other interviews. NVivo (QSR International) was used 
for entry and analysis of interview data.

Fit testing data on each participant were entered and 
analyzed in IBM SPSS 25. Fit factor scores were cap-
tured as an overall fit factor score (excluding grimace) 
as well as for each exercise during the 30-min fit testing. 
Geometric means and geometric standard deviations 
were calculated.

Ethics approval
Ethics approval was obtained from South Eastern 
Sydney Local Health District Ethics Committee (HREC 
Ref. No. 16/175). Written consent was obtained from all 
participants.

Results

Twenty participants completed the study and of them 
13 were male. Twelve participants (60%) were aged 
between 25 and 34 years, three were between 35 and 
44 years, three were between 45 and 54 years, one was 
<25 years, and 1 was >54 years. Participants repre-
sented several professional categories: medical residents 
(n = 9), registered nurses (n = 6), nurse educators (n = 2), 
staff specialists (n = 2), and nursing manager (n = 1). 
Six participants (30%) had >10-year work experience, 
four (20%) had 6–10-year experience and remaining 
10 (50%) had ≤5-year experience. All participants were 
currently working in a clinical role in the hospital and 
had patient care duties. Only one participant had used 
a PAPR (traditional belt mounted device) in the past, 
while other participants had never used a PAPR before. 
All participants had used an N95 FFR at some stage in 

the last 5 years. All participants had used a facemask in 
the last week.

Interview results
Selection of respiratory protection by hospital
One of the strongest themes to emerge during the inter-
views was the reliance of the clinical staff on hospital 
management and infection control teams for selec-
tion of facemasks and respirators. Doctors and nurses 
had a limited knowledge of facemasks/respirators and 
had been using products provided by the hospital. 
Participants stated that they would use whatever was 
‘left outside the room’, ‘put outside the door’, ‘avail-
able in the trolley’, or ‘near the patients’ rooms’. Most 
of the staff reported that they follow instructions and 
alerts from the hospitals. They expected infection con-
trol teams to ‘put correct facemasks near door’ and ‘put 
a sign on their bed saying they’ve got droplet precau-
tions’. Moreover, emergency staff had been replying on a 
triage system to identify high-risk patients. Nurses were 
more compliant with use of respiratory protection and, 
in some cases, were telling doctors which product to 
use. Some participants mentioned that they were uncer-
tain whether they were using correct types of facemasks/
respirators.

‘I mean, I’m sure it is there somewhere but there are 
certain trollies that have certain facemasks and I mean 
there’s been times where I’ve just picked up whatever 
one was there’
‘… because sometimes you don’t always have the like 
N95 there or a facemask, they just grab whatever’s there, 
they don’t think about it’

There was a mixed response when asked which product 
they preferred to use. Some participants preferred using 
facemasks due to comfort and ease, while others pre-
ferred using respirators due to high level of protection 
against airborne infections such as measles, mumps, and 
tuberculosis. Respirators were also preferred in isolation 
or negative pressure rooms and during aerosol generating 
procedures. Signs were generally displayed outside the iso-
lation and negative pressure rooms containing information 
about the required PPE. Many participants emphasized 
that facemasks should be used by sick patients, although 
compliance among patients was reported to be very low.

Lack of awareness about infection control policy
Most participants stated that they were not aware of 
hospital policy and guidelines around use of facemasks 
and respirators. Some participants acknowledged the ex-
istence of hospitals policies but were unable to recall the 
specific details. They spoke about relying on infection 
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control staff to provide guidance in the event of an out-
break or pandemic.

‘We don’t have a policy on PPE in the hospital because 
I think it’s so changeable and they only have one person 
that does infectious diseases or infection control and it 
just changes all the time’.
‘It was on my to-do list, to find current guidelines but 
I wouldn’t know where to find them’

The use of facemasks and respirators was not monitored 
in most wards. According to participants, hospital ad-
ministration had emphasized hand hygiene primarily ra-
ther than PPE.

‘Nobody pushes to use facemasks or asks about it’.
‘I don’t think there’s as much talk around it (facemask 
use) at all’.

Short term use
The use of facemasks and respirators was irregular, with 
staff only using them for a short period of time, generally 
10–15 min. Most participants had been using facemasks 
only during ‘patients’ contact in emergency department’, 
‘entering infective patients’ rooms’, ‘doing sterile medical 
procedures’, or ‘high risk situations’.

‘To be honest, I rarely wear a facemask, unless I see a 
patient who either has a respiratory … known respira-
tory tract infection like TB or has a really high risk, for 
example, if we were seeing somebody who we thought 
might have Ebola virus’

‘I find after a few minutes, I want to take it off’

Compliance with the use of facemask and respirators 
was generally perceived as being low and was suggested 
to be higher in nurses compared to doctors. Availability 
of facemasks and disposable respirators was generally 
good, but only one size is available for all.

‘I find nurses definitely a lot better putting on PPE’
‘so also there’s one-to-one nursing so most of the time 
there’s a nurse at the door and they would almost cer-
tainly say, “Oh, that’s a droplet precaution room. You 
need to wear a facemask.’
‘And for low infection control but the seniors are the one 
who’ve got their own opinions about things’

Almost all participants reported one or more prob-
lems with use of facemasks and respirators in the 
past. Commonly reported problems were discomfort, 
breathing problems, perspiration, foggy glasses, warm-
ness, claustrophobia, and communication barriers. 
These adverse events were more common after respir-
ator use and participants were unable to wear them for 
long hours.

‘The facemask is not too bad but other one, N95 FFR is 
just really tight’.
‘Some of the facemasks are a little bit ill-fitting, so they’ll 
slip down the, slip down the face or the, the strings will 
slip down your hair at the back. If they’re worn for a 
really long time, it can feel a little bit claustrophobic. The 
N95 FFR is quite claustrophobic because it is so tightly 
attached …’
‘Yeah and obviously your voice might be muffled, your 
facial expressions aren’t really shown so that’s not that 
good in terms of creating a good patient rapport’.

Lack of training and fit testing
Among the participants interviewed, seven said they 
were trained on use of facemasks/respirators and only 
three said they were ever fit tested on respirator use. 
Those who were trained, received some basic (face to 
face or online) training during induction process a while 
ago and most were not sure whether they were don-
ning facemasks/respirators correctly. Two of them re-
ceived full PPE training in preparation for dealing with 
any Ebola cases. Most HCWs agreed upon the need for 
further training, however it was concerning that there 
appeared to be lack of interest (‘dry topic’, ‘poster fa-
tigue’, ‘time constraint’, ‘resources’, and ‘high turnover of 
staff’). Participants relied on hospital infection control 
team for training and guidance in the event of an out-
break or pandemic.

‘I can’t recall any formal education about different types 
of facemasks, to be honest’.
‘I think only if it was in terms of online training, no ac-
tual physical training’
‘I think it’s important to know how to put a facemask 
on, but I think it’s not something where our resources 
need to be spent on. I  think it’s quite easy to put a 
facemask on’

PAPR use in healthcare setting
Participants had mixed views on PAPR use in the hospital 
setting and requested ‘more information’, ‘evidence’, and 
‘reasons’ to use them. Most participants agreed upon the 
role of PAPRs in high-risk situations such as outbreaks 
of highly infectious pathogens (‘yes for Ebola, not for 
flu’) and pandemics. Participants mentioned various 
advantages of PAPRs such as superior protection (‘feel 
safe’, ‘more protective’), comfort, reusability, and ability 
to be used for prolonged period. However, PAPRs were 
not considered efficient for routine use due to high cost, 
large size and long donning/doffing process. Some par-
ticipants described PAPRs as ‘big’, ‘chunky’, ‘heavy’, 
‘bulky’, ‘cumbersome’, ‘hard-core’, ‘like an astronaut’, 
and ‘like a robot’.
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‘Like I would like to know how much more effective it 
is, like why it’s necessary’
‘if it (PAPR) supplies air to me, that would mean that 
I can work more comfortably’
‘It (PAPR) can provide me more protection. Or maybe 
it’s easier to work with like, you know, it’s more com-
fortable and you, you don’t get tired’

Participants raised several issues around cleaning and de-
contamination, including ‘who will clean’, ‘how to clean’, 
‘how to throw away’, and ‘reuse by same or different 
person after cleaning’. While discussing cleaning and de-
contamination, many participants gave an example of im-
proper decontamination of other reusable equipment in 
the hospital such as stethoscopes and ultrasound machines. 
Some participants showed willingness to decontaminate 
their PAPRs (like personally owned stethoscope) while 
most were reluctant to do it themselves. Training, fit testing, 
and storage issues were also discussed.

‘if it (PAPR) can be washed and reused and stored some-
where, yes I would say that would minimise the wastage 
(of facemasks)’
‘The responsibility of the cleaning, that’s another task 
that someone’s going to have to do’

Fit test results
All participants completed fit testing on the PAPR 
and passed with a single test (fit factor pass score of 
500) with an overall geometric mean fit factor of 6768 
(geometric standard deviation 3755). Table 1 outlines 
the fit factor scores for each exercise. Fit factor was 
lower during talking (geometric mean 3188) and body 
bending movements (geometric mean 5051). There were 
no adverse events reported during fit testing.

Exit survey results
During exit interviews, most participants agreed that 
CleanSpace PAPRs were easy to don (14/20) and doff (15/20) 

and were comfortable to wear (14/20). One-third (6/20) be-
lieved that the PAPRs were less comfortable to use compared 
to an N95 FFR and two-thirds of participants (13/20) be-
lieved that PAPRs were less comfortable to use compared to 
facemasks. Most participants (90%) preferred using PAPRs 
in high-risk situations and outbreaks of highly infectious 
pathogens. Participants reported other benefits of PAPRs use 
such as potential for long use and less fogging up of glasses. 
Most participants showed a willingness to use the PAPR if 
the devices were supplied by the hospital. In the PAPR rating, 
all participants rated PAPRs more than 5; 65% (13/20) rated 
them 7 or higher (out of 9). Seventy-five percent of partici-
pants (15/20) reported at least one problem using the PAPR 
during the Portacount testing. Commonly reported problems 
were discomfort, heaviness, claustrophobia, noise, difficultly 
in communicating, and long donning/doffing time.

Discussion

This study showed that HCWs had a limited knowledge 
of infection control guidelines and the type of respira-
tory protection used was determined by the tertiary 
hospital the participants worked in. The use of respir-
ators was short term (generally 10–15 min) and most 
study participants were not trained on use of respir-
ators. Hospitals should develop strategies and training 
programs to ensure correct use of respiratory protection. 
PAPR use was not common in this hospital, however 
the majority of participants agreed that they would use 
PAPRs in high-risk situations, provided they were sup-
plied by the hospital. For this small set of subjects, the 
fit testing data showed that the CleanSpace2 PAPR pro-
vided protection equal to or above the OSHA-mandated 
fit factor of 500 for tight-fitting half-facepiece PAPRs. 
More studies should be conducted to see the efficacy and 
use of various types of tight-fitting half-facepiece PPARs 
in clinical settings.

Table 1. CleanSpace2™ powered air-purifying respirators fit testing results of 20 healthy health care workers.

Fit exercise Geometric mean fit factor Minimum Maximum Geometric standard deviation

Normal 1 21 486 4683 58 072 12 753

Deep breathing 8281 3449 27 267 4866

Head side 11 273 3531 46 999 8779

Head up down 9114 3505 32 085 6999

Talking 3188 885 14 346 2091

Bending 5051 1030 25 336 3810

Normal 2 14 016 4987 49 103 9058

Overall 6768 3101 25 133 3755

*Fit factor—pass score 500.
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Currently there is a debate regarding when facemasks 
or respirators should be used in healthcare settings 
(Chughtai et al., 2013; MacIntyre et al., 2014). This is 
mainly due to the lack of evidence around the efficacy 
of facemasks and respirators to protect HCWs from 
various respiratory infections (MacIntyre and Chughtai, 
2015). To date only five clinical trials have been con-
ducted in healthcare settings to evaluate the efficacy of 
facemasks/N95 FFRs against influenza (Jacobs et al., 
2009; Loeb et al., 2009; MacIntyre et al., 2011, 2013; 
Radonovich et al., 2019). In all studies there were no sig-
nificant differences between facemasks and N95 FFRs 
in the rates of laboratory confirmed influenza. However, 
N95 FFRs were found to be protective against secondary 
outcomes, such as clinical respiratory infection, influ-
enza like illness and/or laboratory confirmed viral re-
spiratory infections, in some of these studies (MacIntyre 
et al., 2011, 2013, 2017).

Health organizations and countries have different 
policies and guidelines around when facemasks or respir-
ators should be used (Chughtai et al., 2013; MacIntyre 
et al., 2014). These differences are reflected in hospital 
infection control guidelines and HCWs generally follow 
hospital policy. Hospitals generally select facemasks or 
respirators based on nature of infection, patient inter-
action and mode of transmission (Siegel et al., 2007), 
however risk perception and cost also play a role in the 
selection of respiratory protection (MacIntyre et al., 
2014). HCWs in this study limited knowledge about 
facemask and respirators and use whatever is provided 
to them by the hospital. Previous studies also show that 
HCWs use products provided to them by the hospitals 
(Chughtai et al., 2015c). However, hospitals should en-
sure proper use of facemasks and respirators and pol-
icies, guidelines, training, and fit testing should be 
available to HCWs. Frontline HCWs should also be en-
gaged in the selection of respiratory protection.

This study showed that most HCWs in this hospital 
were not fit tested or trained on the use of respirators, nor 
were they sure when they should be used. Many previous 
studies show that training and fit testing improve the ef-
ficacy of respirator use (Coffey et al., 1999; Lawrence 
et al., 2006). Training helps ensure proper donning and 
doffing of PPE to prevent self-contamination of the 
wearer (Moore et al., 2005; Center for Disease Control 
and Prevention (CDC), 2018). Doffing is a particularly 
high-risk process and wearers should not touch the outer 
surface of the respirator during doffing (Beckman et al., 
2013). Fit testing is an important component of respira-
tory protection programs to ensure adequate protection 
as the risk of inhalation of infective particles is less with 
properly fitted respirators (Noti et al., 2012; Nichol 

et al., 2013). However, training, fit testing, and other 
components of respiratory protection programs may not 
be implemented in hospitals and there may be no system 
to monitor compliance of HCWs with the use of respir-
ators (Chughtai et al., 2015b). Monitoring and other or-
ganizational support factors improve compliance with 
the use of respiratory protection (Moore et al., 2005; 
Shigayeva et al., 2007; Nichol et al., 2013). Therefore, 
HCWs who may need to use respirators should be 
trained and fit tested at hire and then on a yearly basis. 
Hospital infection control committees should ensure im-
plementation of all components of respiratory protec-
tion programs to protect HCWs (DeJoy et al., 2000). In 
this study only one participant had used a PAPR before 
and remaining participants had never used a PAPR or 
been trained on these devices.

In this study all participants passed fit testing, which 
means that CleanSpace2 PAPRs provided protection 
equal to or above the OSHA-mandated fit factor of 500 
for tight-fitting half-facepiece PAPRs. Therefore, like 
other PAPRs, CleanSpace PAPRs may be used to protect 
against certain high-risk pathogens such as category 1 
biological agents, including Ebola (Center for Disease 
Control and Prevention (CDC), 2014a), and may also 
be used during aerosol generating procedures on tuber-
culosis patients (Jensen et al., 2005). Most participants 
also agreed that PAPRs were easy to don and doff and 
were comfortable to wear. It is clear from our past re-
search that comfort is essential to enable effective pro-
tection from PPE (MacIntyre et al., 2011, 2013).

The perceived technical complexity of PAPRs, and 
longer donning/doffing process, and cleaning were the 
issues highlighted in this study. Participants of this study 
believed that PAPRs would only be used in high-risk 
situations. Longer donning/doffing time, keeping bat-
teries charged and untrained staff could be other reasons 
for low use of PAPRs. Most participants in this study 
were familiar with the use of facemasks and N95 FFRs 
for short periods of time (<10 min). Under these cir-
cumstances, routine use of PAPRs was not considered 
practical.

There are various types of PAPRs and the percep-
tion of HCWs may be different for PAPRs with half 
facepieces, full facepieces and loose hoods. Loose-fitting 
PAPRs are commonly used in healthcare, while other 
types of PAPRs are used in industrial settings. Fit testing 
is not required for PAPRs with loose fitting hoods and 
they can be used by men with facial hair (Occupational 
Safety and Health Administration (OSHA), 2009, 
2020). Parts of face (particularly eyes) and neck are 
covered when PAPRs with loose hoods are used, which 
provides additional protection. On the other hand, 
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stethoscopes, ophthalmoscopes and some other medical 
equipment cannot be used with PAPRs with hoods. In 
this study we used a newly designed tight-fitting half-
facepiece CleanSpace™ PAPR with half facepiece masks. 
CleanSpace™ PAPRs are more widely used in indus-
trial applications and there have been recent techno-
logical developments that have been widely adopted in 
these markets that may also benefits HCW protection. 
The PAPRs used in this study may deliver compliance 
benefits over traditional PAPRs with belt mounted bat-
teries, hoses or cables, and helmets or hoods (Center 
for Disease Control and Prevention (CDC), 2019). 
Previous studies by this group, showed high risk of 
self-contamination during doffing due to pathogens on 
outer surface of PPE (Chughtai et al., 2018). The type 
of PAPR used in this study may reduce the risk of self-
contamination as the device is worn above the shoulder 
and back (away from the contaminated field). Moreover, 
the facepiece is a polished medical grade silicon that can 
be easily disinfected after use. However, like the loose-
fitting hood PAPRs, half facepiece CleanSpace™ PAPRs 
do not protect eyes from splashes and sprays of blood 
and body fluids. Therefore, additional eye protection 
(goggle or face shields) may be needed with these types 
of half facepiece PAPRs in the case of high-risk infec-
tious diseases requiring airborne or droplet precautions. 
Half facepiece CleanSpace™ PAPRs also need to be fit 
tested and cannot be used with man with facial hair. 
Further studies are needed to evaluate the use of various 
types of PAPRs in healthcare environments with staff 
undertaking typical clinical tasks, to determine usability 
and compliance. To assess deployability and adoption of 
PAPRs compared to N95 FFRs, cost-effectiveness studies 
could be conducted to examine the role of various types 
of PAPRs in high demand situations such as large epi-
demics and pandemics.

There are limitations of this study. The sample size 
was small and there was not a representative number of 
clinical care staff who were familiar with respirators and 
PAPRs. The study was conducted in one hospital and 
practices may vary across other hospitals. There were 
no quantitative measures of comfort or breathability to 
compare with respondents’ interviews. Moreover, we did 
not assess ease of cleaning and disinfection of PAPRs, 
impact of wearing faceshields or goggles, use of medical 
devices, or use of these respirators in real-world settings 
during real-world medical tasks.
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