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Abstract: Background: Reusable elastomeric respirator
use in health care may represent one solution to address
N95 respirator shortages experienced during infectious
disease outbreaks, but cleaning and disinfection
requirements may limit their utility. Evidence of respirator
cleaning and disinfection behaviors and practices by
health care workers may inform guidance on reusable
respirator use. Methods: Medical system elastomeric
respirator users were surveyed about respirator cleaning
and disinfection practices and perceptions via an electronic
survey. Respondents were subsequently classified based on
reported compliance with their assigned respirator use. To
explore whether respirator cleaning and disinfection issues
affected compliance with assigned device use, responses
were compared between user groups and adjusted for
covariates. Results: A total of 432 of 2,024 (21%) eligible
elastomeric respirator users completed the survey. Most
(>90%) reported that their respirator was clean, but only
52% reported that they always disinfect their respirators
after use according to the hospital’s expected practice.
Only 40 respondents (9%) reported regularly cleaning

the respirator with soap and water, in accordance with
manufacturer recommendations. Reporting of suboptimal
decontamination practice was not associated with assigned
device compliance, however, except among providers

and respiratory therapists. Conclusion/Application to
Practice: Although perceptions of cleanliness and
adherence to expected decontamination practices during
routine use did not appear to influence compliance with
assigned respirator use overall, this did predict compliance
among providers and respiratory therapists, both of whom
have nonfixed workstations. Practical and effective strategies
to assure easy access to and availability of clean reusable

respiratory protective devices are needed to facilitate their
use in health care respiratory protection programs.
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Background

Respiratory protection is often required to safeguard health
care workers (HCWs) from airborne infectious agents such as
tuberculosis (TB). Conventionally, disposable N95 filtering
facepiece respirators (N95s) are used for this purpose (Siegel
et al., 2007, Wizner et al., 2016). N95 shortages experienced
in each of the last major infectious public health emergencies,
including the 2002 severe acute respiratory syndrome (SARS),
2009 HINT influenza, and 2014 Ebola outbreaks (Beckman
et al., 2013; Srinivasan et al., 2004), demonstrate the need to
identify additional solutions to address the predictable
demand for these devices in future pandemics. One solution
to avert N95 shortages may be employing reusable respirators
(Bach, 2017). These include elastomeric half-facepiece
respirators (EHFRs) and powered air-purifying respirators
(PAPRs; Figure 1). Many health care respiratory protection
programs (RPPs) include the use of loose-fitting PAPRs, as
they are often used as alternatives to tight-fitting devices
when HCWs are unable to successfully complete a fit-test for
various reasons, including presence of facial hair (Brown
et al., 2018; Wizner et al., 2010). Elastomeric half-facepiece
respirators however, while frequently used in general
industry, are less familiar to hospital RPP staff (National
Academies of Sciences Engineering and Medicine [NASEM],
2018; Wizner et al., 2016). Thus, the adoption and utility of
EHFRs as a reasonable alternative to N95s in health care
settings is unclear.
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Health care workers who use reusable elastomeric
respirators under routine respiratory protection scenarios
report that they perceive their respirators to be clean. Just
more than half, however, report always disinfecting the
respirator with a wipe after each use. Practical and
effective decontamination strategies are needed to
facilitate inclusion of these respirators as part of hospital
respiratory protection programs. Use of reusable
elastomeric respirators may be one solution to abate
disposable N95 respirator shortages experienced during
infectious disease outbreaks.

Previous research has shown that user acceptance features,
like respirator comfort and communication, are rated less
favorably among EHFR and PAPR users compared with N95
users; however, EHFRs are preferred to N95s in hypothetical
higher risk scenarios such as during care of patients with active
TB or pandemic influenza (Hines et al., 2019b). This suggests
that user acceptance is not an insurmountable barrier to their
use in health care, particularly when the exposure threat is
perceived to be higher.

Logistical issues also impose potential challenges to EHFR
use in health care settings. For example, both storage and
availability of elastomeric respirators have been shown to be
potential barriers to their optimal use in these settings (Hines
et al., 2019a). Perhaps more imposing, however, are questions
about whether a reusable respirator can be cleaned and
disinfected acceptably. Given that respirators are typically worn
in health care to protect the wearer from exposure to an
infectious microbial pathogen, concern also arises because
respirators may become fomites, capable of transferring
infectious materials to a user’s hands or face (Casanova et al.,
2008). Such fear of contaminated respirators contributing to
disease transmission is fairly unique to health care and
emergency response settings (Fisher et al., 2014). As most
respiratory protection regulatory policies are not tailored to
specific industry sectors, little health care-specific guidance
exists for practical assurance that reusable respirators can be
deployed in such settings without becoming contaminated and
thus, a hazard to users.

The U.S. Occupational Safety and Health Administration’s
(OSHA) Respiratory Protection Standard requires that
employers “ensure that the respirator is properly cleaned and
disinfected in a manner that prevents damage to the respirator
and does not cause harm to the user” (OSHA 1910.134
Appendix B-2). This OSHA guidance is generic, which directs
employers to use the cleaning recommendations provided by
the respirator manufacturer, which typically is not tailored to
the specific biohazard concerns of the health care setting.

Thus, while specific protocols for cleaning and disinfecting
elastomeric respirators are available from respirator
manufacturers, minimal information is available to address a
protocol’s efficacy for elimination of microbial contaminants
(Heimbuch & Harnish, 2019). Importantly, the terms
“cleaning” and “disinfection” refer to two distinct actions.
Cleaning is the removal of visible soil from surfaces using
water and a detergent or enzymatic product (Centers for
Disease Control and Prevention [CDC], 2008), while
disinfection eliminates all pathogenic microorganisms, except
bacterial spores, using liquid chemicals or wet pasteurization
(CDC, 2008; Lawrence et al., 2017). In general industry, where
soiling of respirators due to heavy particulate loads is likely to
occur, cleaning is important to assure optimal respirator
performance. In health care, while removal of soiling agents
such as facial oils or dusts is important, the role of
disinfection is likely more critical.

The NASEM Committee on the Use of Elastomeric
Respirators in Health Care has concluded that EHFRs can be
a viable solution for health care respiratory protection when
logistical issues, such as cleaning and decontamination, are
addressed (NASEM, 2018). Currently, limited evidence from
modeled and experimental studies of reusable respirator use
exists to guide recommended cleaning and disinfection
practices in health care (Bessesen et al., 2015; Ciconte &
Danyluk, 2013; Lawrence et al., 2017; Subhash et al., 2014).

One large U.S. medical system, anchored by an urban
teaching hospital, has utilized EHFRs as one of the several
devices in use in its RPP cache since 2009, due to HIN1
pandemic-related N95 shortages (Hines et al., 2017). This
medical system population presented an experienced user
group to query and to assess actual and perceived logistical
barriers to the hospital’s elastomeric respirator use.

This study aimed to determine the perceptions of HCWs
toward cleanliness of these reusable devices and to quantify
their reported frequency of cleaning and disinfection under
routine use. A secondary objective was to understand whether
cleaning and disinfection perceptions and use practices were
associated with compliance with respirators that they are
assigned by their employer.

Methods

A cross-sectional survey of HCWs enrolled in RPPs of the
aforementioned U.S. medical system was performed between
August and October 2016. This mixed population included users
of EHFRs, N95s, and PAPRs. Health care workers were eligible
to complete the survey if they were included in the RPP, were at
least 18 years old, had used a respirator at least once outside of
training within the last year, could read English, and had
worked for their current employer for at least 3 months. Two
clinical sites within the medical system participating in the
survey used elastomeric respirators as part of their RPP
inventory: a large, urban academic medical center and its
associated ambulatory physician practices, including primary
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and specialty care practices. An estimated 2,024 EHFR users
were eligible to participate at the time of survey based on
employee health rosters.

At the time of survey, the expected practices according to
the institutions’ RPP were that users should wipe down their
respirators with an alcohol pad or disinfectant wipe after each
use. Guidance dating back to original program implementation
during 2009 HIN1 outbreak also recommended that HCWs
remove the filter cartridges and clean the mask using detergent,
such as dish soap and water. It was also recommended that the
cartridge-covered filters be changed if they became wet, soiled,
or damaged. Staff received reeducation about respirator use
during their annual fit-testing. Faculty physicians and advanced
practice providers, however, received biennial respirator
fit-testing and training coupled with hospital recredentialing
requirements.

Health care workers were recruited to participate via flyers
displayed in approved common workspace areas,
announcements at shift change meetings and huddles, as well
as divisional leadership and nursing manager meetings. Health
care workers who completed the survey received US$20
electronic gift cards as compensation for their participation. Due
to budgetary constraints, recruitment was closed after reaching
enrollment of the first 1,152 participants, regardless of the
respirator type use.

Health care workers could complete the electronic survey
via personalized links to the questionnaire embedded in email
messages sent by the study team to addresses obtained from
employee health rosters of RPP participants. To assure
opportunities for all eligible HCWs to participate, the study
team also scheduled times to be present on nursing units with
laptop computers available for HCWs to complete the survey
on-site through a general entry portal, entered via a single-use
access code. All study activities were approved by the University
of Maryland, Baltimore Institutional Review Board.
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Figure 1. Examples of types of air-purifying respirators used in health care settings: (A) elastomeric half-facepiece respirator
(EHFR), (B) N95 filtering facepiece respirator, and (C) powered air-purifying respirator (PAPR).

Survey Methods

Survey questions were developed based on feedback
provided by HCWs who had participated in a focus group
about respiratory protection in an earlier, qualitative phase of
the study (Hines et al., 2017). These targeted questions were
combined with questions modified from other relevant,
existing questionnaires (Peterson et al., 2015; Sorra et al.,
20106) to address topics related to respirator cleaning and
disinfection. After conversion into an electronic format, the
survey was pilot-tested by a group of critical care physician
respirator users, followed by additional refinement based on
tester feedback, before reaching its final version. The survey
was designed to be completed within 20 minutes. Aside from
questions about demographic factors, only questions about
cleaning and disinfection of elastomeric respirators were
analyzed for this article.

The survey included questions about a variety of
demographic, occupational, and respirator use factors.
Occupational questions asked about job type (e.g., nurse,
nurse practitioner, physician assistant, resident or attending
physician, patient care technician, medical assistant, laboratory
or radiology technician, respiratory therapist [RT], or other),
unit setting, clinical site, and years worked in health care.
Questions oriented to respirator use asked about the type of
assigned respirator (disposable N95, EHFR, PAPR), type of
respirator usually used (disposable N95, reusable elastomeric,
PAPR), percentage of time wearing a respirator as part of
routine work (<1%, 1%-10%, 10%-25%, 25%-50%, >50%), and
frequency of respirator training and fit-testing (once at hire,
and then annually; once at hire, and then every 2 years; once
at hire, then as required by a physician-based on medical
necessity; no requirements; do not know; other). With regard
to respirator cleaning and disinfection perceptions and
practices, workers were asked how clean they perceived their
respirator to be (very clean, clean, somewhat clean, not very
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clean, not at all clean), the frequency I wipe my reusable
elastomeric respirator with an alcohol pad or disinfectant wipe
after each use (never, sometimes, about half the time, usually,
always), and frequency of removing the filters and washing
inside the respirator with soap and water (after each shift,
weekly, monthly, yearly, rarely/never).

Most question responses were in the form of three to five
categorical response options. Additional details about setting
and survey methods related to different research questions
among the same population have been described previously
(Hines et al., 2019a, 2019b). An earlier qualitative analysis of
workers and RPP decision makers from this same medical
system had determined that some elastomeric respirator users
were “usually” using a different model of respirator, such as an
NO95, rather than their assigned EHFRs (Hines et al., 2017). Thus,
they had unofficially (and autonomously) switched from
wearing EHFRs to N95s. This practice suggested noncompliance
with expected respirator use. Thus, the questionnaire asked
participants to report what respirator they most recently had
been assigned to use (e.g., N95, EHFR, PAPR), and then asked
what respirator they usually use. These users were classified as
“concordant EHFR users” when they indicated that they were
assigned the EHFR and they wore the EHFR. Those assigned to
use EHFRs but who reported usually using a different type of
respirator were classified as “discordant users.”

Analysis

For this analysis, responses only from HCWs who had been
assigned to use an EHFR respirator were analyzed (n = 432).
Among the sample of more than 1,152 total HCWs who
completed the survey, 720 did not use EHFRs. Hence, they were
not asked about cleaning and disinfection practices and not
included in this analysis

Frequency distributions for the entire sample of EHFR users
were calculated to address the primary study objective of
understanding use practices and perceptions related to cleaning
and disinfection. To address the secondary objective of
understanding whether concordant and discordant EHFR users
reported different cleaning and disinfection-related responses,
frequency distributions of categorical and dichotomous
demographic and other background characteristics between
these two user groups were compared using chi-square analysis.
The groups were also compared by the number of years
worked in health care using a Wilcoxon rank-sum test. These
comparisons were then reevaluated after adjustment for factors
hypothesized to affect these outcomes that were significantly
different between the two user groups using multinomial
logistic regression. Physicians (both attending and resident),
nurse practitioners, and physician assistants were classified as
“providers.” Registered nurses and licensed practical nurses
were classified as “nurses.” Medical assistants, patient care
technicians, nurse’s aides, and laboratory or radiology
technicians were classified as “patient support/other.” Inpatient
settings including emergency department, medical intensive care
unit, medical wards, and pediatric wards were classified as

“higher-risk inpatient unit,” and all other inpatient unit
responses were classified as “lower-risk inpatient units.” After
adjustment for job category, site (urban academic hospital
versus urban ambulatory practice), primary unit, frequency of
respirator training/fit-testing, and years worked in health care,
odds ratios (ORs) were calculated for reporting of specific
practices or perceptions in discordant compared with current
EHFR users. Noncritical categories of outcomes and
independent variables were folded into larger or more
meaningful categories to prevent regression model overfitting in
the multivariable analyses. For example, to test the hypothesis
workers who do not work in fixed unit settings such as RTs and
physicians might report different practices compared with
HCWs who work in “fixed” locations, responses of RTs and
providers were combined for adjusted analysis and compared
with nurses. To understand whether effect modification was
occurring between the independent variable of user group
status with potential confounders of job category and frequency
of respirator training/fit-testing on the outcomes, a post hoc
analysis was performed by adding interaction terms between
user status and the above two independent variables. To
determine whether job category or frequency of fit-testing or
training were confounding the true relationship between user
status and cleaning outcomes, differences in these associations
between subgroups defined by job category and frequency of
fit-testing or training were also examined. All analyses were
conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC).

Results

Demographic and occupational characteristics of the 432
EHFR user survey respondents are shown in Table 1.
Respondents were predominantly of female gender (85%),
younger than 40 years (65%), nurses or patient support staff
(76%), and worked at the urban academic hospital (84%); 65%
were classified as concordant (7 = 280) users, and 35% were
classified as discordant (n = 152) users.

Overall, 90% of respondents reported that their respirator
was “clean” or “very clean.” Only 52% reported “always” and
another 22% reported “usually” wiping the respirator with a
disinfectant wipe after each use, the designated disinfection
method according to the hospital’'s RPP (Table 2). Only 9%
reported removing the filters and washing the respirator with
soap and water after each shift or at least weekly. Perception of
cleanliness of the respirator did not differ between concordant
and discordant EHFR users. Almost 58% of the concordant
EHFR users reported “always” wiping down the respirator with
a disinfectant wipe or alcohol pad after use, but the proportion
of discordant users always performing this task was lower
(42%). Both groups reported infrequent washing of the
respirator, but more concordant users reported performing this
task more regularly than did discordant users.

For the multivariate analysis, concordant versus discordant
user status was not associated with perceived cleanliness of the
respirator (OR 0.82, 95% confidence interval [CI] = [0.53, 1.20])
or frequency of disinfection with a wipe (OR 1.50, 95% CI =

575




WORKPLACE HEALTH & SAFETY December 2020

Table 1. Demographic Characteristics of Concordant Compared With Discordant EHFR Users (n = 432)

Concordant® EHFR users Discordant EHFR users

n=280 65% n =152 35%
Demographic Characteristic n % n %
Age (years) 347
50+ 51 18.00 34 22.40
40-<50 45 16.00 23 15.10
30-<40 91 32.50 56 36.80
<30 93 33.20 39 25.70
Race .893
Nonwhite 105 37.50 58 38.20
White 175 62.50 94 61.80
Female gender 239 85 129 85 .891
Job type <.001
Nurse (nonmobile) 131 46.80 59 38.80
Patient support/Other® (nonmobile) 105 37.50 34 22.40
Mobile workers® 44 15.70 59 38.80
[RT 20 7.10 23 15.1]
[Provider® 24 8.60 36 23.7]
Education .004
High/Trade school/Other 30 10.70 9 5.90
Some college 67 23.90 31 20.40
Bachelor’s degree 113 40.40 53 34.90
Master’s/Some postbachelor’s 48 17.10 29 19.10
Doctoral 22 7.90 30 19.70
Primary unit setting <.001
Higher risk inpatient units 186 66.40 96 63.20
Lower risk inpatient units 30 10.70 35 23.00
Ambulatory/Laboratory/Radiology 64 22.90 21 13.80
Site 011
Urban ambulatory/Other® 54 19.30 15 9.90
Urban academic hospital 226 80.70 137 90.10
(continued)

576



vol. 68 M no. 12 WORKPLACE HEALTH & SAFETY

Table 1. (continued)

Concordant® EHFR users Discordant EHFR users

n=280 65% n =152 35%

Demographic Characteristic /] % /] % pvalue

Percentage of time wearing a respirator .931
>10%—25% 57 20.40 29 19.10
1%-10% 99 35.40 56 36.80
0%-1% 124 44.30 67 4410

Frequency of training/Fit-testing .052
At hire and annually 214 76.40 103 67.80
Other 66 23.60 49 32.20

mean years (SD)
Years worked in health care 12 (10) 13.6 (10) .028

Note. EHFR = elastomeric half-face respirator; RT = respiratory therapist.

Concordant EHFR users reported usually using an EHFR and being assigned to use an EHFR. Discordant EHFR users reported usually using an N95
filtering facepiece respirator but were assigned to use an EHFR. "Includes patient care technicians, medical and nursing assistants, and all other
roles. °Respiratory therapists were grouped with providers for adjusted analysis; significant difference in distribution of job categories between
current and discordant users was unchanged once these two categories were collapsed into one (o < .0001). “Providers included nurse practitioners,
physician assistants, and resident and attending physicians. °Largely composed of urban ambulatory site, but <10 from urban community, suburban
community, and suburban/rural community sites also included.

Table 2. Perceived Cleanliness of Elastomeric Respirator, Disinfection and Cleaning Frequency Reported by Concordant Compared
With Discordant EHFR Users (n = 432), Unadjusted.

Concordant’ EHFR users  Discordant EHFR users Total

n =280 % n =152 % n =432 % pvalue

How clean is the respirator when you use it?°

Very clean® 126 457 70 46.1 196 45.4 .805
Clean 123 44.6 70 46.1 193 447
Somewhat or not clean 27 9.8 12 7.9 39 9.0

| wipe my reusable elastomeric respirator with an alcohol pad or disinfectant wipe after each use

Always® 162 57.86 64 4211 226 52.3 .0005
Usually 60 21.43 34 22.37 94 21.8
Half the time 16 5.71 12 7.89 28 6.5
Sometimes 31 11.07 20 13.16 51 11.8
Never 11 3.93 22 14.47 33 7.6
(continued)
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Concordant® EHFR users  Discordant EHFR users Total
n =280 % n =152 % n=432 %
| remove the respirator filters and wash inside of my respirator with soap and water
After each shift or weekly 30 10.7 10 6.6 40 9.3 .045
Monthly 25 8.9 6 4.0 31 7.2
Yearly/Rarely/Never® 225 80.4 136 89.5 361 83.6

Note. EHFR = elastomeric half-face respirator.

Concordant EHFR users reported usually using an EHFR and being assigned to use an EHFR. Discordant EHFR users reported usually using an N95
filtering facepiece respirator but were assigned to use an EHFR.

PFour current EHFR users did not answer this question; percents expressed in relation to percent answering question.

°For subsequent analysis of perceived cleanliness, responses were collapsed into “very clean” versus all other responses (i.e., “clean” combined with
“somewhat” or “not clean”). No change in significant difference in distribution of responses between groups (o = .94).

9For subsequent analysis of frequency of disinfection, responses were collapsed into “always” versus all other responses combined. No change in
significant difference in distribution of responses between groups (o = .0017).

°For subsequent analysis of frequency of cleaning, responses were collapsed into “yearly/rarely/never” compared with “monthly” or more frequently.
No change in significant difference in distribution of responses between groups (p = .0146).

Table 3. Adjusted Odds of Perception or Elastomeric Respirator Use Practice Among Discordant (n = 152) Compared With

Concordant EHFR Users (n = 280)

Perception or Respirator Use Practice aOR? 95% ClI
Perceived cleanliness of respirator
Less than very clean
Discordant 0.82 [0.53, 1.26]
Concordant Ref.
Frequency of disinfection with wipe
Less than always
Discordant 1.50 [0.97, 2.34]
Concordant Ref.
Frequency of cleaning with soap and water
Less than monthly
Discordant 1.84 [0.95, 3.59]
Concordant Ref.

Note. EHFR = elastomeric half-face respirator; aOR = adjusted odds ratio; Cl = confidence interval.
Adjusted for job category, site, primary unit, frequency of fit-testing or training, and years worked in health care.
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[0.97, 2.34]). However, the frequency of cleaning the respirator
with soap and water (OR 1.84, 95% CI = [0.95, 3.59]) was
almost twofold higher for the concordant group, although
statistical significance was not reached (Table 3). No significant
interactions were observed for outcomes of perceived
cleanliness or frequency of cleaning. A significant interaction
was observed for frequency of disinfection between discordant
respirator user status and job category: Among providers and
RTs, discordant users were more likely to report suboptimal
disinfection practices (OR 3.87, 95% CI = [1.65, 9.08)).
Frequency of fit-testing/training did not significantly alter the
association between discordant user status and frequency of
disinfection.

Discussion

This study found that while most EHFR users report that
their perception is that the respirator is clean, 74% report
always or usually disinfecting the respirator after each use
with a wipe, and most users have never reported cleaning the
respirator with soap and water. Suboptimal use practices were
more likely to be reported by the discordant users, but when
adjusted for covariates, there were no significant differences
in reporting of cleaning practices between concordant and
discordant users. This suggests that behaviors required for
optimal cleaning and disinfection of reusable respirators are
not the primary reason for noncompliance with assigned
elastomeric respirator use overall. The significant interaction,
however, between care providers and RTs with discordant
user status on the outcome of disinfection frequency suggests
that occupational characteristics influence compliance with
expected disinfection practice. Here, it is hypothesized that
this may be related to nonfixed practice setting or mobile
worker status, and not having a nearby, convenient storage
location for an individual-maintained EHFR. This is the case
for providers and RTs, but not for nurses. This pattern of
occupation-associated discordant use was demonstrated in a
previous analysis of self-reported respirator storage location
and availability (Hines et al., 2019a). Overall, these results
suggest that while cleaning and disinfection of reusable
elastomeric respirators in health care must be improved,
decontamination practices are not the reason for HCW
noncompliance with assigned respirator use, except among
job categories that require mobility throughout the hospital,
such as providers and RTSs.

The hospital’s EHFR RPP structure may have influenced
noncompliance with expected respirator use beyond factors of
cleaning and disinfection. The standard practice in place at the
study hospital during the survey period was for placement of an
equipment cart immediately outside of the room of a patient on
airborne precautions, for which respirator use is required by
HCWs (Hines et al., 2017). The cart contains a variety of sizes
and models of N95s to allow HCWs who have been assigned to
use them to find the respirator they have been fit-tested to use.
This practice may confuse HCWs not assigned to use N93s on
what they should use: The N95s are available and signage states

that airborne precautions are required. Thus, if an HCW
assigned to use an EHFR presents to enter a patient room where
airborne precautions are in place and does not have their EHFR
with them, they may elect to use an N95 filtering facepiece
respirator from the cart even though they have not been
fit-tested to wear it. This alternative respirator choice may be
viewed as more convenient for the provider, rather than
retrieving their own EHFR, to comply with the PPE requirement
for airborne precautions. This would not have influenced
responses of EHFR users in the ambulatory practices, however,
as N95s are not regularly used there.

This study has several limitations, the first being the small
number of participants. The study was originally powered to
detect differences in user acceptance outcomes between an
estimated 400 versus 600 EHFR and N95 users (Hines et al.,
2019b). The sample of 432 assigned EHFR users included in
this analysis met the original enrollment goal. After learning
that EHFR users were not always wearing their respirators as
assigned, however, it was decided that it was important to
analyze the EHFR group further to try and understand how
cleaning and disinfection practices might be affecting
compliance with expected use. This led to comparison of
smaller numbers of respirator users. Thus, results are
compared among smaller populations of concordant compared
with discordant EHFR users to address the secondary objective
of understanding impacts on compliance with assigned use.
Despite the small samples, differences in reporting of
disinfection and cleaning practices were still discernable. Also,
research suggests that while low response rates may affect
univariate analyses, it is less likely to bias multivariate analysis,
which is presented in this study (Rindfuss et al., 2015). Second,
these data are based on self-report only and not based on
observed practices. It is possible that the frequency of cleaning
and disinfection may be higher or lower than that reported
here, as has been demonstrated in studies comparing self-
report with observed handwashing in HCWs (Jenner et al.,
2006; O'Boyle et al., 2001). Self-report of safety practices
among HCWs, however, has been considered an important
outcome in prior research (Chokephaibulkit et al., 2013).
Finally, it is unclear how consistently cleaning and disinfection
is emphasized during initial and interval respirator training.
This has not been measured in the past and doing so would
aid in understanding the impact of training on expected
maintenance practices.

This study also has notable strengths. First, it is the only
study among active EHFR users in health care to report on
actual individual use practices related to cleaning and
disinfection, for which optimal protocols are still being designed
and compared (NASEM, 2018). While experimental conditions
have provided guidance on potential best practices for
respirator reprocessing, this study gives a practical evaluation of
real-world use of these devices (Bessesen et al., 2015; Ciconte &
Danyluk, 2013; Heimbuch & Harnish, 2019; Lawrence et al.,
2017; Subhash et al., 2014). In addition, by including respirator
users who autonomously elected to use a different respirator
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though assigned to use an elastomeric respirator, the responses
may give some insight to barriers which this subpopulation
found inconvenient. While challenging, this reflects real-world
experiences of HCW safety behavior. These finding also suggest
that addressing these problems could improve hospitals’ RPPs
and reduce or eliminate noncompliance.

Implications for Occupational Health Practice

N95 respirator shortages experienced during recent
infectious disease outbreaks have exposed vulnerabilities to
hospital RPP readiness. Use of reusable elastomeric respirators
may be one solution to combat these predictable N95 shortages
and has been recommended by the U.S. CDC during
coronavirus disease 2019 (COVID-19) response (CDC, 2020).
Practical and effective cleaning and disinfection strategies are
needed to facilitate inclusion of reusable elastomeric respirators
as part of hospital RPPs. An evidence base to support
development of decontamination strategies exists (Bessesen
et al., 2015; Heimbuch & Harnish, 2019; Lawrence et al., 2017).
Occupational health professionals involved in their hospital’s
RPP should be knowledgeable about the various types of
respiratory protection devices, as well as the pros and cons to
these devices during everyday use.

Conclusion

Although perception of cleanliness and adherence to
recommended cleaning practices do not appear to influence
compliance with use of assigned reusable respirators overall,
this did predict lack of compliance among providers and RTs,
both of which are mobile workers, possibly due to challenges
and the inconvenience of a nonfixed work setting.
Importantly, HCW respirator cleaning behavior can be
optimized through innovative strategies in training, the
organization of the RPP, and enhanced safety culture. The
results of this study provide an evidence base to inform
organizational practice and policy revisions. Practical and
effective approaches to assure easy access to and availability
of clean reusable respiratory protective devices will facilitate
inclusion of elastomeric respirators in health care RPPs. That
done, reusable elastomeric respirators can effectively serve as
one solution to the predictable N95 filtering facepiece
respirator shortages occurring during pandemics and as a
dependable form of routine hospital respiratory protection.
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