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REPORT

Lessons learned in establishing and sustaining elastomeric half mask 
respirator-based respiratory protection programs: An impact evaluation

Emily J. Haas and Mihili Edirisooriya 

National Personal Protective Technology Laboratory, National Institute for Occupational Safety and Health, Pittsburgh, Pennsylvania 

ABSTRACT 
Developing and overseeing Respiratory Protection Programs (RPPs) is crucial for ensuring 
effective respirator use among employees. To date, a gap exists in research that focuses on 
elastomeric half mask respirators (EHMRs) as the primary respirator in health delivery set
tings which would necessitate additional considerations in RPPs beyond the more common 
N95 filtering facepiece respirators. This paper presents lessons learned during a one-year 
impact evaluation with healthcare and first responder settings that received EHMRs from 
the Strategic National Stockpile in 2021 and 2022. The study explored the advantages and 
disadvantages associated with EHMRs and the challenges related to establishing, imple
menting, maintaining, and sustaining EHMR-based RPPs. Data was received from 42 organi
zations that participated in EHMR demonstration projects to address (1) the most important, 
perceived, elements and practices of an EHMR-based RPP to support a long-term program; 
and (2) differences in perceptions of the most important elements and practices based on 
organizational and company size (i.e., small, medium, and large). Sustaining an EHMR pro
gram was considered the most important area to focus future efforts (M¼ 2.94; SD ¼ 1.12 
on a 4-point scale), followed by daily maintenance of the program (M¼ 2.72; SD ¼ 0.974), 
development and implementation of the program (M¼ 2.42; SD ¼ 1.05), and access to 
EHMRs (M¼ 1.91; SD ¼ 1.11), respectively. Findings also revealed statistically significant dif
ferences in perceptions based on organization size, particularly in access to EHMR models/ 
designs. Results underscored the significance of user accountability, organizational support, 
and culture in EHMR-based RPPs to support emergency preparedness efforts.
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Introduction

Developing and overseeing respiratory protection pro
grams (RPPs) is important to reinforcing effective res
pirator use among employees with these respirators 
serving as a last line of defense within the hierarchy of 
controls (Brown et al. 2018). Part of the Occupational 
Safety and Health Administration (OSHA) respiratory 
protection standard (29 CFR 1910.134) requires that 
organizations have written RPPs outlining fit testing 
and training procedures for employees, among other 
elements (OSHA 1910). Most healthcare and first 
responder settings include the use and fit testing of the 
more common disposable N95 filtering facepiece res
pirator (FFR). However, reusable elastomeric half mask 
respirators (EHMRs) trigger the need to include add
itional information in the RPP such as disinfection, 
maintenance, and storage requirements between 
patients and at the end of shifts.

To date, few healthcare settings have switched to 
EHMRs as their primary respirator, limiting the 
findings and lessons learned around sustaining an 
EHMR-based RPP. This gap in research to practice is 
important because, until EHMRs are proactively 
incorporated into RPPs to support routine use, organ
izations may continue to be more reactive than pro
active during public health emergencies when 
disposable FFRs are insufficient in supply (Alper et al. 
2023). Therefore, this study shares lessons learned 
during an impact evaluation with healthcare (i.e., hos
pitals, dental clinics, and long-term care facilities) and 
first responder (i.e., fire/police and other emergency 
medical services [EMS]) settings that deployed 
EHMRs and provided longitudinal feedback about 
their experiences and user self-perceptions. First, 
advantages and disadvantages associated with incorpo
rating EHMRs are discussed and second, background 
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information is provided about the impetus for a series 
of one-year EHMR demonstration projects.

EHMR integration in health delivery settings

Studies have documented the use of EHMRs during N95 
FFR shortages as far back as the H1N1 Influenza in 2009 
(e.g., BREATHE, Department of Veterans Affairs 2009; 
Hines et al. 2017; Lawrence et al. 2017), revealing consistent 
advantages and disadvantages. Cost-efficiency in combin
ation with environmental sustainability and supply chain 
resilience are consistent advantages referenced. Specifically, 
although EHMRs have a higher upfront cost their procure
ment has been found to be more cost-effective long-term 
(Chalikonda et al. 2020; Ramsdell et al. 2023). Additionally, 
stockpiled EHMRs can decrease organizational reliance on 
N95 FFRs, which are susceptible to shortages during surges 
in demand – as revealed among healthcare and first 
responder settings and other nationwide analyses (Alper 
et al. 2023; NASEM et al. 2019). Further, EHMRs can con
tribute to environmental sustainability by generating less 
waste, which has been raised as a global waste management 
system issue (Calma 2020). One study found that health
care personnel (HCP) valued being able to minimize envir
onmental impacts so long as their respirator is protective 
and functional (Venesoja et al. 2021).

Additionally, research has shown that HCP and first 
responders often perceive a higher sense of protection 
while using EHMRs than with N95 FFRs and, despite 
being less comfortable, they preferred EHMRs during 
higher-risk scenarios (Hines et al. 2019a; Ramsdell et al. 
2023). However, EHMR use has been formidable to sus
tain, in part because employees prefer the convenience 
of disposable FFRs. Consequently, this preferred use has 
been found to wane once higher-risk scenarios subside, 
minimizing the perceived need for “extra” protection 
(Hines et al. 2017, 2019a; Brosseau et al. 2021).

Similarly, issues related to worker accountability 
around cleaning, disinfection, and maintenance of 
EHMRs have been identified as an ongoing barrier to 
sustainability regardless of organization size and type 
(Brown et al. 2018; Hines et al. 2019b, 2020, 2023; 
Brosseau et al. 2021; Thurman et al. 2023). In summary, 
individual-level factors such as employee accountability 
around cleaning and decontamination, storage, and per
ceptions of risk continue to dominate as barriers to sus
tainable EHMR practices (Hines et al. 2017).

Organizational maintenance and sustainability

As already noted, there are isolated studies of EHMR use 
in healthcare (Hines et al. 2021) and first responder 

(Tracy 2020) settings demonstrating individual- and 
organizational-level barriers to EHMR use. However, 
research to date has incompletely moved past the initial 
identification of barriers to present lessons learned and 
possible solutions that can be operationalized for wide
spread implementation through an EHMR-based RPP 
that is supported by management. Specifically, longitu
dinal data collected at the organizational level has been a 
gap in the research-to-practice literature. The longitu
dinal nature of research documenting EHMR experien
ces at the organizational level is imperative to track the 
variables that may impact not only adoption barriers but 
also maintenance of EHMRs at unique organizations of 
varying sizes and locations (NASEM et al. 2019).

To support a shift in the types of respiratory pro
tection procured and implemented, it is necessary to 
assess organizational- and individual-level experiences 
over time. To the authors’ knowledge, few studies 
have aimed to understand the evolution of EHMR- 
based RPPs in healthcare environments (i.e., Hines 
et al. 2017; Brown et al. 2018). Although useful, these 
case examples did not identify and discuss specific 
RPP elements and practices as leading indicators to 
improve program effectiveness and sustainability. 
Leading indicators reflect workplace activities that are 
aimed at improving safety and health via a proactive 
management system (Reiman and Pietik€ainen 2012). 
A lack of proactive, leading indicators (such as those 
entailed in an RPP) has been deemed a critical prob
lem in occupational safety and health management 
(Laitinen et al. 2013).

Research objectives
The current study empirically identified challenges 
around establishing, implementing, maintaining, and 
ultimately sustaining an EHMR-based RPP in a var
iety of health delivery settings. Research questions 
were based on data collected from 42 organizations 
that participated in EHMR demonstration projects for 
one year:

� What are the most important perceived elements 
and practices of an EHMR-based RPP to support a 
long-term program?

� Are there significant differences in perceptions of 
the most important elements and practices based 
on size (i.e., small, medium, and large) at the site- 
specific and entire company levels?

� Based on the above results, what are the possible 
barriers and solutions involved with sustaining an 
EHMR-based RPP?
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EHMR demonstration project background

In 2021, the Strategic National Stockpile (SNS) sought 
to stockpile EHMRs to alleviate N95 FFR shortages. 
To inform a request for proposals from manufac
turers, the National Institute for Occupational Safety 
and Health (NIOSH) and the SNS collaborated to 
draft and post a federal register notice (85 FR 56618, 
Vol. 85, No. 178) to ascertain the willingness of 
organizations to use EHMRs, experiences using 
EHMRs, and perceived concerns and advantages to 
their use (see Haas et al. 2021). However, a majority 
of the 22 public comments affirmed the need for 
EHMR designs without an exhalation valve (EV) or 
with an exhalation valve filter (EVF). This design fea
ture was a relevant concern during the COVID-19 
pandemic because of general source control in all 
environments especially in sterile work settings 
(Fernando et al. 2021).

Source control refers to the filtering of respiratory 
secretions to prevent the transmission of disease 
agents from the source person to others. Based on 
industry needs, some EHMR manufacturers re- 
designed respirators to protect the wearer and provide 
adequate source control to protect others (Greenawald 
et al. 2021). From the time this federal register notice 
was posted to when it closed, several NIOSH- 
approved EHMRs without an exhalation valve or with 
a filtered exhalation valve had come to market 
(Greenawald et al. 2021).

The SNS used the public comments to inform and 
solicit open proposals, eventually purchasing 375,000 
EHMRs without exhalation valves or with exhalation 
valve filters from three manufacturers. Following pub
lic requests from U.S. health delivery settings, the SNS 
shipped approximately 96,511 EHMRs to 49 organiza
tions. After these organizations received EHMRs from 
the SNS, points of contact who were overseeing distri
bution were invited to provide feedback about their 
organization’s experiences. Participation was voluntary 
and could consist of making an online survey avail
able to employees who were fit tested for an EHMR, 
or for organizational leaders (hereafter referred to as 
points of contact [POC]) who oversaw aspects of fit 
testing, training, dissemination, or oversight, to par
ticipate in virtual interviews and an impact evaluation 
survey.

Forty-three organizations volunteered to partici
pate. Cumulatively, these organizations received 
52,291 EHMRs from the SNS. Of the 43 organizations, 
approximately 48% represented healthcare settings 
and 52% represented first responder settings. Further, 
approximately 23% of these organizations (n¼ 10) 

had previous experience using EHMRs in their setting 
and almost 77% (n¼ 33) had no organizational 
experience using EHMRs. Other data collected during 
the year-long project are published elsewhere (Haas 
et al. 2024a, 2024b, in press).

Methods

This study focused on the results of an impact evalu
ation survey with POCs approximately one year after 
the receipt of EHMRs from the SNS. This activity was 
reviewed and approved by the CDC as exempt human 
subjects research.1

Instrument and data collection

Using qualitative data collected (Haas et al. 2024a), 
researchers identified four programmatic elements and 
several practices within these elements that were con
sistent challenges for organizations throughout the 
year. The elements and practices were used to develop 
an impact evaluation survey in which POCs were 
asked to rank the challenges that were most important 
to address and overcome in supporting a long-term 
EHMR-based RPP. Specifically, respondents were 
asked to “Rank the overarching elements in terms of 
importance when it comes to sustaining an EHMR 
program in healthcare/first responder organizations.” 
Then, within each of the four elements, specific prac
tices were listed that were again, requested to be 
ranked in order of importance based on experiences 
overseeing their organization’s EHMR program. The 
four elements are listed below with the number of 
practices that were assessed within the element in 
parentheses. Refer to Table 1 for a list of the practices 
within each element:

� Access to EHMR models/designs (six practices)
� Develop and implement an EHMR program (nine 

practices)
� Daily maintenance of an EHMR program (nine 

practices)
� Sustainability of an EHMR program post-pandemic 

(ten practices)

After ranking the elements and respective practices, 
several open-ended questions were asked to better under
stand the challenges and suggestions to sustain EHMR- 
based RPPs. Respondents were also asked to share their 
job title and role in the EHMR demonstration effort, and 
more information about their organization, including 
the number of employees at their specific site and 
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approximately, across their entire company. Specifically, 
during the qualitative data collected throughout the lon
gitudinal study, references to organization size were ref
erenced as a mechanism that influenced easier access to 
resources such as respiratory protection and fit test train
ing, as well as communication that was developed and 
disseminated as a part of the EHMR rollout across partic
ipating sites (Haas et al. 2024a).

Therefore, the difference in site-specific and com
pany-wide size may influence the structural gaps or 
proficiencies in roles, work processes, accountabilities, 
etc. just as the size of the employer may impact the 
level of resources necessary to develop, implement, 
and support a program long term. Consequently, it 
was important to understand the nuances of size at 
different levels of a company to ascertain if different 
barriers exist across different levels of organizational 
preparedness and response.

POCs were emailed a public survey link via CDC’s 
REDCap (Harris et al. 2009, 2019) between September 
15 and November 15, 2022. The email also explained 
the purpose of the survey, that participation was vol
untary, and that participants could exit the survey at 
any time without penalty. The survey took approxi
mately 30 min to complete.

Sample

Researchers used the convenience sample of 43 hospi
tals, dental clinics, long-term care facilities, ambula
tory units, and fire/police departments that received 
EHMRs from the SNS for this study. Five settings 
were unable to deploy the EHMRs but were still 
invited to participate in pre- and post-data collection, 
including this survey. There were 42 organizational 
responses (97.7% response) that represented positions 

Table 1. Importance rankings for practices within each element.
Practices for: Access to EHMR models/design on a Scale of 1 to 6� Practice Rank within Element

Other new design features resulting in improved comfort or use 1
Durability of EHMRs in the work environment 2
Ability to obtain EHMR replacement parts and accessories 3
Access to EHMRs without an exhalation valve or with a filtered exhalation valve 4
Initial procurement of sizes 5
Availability of manufacturer-specific information 6

Practices for: Develop and implement an EHMR program on a Scale of 1–9� Practice Rank within Element

Time to adequately fit test employees 1
Commitment of the organization to ensure safety and wellbeing 2
Access to fit testing resources (equipment, space, personnel) 3
Updates to an RPP or other directives 4
Ability to hire appropriate staff to address EHMR program needs 5
Use of a top-down approach to distribute EHMRs (i.e., fit test all employees around the same time) 6
Selection of jobs appropriate for EHMR use 7
Use of a bottom-up approach to distribute EHMRs (i.e., start with a small group(s) of  

employees to fit test and trial first)
8

Guidance on scenarios for which an EHMR can be used 9

Practices for: Daily maintenance of an EHMR program on a scale of 1–9� Practice Rank within Element

Ability for the workforce to overcome design-specific EHMR barriers to use (e.g., communication  
issues, moisture build-up, etc.)

1

Ensure individual efficacy around using EHMRs 2
Ability for the organization to overcome cultural barriers to use (e.g., preference for disposable N95  

respirators, resistance to change, group participation)
3

Oversight of proper cleaning, disinfection, and storage 4
Ability to provide proper storage for EHMRs 5
Ability to guide how to clean and disinfect EHMRs 6
Ability to hire appropriate staff to address EHMR program needs 7
Ability to guide cartridge/filter change out and maintenance/storage 8
Procurement of appropriate/approved cleaning, disinfection, and storage products 9

Practices for: Sustainability of an EHMR program on a scale of 1–10� Practice Rank within Element

Individual EHMR user accountability (e.g., proper cleaning, disinfection, and storage) 1
Organizational support for EHMRs as a routine respiratory protective device 2
Standardization and predictability of respiratory supply chain 3
Employee confidence in EHMRs to protect against inhalation hazards 4
Continued design improvements (e.g., speech diaphragm) 5
Leader modeling/other champions to support EHMR use 6
Ability to hire appropriate staff to address EHMR program needs 7
Financial costs associated with procuring EHMRs 8
Eventual cost savings/reduction in waste of disposable N95 respirators 9
Other updated guidance 10
�1 represents the most important practice to consider with each element.
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ranging from frontline and managerial roles such as 
fire chief, health nurse, paramedic supervisor, and 
industrial hygienist to more executive and director 
roles. Specifically, 13 respondents reported frontline 
roles in the fire services including assistant/deputy 
chief or chief, captain, sergeant, or fire marshal; 11 
reported director or vice president-level positions such 
as director of employee health, clinical operations, sys
tem infection prevention, environmental, health, and 
safety, supply chain, or ambulatory care; seven indi
cated they were a manager in some capacity ranging 
from managing industrial hygiene to environmental 
safety and risk; six reported being frontline roles 
including paramedics and registered nurses; and five 
reported serving in a coordinator or liaison role for 
emergency response, risk, safety, or environmental 
engineering.

As reported earlier, approximately 23% of the par
ticipating organizations had previous experience using 
EHMRs in their settings. Of the respondents who par
ticipated, representing their organization, however, 
31% (n¼ 13) indicated they had previous experience 
implementing and overseeing the use of EHMRs 
among employees and 69% (n¼ 29) did not have this 
experience. This means that some respondents may 
have had experience using EHMRs at a previous job.

Analysis

Before completing analyses, researchers checked the 
data with attention to any differences between the 
participating healthcare and first responder settings. 
Our t-tests showed that the elements and practices 
were not statistically significantly different from each 
other (adjusted p< 0.0125) in relation to the mean 
perceived, ranked importance. Consequently, one 
aggregate group was retained for this study. In add
ition, a univariate analysis of variance (ANOVA) 
showed no statistically significant difference between 
the EHMR model(s) that organizations reported 
receiving vs. the rankings they provided. So, future 
analyses examining the EHMR model as a possible 
covariate were not performed.

For the first question, which was to understand the 
most important elements and respective practices 
within those elements, researchers calculated the aver
age (i.e., mean [M]) score for each element and prac
tice. For the second question, which was to determine 
if organizational size—as measured by (1) employees 
at their specific site and (2) employees at the entire 
company across locations—had an impact on the per
ceived importance of the elements and practices, 

ANOVA tests were completed. Variances were 
checked for homogeneity using Levene’s test. Games- 
Howell post hoc comparisons were performed and 
used for non-significant Levene’s test results. Post hoc 
analyses using Games-Howell indicated where the dif
ferent sizes were statistically significantly different 
from each other, if applicable. Data analysis was per
formed using IBM SPSS 26.

Results

Descriptives

Respondents were also asked to provide what role(s) 
they had in their organization’s EHMR demonstration 
project throughout the year. Examples provided were:

� RPP administrator including education and updates 
made to the program.

� Designed and led the implementation of the EHMR 
program and ensured employee compliance.

� Developed and facilitated fit testing and other 
training, including how to clean and store EHMRs.

Respondents were asked how many individuals 
were fit tested to an EHMR throughout the year. 
Researchers compared the number reported with the 
initial amount that was requested. Approximately 31% 
of the EHMRs that were shipped from the SNS were 
assigned to employees after they were fit-tested.

Respondents also reported what type of respirator was 
currently being used as their primary form of respiratory 
protection. At baseline, there were no organizations pri
marily using EHMRs. Of the 42 responses in the one- 
year survey, 66.7% (n¼ 28) were primarily using N95 
FFRs; 21.4% (n¼ 9) primarily using EHMRs; 9.5% 
(n¼ 4) primarily using something else; and 2.4% (n¼ 1) 
were using no respiratory protection. Respondents were 
also asked to report employee perceptions of EHMRs, 
based on their own observations. Of the 42 responses, 
42.9% (n¼ 18) observed that the EHMRs were more 
comfortable than employees expected; 16.7% (n¼ 7) 
observed the EHMRs were less comfortable than they 
expected; and 40.5% (n¼ 17) observed that the comfort 
level was what employees expected.

Organization size was ascertained by asking 1) At just 
your specific location where EHMRs were distributed, 
what is the total number of persons who work there? 
Responses were categorized into three sizes. First, 50% of 
the organizations (n¼ 21) reported having 1–99 employ
ees, which was designated as a small organization; 21.4% 
(n¼ 9) employed 100–999 employees, designated as 
medium size; and large organizations were categorized as 
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employing more than 1,000 employees, which was 28.6% 
(n¼ 12) of the sample.

Perceived importance of elements

First, looking at the overall ranks of the four elements, 
sustaining an EHMR program was considered the 
most important area to focus future efforts (M¼ 2.94; 
SD ¼ 1.12 on a 4-point scale), followed by daily 
maintenance of the program (M¼ 2.72; SD ¼ 0.974), 
development and implementation of the program 
(M¼ 2.42; SD ¼ 1.05), and access to EHMRs 
(M¼ 1.91; SD ¼ 1.11), respectively. Table 2 shows the 
averages for each element based on organizational size 
(i.e., small, medium, and large).

A one-way ANOVA identified differences in rank
ings among the four elements based on organizational 
size for both the specific site location where deploy
ment occurred and based on the total number of 
employees across the company’s locations. Table 3
shows that ranking for “Access to EHMR models/ 
designs” was statistically significantly different among 
the organization categories based on size.

Post hoc analyses using Games-Howell showed that 
large organizations were statistically significantly differ
ent when compared to small- and medium-sized organ
izations (small: p¼ 0.001 and medium: p¼ 0.015). In 
other words, large organizations did not perceive their 
ability to obtain and make EHMRs available as an 
important challenge that needed to be addressed when 
compared to smaller- and medium-sized organizations.

Perceived importance of element practices

Respondents rank ordered practices within each elem
ent based on perceived importance to sustain an 
EHMR program. The ranks for each set of practices 
within the four elements are shown in Table 1. The 
practices are listed by ranking—rather than averages— 
with “1” indicating the most important. The ranking 

is presented rather than averages to aid interpretation. 
Also, significant ANOVA results followed by post hoc 
analyses indicated very few statistically significant dif
ferences among small, medium, and large organiza
tions when comparing the rankings, minimizing the 
need to report averages and standard deviations for all 
practices. See the supplementary information for the 
practice averages that informed the ranking list in 
Table 1.

First, regarding access to EHMR models and designs, 
having access to EHMRs that are comfortable was ranked 
the most important factor. However, EHMR durability 
and the ability to secure replacement parts for EHMRs 
also ranked high. Second, when considering practices 
to support the development of an EHMR program, 
respondents felt that time to adequately fit test employees 
was most important; however, the second most impor
tant practice was the “commitment of the organization 
to ensure safety and wellbeing.” Next, respondents 
ranked the ability of the workforce to overcome design- 
specific EHMR barriers to use such as communication 
and moisture build-up as the most important aspect for 
organizations trying to maintain a program. Ensuring 
individual efficacy around using EHMRs, as well as the 
ability of organizations to overcome cultural barriers to 
EHMR use, were the second- and third-ranked areas of 
importance. Last, individual user accountability of 
EHMRs including proper cleaning and disinfection was 
ranked most important to support program sustainabil
ity. Organizational support for EHMRs as routine 
respiratory protection was the second most important 
practice for program sustainability.

Table 2. Averages for each element based on organizational size with higher averages (closer to 4) rep
resenting greater perceived importance of the element.

Organization size Mean SD

Importance Rank for Access to EHMRs 1–99 2.06 0.998
100–999 2.75 1.28
1,000þ 1.00 0.000

Importance Rank for Develop implement program 1–99 2.67 1.138
100–999 1.63 0.744
1,000þ 2.60 0.843

Importance Rank for Daily maintenance of program 1–99 2.67 1.085
100–999 2.38 0.916
1,000þ 3.10 0.738

Importance Rank for Sustainability of program 1–99 2.61 1.243
100–999 3.25 10.35
1,000þ 3.30 0.823

Table 3. ANOVA results for most important elements.

Elements

Organization size

F(2,33) p�

Access to EHMR models/designs 8.298 0.001
Develop and implement an EHMR program 3.31 0.049
Daily maintenance of an EHMR program 1.312 0.283
Sustainability of program 1.66 0.206
�Statistical significance at the p< 0.0125 level.
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Discussion

Current results give insight into why developing and 
adhering to certain procedural aspects within an RPP 
is an ongoing challenge. Because sustainability was 
ranked as the most important element to support an 
EHMR-based RPP, its top-ranked practices are dis
cussed. Also, because access to EHMR models and 
designs was the only statistically significant difference 
when looking at small, medium, and large organiza
tions, implications around organization size are high
lighted. Last, high-ranking practices from the other 
elements are noted to inform future directions. 
Respondents’ feedback reported in the open-ended 
portion of the survey is used to further elucidate these 
descriptive results.

EHMR-based RPP sustainability

User accountability was perceived as the most impor
tant challenge among respondents in sustaining their 
organization’s EHMR program. Specifically, respond
ents recorded sentiments about the difficulties in 
“holding staff accountable for disinfection and main
tenance” (Organization 40). These results support pre
vious research highlighting user accountability as a 
consistent challenge (Brown et al. 2018; Hines et al. 
2019a; Brosseau et al. 2021; Hines et al. 2023; 
Thurman et al. 2023). However, the open-ended feed
back also noted the importance of moving beyond 
individual cleaning and disinfection toward a more 
systems level of maintenance – much like what other 
large healthcare systems have done in central sterile 
processing (i.e., Hines et al. 2021).

Other respondent feedback noted the need to better 
“Train key personnel who can assist with group buy- 
in and developing specific types of messaging to 
enhance user accountability” (Organization 39). 
Previous efforts showed that employee onboarding 
that opted to fit test using EHMRs rather than N95 
FFRs was perceived to improve knowledge and 
expectations around EHMR use (Haas et al. 2023). 
Therefore, it is possible that not only improving the 
quality of training but strategically providing EHMRs 
to employees as a part of the culture, may help pro
gram sustainability and showcase the organization’s 
support for EHMRs – which was another high-rank
ing practice in this element. Specific to organizational 
buy-in and support, research (Haas et al. 2024a, 
2024b) has shown that effective communication from 
leadership can encourage EHMR adoption and 
employee accountability. Therefore, if leadership sup
port is an element that can be improved to support 

workers, a primary challenge remains how to identify 
and mitigate other organizational or institutional-level 
barriers.

Proactive communication, leadership, and 
preparedness
As discussed earlier, during higher-risk scenarios, 
HCP and first responders have typically preferred 
EHMRs (Hines et al. 2019a; Ramsdell et al. 2023). 
Other research has shown that perceived risk toward 
exposure influences decision-making around respira
tory protection as well as organizational reinforcement 
of PPE use (Chu et al. 2021; Haas et al. 2022). To 
help combat the ebb and flow of perceived risk and 
subsequent respirator use, organizations may need to 
develop messages that speak to overall employee 
health. Some respondents noted the value of reiterat
ing the importance of respiratory protection to pre
vent exposure to other viruses that may result in a 
typical cold (Ramsdell et al. 2023a). In other words, 
EHMRs can be used anytime, not only during a pan
demic or public health emergency. The availability of 
EHMRs may help send the message that employee 
health is paramount for frontline workers to remain 
protected if respirator shortages occur.

However, changes in perceived risk can also influ
ence organizational decision-making and support for 
EHMRs—ranked as the second most important prac
tice within the sustainability element. Respondents 
noted in their feedback that the execution of their 
RPP and EHMR program “became laxer over time”— 
which supports the need for organizational support as 
an important practice within program sustainability 
(Organization 28). Consequently, ensuring that proce
dures and processes are proactive and risk-based vs. 
more prescriptive may enhance an EHMR-based RPP. 
Examples provided in the survey included situating 
EHMRs in their RPP before supply chain issues 
occurred, practicing with these EHMRs in similar 
scenarios to accurately predict communication issues, 
and proactively getting leadership buy-in that could 
enhance daily oversight of the program.

The third-ranked practice within program sustain
ability was standardization and predictability of the 
respiratory supply chain. Several respondents noted 
the reactive nature of their organization based on the 
availability or lack of supplies. Many respondents felt 
that if EHMRs were stockpiled, the uptake by organ
izational leadership and employees would have been 
better – some indicating that EHMRs would be the 
go-to PPE among frontline workers during routine 
operations. As one respondent wrote in the survey 
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feedback, “We will now always fit test and stockpile 
EHMRs” (Organization 21). Notably, recommenda
tions to stockpile EHMRs have been made during pre
vious pandemics and it has been shown that rapid 
EHMR training and fit testing is feasible during public 
health emergencies (Shaffer and Janssen 2015; 
Pompeii et al. 2020).

Other researchers have made similar arguments, 
noting that, even if the regular use of EHMRs does not 
occur during routine times, introducing and perhaps 
fit-testing reusable respirators into health settings now, 
along with stockpiling, can help increase resiliency 
(Hicks et al. 2021). Fortunately, several large hospitals 
have completed widespread distributions of EHMRs 
and developed implementation guidelines for organiza
tions to reference (Chalikonda et al. 2020; Hines et al. 
2021). Smaller organizations may not have the capacity 
to overhaul work processes and update all aspects of an 
RPP but can scale their efforts over time. Based on the 
barriers that organizations encountered throughout 
this study from procurement to implementation, these 
results provide the opportunity for those overseeing 
RPPs or their organization’s supply chain to take a pro
active approach to ensure not only worker health but 
future pandemic preparedness. A plethora of research 
discussed throughout this paper has provided resources 
and support for integrating EHMRs but has also shown 
the value of adopting a stockpile of EHMRs for pan
demic preparedness.

Differences in organization size

Large organizations ranked the availability or ease of 
obtaining EHMRs as being statistically significantly 
less important than small- and medium-sized organi
zations. Even though comparing rankings based on 
organization size did not reveal many statistically sig
nificant differences, the differences in element aver
ages (refer to Table 2) indicates that this factor may 
impact the ability to effectively procure, develop, 
implement, and sustain an EHMR-based RPP. Several 
respondents indicated in open-ended feedback that 
limited personnel and staff stifled their internal cap
acity to provide fit testing as required in the RPP. 
This finding aligns with other research showing that 
smaller organizations lack resources to devote to non- 
production-related activities (Champoux and Brun 
2003; Hasle and Limborg 2006).

Additionally, five organizations were unable to 
deploy EHMRs received from the SNS – these organi
zations were comprised of rural hospitals or fire 
departments that did not have “access to proper 

medical clearance evaluations on-site or the ability to 
procure additional fit testing supplies” (Organization 
86). Specifically, the feedback from these organizations 
unable to deploy EHMRs showed that resources 
beyond merely procuring EHMRs and undergoing fit 
testing with employees are needed. Rather, compliance 
with all aspects of OSHA’s respiratory protection 
standard (29 CFR 1910.134) such as employee medical 
clearance to use tight-fitting respirators; procedures 
for cleaning, disinfecting, storing, inspecting, and 
maintaining respirators; to ongoing training and 
annual fit testing are all aspects of an RPP that help 
ensure effective respirator use. These findings demon
strate the need to ensure equitable availability of PPE, 
supplies, and even resources such as training pro
grams, across public health systems.

Alternatively, in the current study respondents who 
represented large organizations ranked aspects of pro
gram maintenance and sustainability as more impor
tant, although there was no statistically significant 
difference among the sizes. Larger organizations often 
have higher rates of employee participation in safety 
and health committees (Liu et al. 2010); however, 
employee participation often entails more routine pol
icies and procedures, which can make it harder to sus
tain employee engagement over time (Wachter and 
Yorio 2014; Haas et al. 2022). An example in the cur
rent study would be the lack of ongoing participation 
in user disinfection and maintenance of EHMRs – 
requiring the need for Central Sterile Processing at 
the organizational level.

Similarly, safety and health management in large 
companies is often more complex than in small ones 
(Brooks 2008). These differences may be why smaller 
organizations are often able to communicate more 
effectively or develop proactive approaches dissemi
nated through personal contact (Wachter and Yorio 
2014). Consequently, large organizations may need to 
take a more conscious, proactive approach to encour
aging workers’ participation in RPPs, including identi
fying and reminding employees of tasks and 
procedures that require respiratory protection.

Limitations

This study has several limitations. First, the conveni
ence sample consists of individuals representing 
healthcare and first responder settings, making it 
inappropriate to extend the findings to these specific 
industries or other sectors. Additionally, participating 
organizations only received EHMRs without an exhal
ation valve or with a filtered exhalation valve. 
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Although these EHMRs models were likely required 
to be used in sterile environments, their design, which 
was noted as a top challenge by participating organi
zations, might have influenced the results. Specifically, 
wearing an EHMR without an EV or with an EVF has 
been shown to produce more excess moisture and 
buildup in comparison to wearing an EHMR with an 
exhalation valve (Haas et al. in press). Consequently, 
if different EHMR model types were included in this 
study, feedback around design and usability may have 
been ranked differently.

Organizations also implemented elastomerics on 
their own timeline for one year, limiting comparisons. 
Also, the sample size was small, further limiting the 
ability to make statistically significant comparisons in 
the data – hence the primary reporting of descriptive 
results. Without the ability to demonstrate statistical 
significance, the results must be interpreted with cau
tion. These results are subject to self-reporting bias. 
Additionally, due to various contextual factors, strat
egies effective for certain organizations may not apply 
to others. Moreover, considering the inclusion of 
organizations from 16 states, the requirements for 
RPPs may have differed. While all participating organ
izations acknowledged compliance with federal RPP 
requirements (1910.134), variations in requisites may 
have arisen due to state and company directives.

Conclusion

This study illustrated tangible and intangible considera
tions for organizations that want to support the routine 
use of EHMRs. Results showed varying perceptions 
among different-sized organizations when considering 
the procurement, development, and maintenance of an 
EHMR-based RPP, demonstrating the importance of 
subjective perceptions in informing programmatic bar
riers and brainstorming solutions. For example, the par
ticipating organization may have been smaller – 
operating in a more suburban area – but been one of sev
eral organizations that fall under the same, large 
employer. In this case, even though site-specific resources 
may have been limited, it still might have been easier to 
procure necessary supplies when needed. Consequently, 
standardized implementation approaches are likely not 
practical; however, this study revealed commonalities 
across health delivery systems and provides an impetus 
to engage in leading (i.e., proactive) practices to improve 
the execution and sustainability of EHMR-based RPP 
processes to support user accountability and confidence, 
as well as organizational support and culture toward 
respiratory protection. Specifically, because external 

factors such as employer size and supply chain demand 
are beyond healthcare industry control, practices around 
organizational commitment to proactively preparing for 
and integrating reusable respiratory protection and 
worker engagement are important considerations to 
improve emergency preparedness and worker health.
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