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Respiratory Protection Considerations
for Healthcare Workers During the COVID-19 Pandemic
Christopher R. Friese, Tener Goodwin Veenema, James S. Johnson, Sundaresan Jayaraman,
James C. Chang, and Linda Hawes Clever

The COVID-19 pandemic has resulted in a surge of patients that exceeds available human and physical resources in
many settings, triggering the implementation of crisis standards of care. High-quality respiratory protection is essential to
reduce exposure among healthcare workers, yet dire shortages of personal protective equipment in the United States
threaten the health and safety of this essential workforce. In the context of rapidly changing conditions and incomplete
data, this article outlines 3 important strategies to improve healthcare workers’ respiratory protection. At a minimum,
healthcare workers delivering care to patients with confirmed or suspected COVID-19 should wear N95 respirators and
full-face shields. Several mechanisms exist to boost and protect the supply of N95 respirators, including rigorous
decontamination protocols, invoking the Defense Production Act, expanded use of reusable elastomeric respirators, and
repurposing industrial N95 respirators. Finally, homemade facial coverings do not protect healthcare workers and should
be avoided. These strategies, coupled with longer-term strategies of investments in protective equipment research,
infrastructure, and data systems, provide a framework to protect healthcare workers immediately and enhance preparedness efforts for future pandemics.
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T

he health and well-being of our healthcare workers determine our nation’s health, security, and economic prosperity. In the United States, an alarming
number of healthcare workers have been stricken by
COVID-19. Across 10 states that conduct detailed track-

ing, healthcare workers comprise between 4.4% and 20%
of diagnosed cases,1 and across the globe, more than 100
healthcare workers have died from COVID-19.2 Escalating
infections and related fatalities of healthcare workers
threaten the capacity of the US healthcare system to care for

Christopher R. Friese, PhD, is Elizabeth Tone Hosmer Professor of Nursing, Health Management & Policy, University of Michigan,
Ann Arbor, MI. Tener Goodwin Veenema, PhD, is Professor of Nursing and Public Health, Johns Hopkins School of Nursing and
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD. James S. Johnson, PhD, is with JSJ Consultants, Pleasanton, CA.
Sundaresan Jayaraman, PhD, is Kolon Professor, School of Materials Science and Engineering, Georgia Institute of Technology,
Atlanta, GA. James C. Chang, MS, CIH, is Director of Safety and Environmental Health, University of Maryland Medical Center,
Baltimore, MD. Linda Hawes Clever, MD, is President, RENEW, San Francisco, CA.
1

Downloaded by 94.204.233.65 from www.liebertpub.com at 04/25/20. For personal use only.

additional COVID-19 patients, as diagnoses increase at
a staggering pace and trigger the implementation of crisis
standards of care.3 This explosion is sending the care delivery system spiraling to unfathomable lows, with unknown consequences, especially since illness unrelated to
COVID-19 marches on, often unattended. Also, families
bear the brunt as healthcare workers fall ill.
Now is the time for action. COVID-19 transmission
among healthcare workers must be contained; other countries have succeeded with aggressive measures, including
meticulous respiratory protection.4 Respiratory protection
is challenging today, partly due to unforgiveable equipment
shortages and sparse COVID-19–specific research data to
inform infection control strategies. For example, the human infectious dose of SARS-CoV-2 and the modes of
transmission are still unknown. A National Academy of
Medicine rapid response report supports the possibility
that SARS-CoV-2 could be spread via bioaerosol particles
generated directly by patients’ exhalation.5 This is in addition to the spread posited through close contact and
droplet transmission, with fomite transmission likely.6
Respiratory protection is an essential component of risk
reduction. An N95 respirator is designed to reduce workers’
inhalation exposure to hazardous airborne particles, such as
SARS-CoV-2. In contrast, a surgical mask does not protect
healthcare workers from airborne hazards and is designed
to protect others from the wearer’s expired respiratory
droplets. Masks may offer limited barrier protection from
splashes and larger droplets.
As members of the 2018 National Academy of Medicine
Study Committee on the Use of Elastomeric Respirators in
Health Care,7 we were charged with exploring the feasibility of adopting reusable elastomeric respirators in a pandemic. Recently, 6 members of this committee voluntarily
reconvened (without an official National Academy request)
to review our original recommendations, meeting materials, and recent relevant published literature to respond to
the urgent need to protect healthcare workers.

Strategies to Improve
Respiratory Protection
Drawing from our summary of the existing information and
informed by our collective expertise, we posit 3 urgent
strategies and 4 longer-term actions to adopt to protect
healthcare workers from COVID-19 and future pandemics:
1. At a minimum, healthcare workers delivering care to
patients with confirmed or suspected COVID-19 should
wear N95 respirators and full-face shields. This recommendation is informed by the concerns for aerosol transmission reported by the National Academy of Medicine
Rapid Response team cited above and by published data
that document viral RNA airborne levels and detection on
numerous surfaces, including ventilator registers.6,8 While
2

we await robust experimental studies specific to live SARSCoV-2 virus, there is insufficient evidence to conclude that
surgical masks provide adequate protection against this
pathogen. We also urge that healthcare workers wear at least
N95 respirators and full-face shields when working in highrisk settings, such as emergency departments, where notably
ill patients may be infected with SARS-CoV-2 but not yet
diagnosed. While N95 respirators will provide better protection compared to surgical masks for healthcare workers,
it is unclear if the 95% protection level is adequate to
prevent infection, as the infectious dose for humans remains unknown. Respirators with higher levels of protection, such as powered air-purifying respirators, may be
needed to protect healthcare workers more fully, and this
approach should be investigated.
2. Boost and protect the supply of N95 respirators for
healthcare workers under the current crisis standard of
care scenario. Several US locations now exceed healthcare
system capacity, which compels the implementation of
crisis standards of care. Alarmed and outraged by local and
national reports of N95 respirator shortages,9 we outline
efforts to boost and protect respiratory protection supplies
for healthcare workers. These include:
! Expand research efforts to decontaminate used N95
respirators while preserving their protective features
and avoiding degradation. In addition to the Centers
for Disease Control and Prevention (CDC) Guidance
of N95 reuse (which includes extending expiration
dates), decontamination protocols, including hydrogen peroxide vapor, ultraviolet light, and heat, are
promising strategies to preserve existing N95s.10-12
! The president should exercise authorities under the
Defense Production Act to manufacture N95s and
other protective equipment and distribute them
to US healthcare workers. It is unlikely that new
decontamination methods will be available soon
and across all settings. Healthcare workers in lessresourced environments will remain at risk. The
status quo is unacceptable and tragic. Therefore,
N95 production must increase immediately.
Equipment distribution plans must be transparent
and informed by real-time demand. There is no time
to spare to ensure the long-term health and economic vitality of our country and, indeed, the world.
! Consider adopting reusable half-facepiece elastomeric respirators.7 Commonly used in nuclear
power and radiation industries, these respirators can
be reused if a rigorous cleaning and disinfection
protocol is in place. Elastomeric respirators are wellsuited for units that care exclusively for COVID-19
patients. Given postponed elective procedures,
central supply employees can be redirected to process and disinfect these respirators. One institution’s
protocol may be found in the appendix (see supplemental material at https://www.liebertpub.com/
doi/suppl/10.1089/hs.2020.0036).
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Augment existing supply of N95 respirators from
other sectors. During the pandemic, industrial N95
respirators can be used in place of surgical N95
respirators across healthcare settings, unless highvelocity blood spurts are possible.13

3. Homemade facial coverings offer no protection for
healthcare workers. Numerous worrisome reports reveal
that some healthcare settings have no respiratory protective
equipment for front-line employees. The World Health
Organization (WHO) discourages homemade facial coverings for healthcare workers.14 Bandanas and scarves are
woefully inadequate, because of concerns for moisture and
pathogen retention. In dire circumstances, certain materials
and design principles may improve the performance of
homemade facial coverings,15,16 but we emphasize that
homemade facial coverings do not protect healthcare
workers adequately against SARS-CoV-2. Institutions must
relentlessly secure sufficient supplies of rigorously tested
personal protective equipment. Our committee posited a
comprehensive framework for optimal respiratory protection for healthcare workers.7

Improving Future Pandemic
Preparedness
The 3 urgent strategies detailed above do not replace
the essential steps necessary to strengthen our response
to the next widespread infectious disease that will affect
the United States. Regrettably, expert reports in 2006
and 2008 that detailed essential strategies to improve
pandemic preparedness were not enacted.17,18 We cannot wait for the next pandemic to act. SARS-CoV-2 will
be in our communities—nationally and internationally—
for the foreseeable future, affecting vulnerable groups
the most. These include older adults, children, individuals who are incarcerated or experience home insecurity,
people with disabilities, and healthcare workers. To
strengthen subsequent responses and to save lives, we
recommend that the following actions commence immediately:
1. Substantial funding to develop and test better personal protective equipment specific to healthcare
settings and ascertain exposure levels across settings
and clinical procedures.19,20
2. Reinvest in, monitor, and replenish the Strategic
National Stockpile. Integrate these efforts with a reinvigorated Hospital Preparedness Program.21
3. Develop state-based data systems to track real-time
demand and supply for essential healthcare equipment during surge situations.
4. Establish 50-state tracking of healthcare worker
infections and mortality to monitor the impact of
healthcare worker protection efforts.
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Conclusions
The 3 urgent strategies, coupled with the 4 actions outlined
above, would immediately strengthen protection to the
estimated 18 million healthcare workers in the United
States. These measures would also position the nation favorably for the next pandemic. In the past, our nation has
faced catastrophic public health crises, only to emerge from
them stronger in terms of research and clinical care. Previously, these advances expanded globally, resulting in
improved health, prosperity, and safety. The same is possible from the COVID-19 pandemic, if health system
leaders and policymakers understand ‘‘the fierce urgency of
now‘‘ to protect healthcare workers and the American
public from current and future threats.
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