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A s the coronavirus disease 2019 (COVID-19) pandemic con-
tinues to grow, health care organizations have had to 
select appropriate personal protective equipment (PPE) 

for health care workers in the face of uncertainty and a strained 
supply chain. Although infection prevention and control experts 
have provided evidence-informed guidance, there has been sub-
stantial fear among health care workers that, owing to either 
policy or lack of supply, they may be left unduly exposed to trans-
mission events of severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), the virus that causes COVID-19.1 Droplet and 
contact precautions with a bundle of activities including hand 
hygiene and use of gloves, gowns, eye protection and medical 
masks are typically recommended to protect against respiratory 
viruses.2 N95 respirator use is generally recommended during 
aerosol-generating medical procedures such as intubation.3

Do these recommendations provide the protection from 
COVID-19 that health care workers need? We analyze perspectives 
on hospital-based PPE to inform decision-making and dialogue 
during the COVID-19 pandemic.

A history of current recommendations for PPE use 
by health care workers with respect to COVID-19

Transmissibility and virulence of a respiratory virus are both con-
siderations when selecting PPE. Whereas respiratory viruses such 
as rhinovirus or adenovirus tend to cause mild infections, SARS-
CoV-2 may cause severe or critical illness, with an increased mor-
tality risk among older people and those with comorbidities.4 
Deaths have occurred among health care workers, although at 
lower case-fatality rates than the general population.5 Further, 
the high death toll from COVID-19 in Canada has been driven by 
outbreaks at long-term care facilities, where patient manage-
ment procedures and PPE availability have varied greatly.6 Given 
the risk of severe illness and nosocomial spread, strong efforts 
should be made to minimize the risk of viral transmission in 
health care settings.

When COVID-19 emerged in Wuhan, China, PPE used to treat 
patients was complex and extensive — in the context of an 

unknown virus and limited information about its transmissibility, 
health care workers used double-gloving, full protective suits, 
goggles, surgical caps and N95 respirators.7 Despite these meas-
ures, thousands of health care workers acquired the virus.8 Many 
of these infections occurred early in the epidemic and most were 
likely community acquired.5 Guidelines from the US Centers for 
Disease Control and Prevention subsequently suggested that for 
general care of patients with COVID-19, basic PPE should include 
4 components: gloves, an isolation gown, goggles or a disposable 
face shield, and a medical mask or N95 respirator.9 They sug-
gested that a properly fitted N95 respirator was preferred, but if 
unavailable, a medical mask was appropriate for general care. At 
the same time, the World Health Organization and the Public 
Health Agency of Canada recommended reserving N95 respirators 
for aerosol-generating medical procedures and using medical 
masks in all other contexts.10–12 The Infectious Diseases Society of 
America recently released PPE guidelines assessed by the Grading 
of Recommendations Assessment, Development and Evaluation 
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KEY POINTS
• Guidelines for personal protective equipment (PPE) for the 

general care of patients with coronavirus disease 2019 (COVID-19) 
in acute care facilities recommend gloves, an isolation gown, eye 
protection, and a medical mask or N95 respirator.

• Given known transmission characteristics of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), N95 respirators 
are required only in the context of aerosol-generating medical 
procedures.

• With a limited supply of N95 respirators, organizations can 
choose among various strategies to ensure sufficient availability 
of respirators, each with advantages and drawbacks.

• More complex PPE regimens do not necessarily provide greater 
protection, and some may increase risks of self-contamination 
during doffing.

• Hospitals can use an integrated knowledge translation approach 
to PPE research and policy-making to build trust, ensure that 
health care workers have confidence in their PPE, and to quickly 
adopt new scientific findings into practice.
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(GRADE) tool, which suggested that either a medical mask or N95 
respirator may be used for care of patients with COVID-19 in the 
absence of aerosol-generating medical procedures.13

Is SARS-CoV-2 primarily transmitted by 
droplets or aerosols in most settings?

Patterns of transmission form the basis of guidelines for PPE 
usage. N95 respirators are recommended for aerosolized biohaz-
ards, whereas medical masks are recommended for droplets.14 
The available evidence for primary modes of transmission of 
SARS-CoV-2 strongly supports droplet and contact spread.13 In 
most circumstances, aerosol-based transmission is not thought 
to play a major role. There is indirect evidence for this: the R0 
(number of secondary infections for each case) of aerosolized 
viruses is typically very high, estimated at greater than 10 for 
measles.15 By contrast, the R0 for COVID-19 is estimated to be 
between 2.2 and 2.7, comparable to influenza and other droplet-
transmitted viruses.16 The absence of aerosol transmission is fur-
ther supported by the relatively low attack rate in households: 
about 10% of household contacts of cases become infected, 
much lower than would be expected with aerosol spread.17 When 
the virus is aerosolized in a laboratory setting using a 3-jet colli-
sion nebulizer, it can remain in aerosol form for several hours. 
However, these experimental conditions do not simulate aerosol-
generating medical procedures and are of little relevance to the 
clinical setting.18 A Chinese study found evidence of SARS-CoV-2 
genetic material in the air in 35% of intensive care unit (ICU) sam-
ples, but all air samples were negative in Singaporean and 
Iranian settings, and no study has confirmed the presence of 
infectious viral particles in the air.19–21

What evidence exists regarding the 
comparative effectiveness of medical masks 
versus N95 respirators?

Considerable data are available on the measures necessary to 
prevent hospital transmission of SARS-CoV, the virus that causes 
SARS. Case–control studies suggested the importance of hand-
washing, gloves, gowns, eye protection and medical masks in 
preventing infection among health care workers in Hong 
Kong.22,23 However, practices for management of patients with 
SARS in 2002–2003 varied in different settings, with 1 Toronto 
site requiring double-gloving and gowning, caps, goggles, shoe 
covers and a properly fitted N95 respirator.24 Multiple reports 
documented SARS-CoV transmission to health care workers 
despite the use of N95 respirators, however.25,26

After SARS, evidence accrued showing that medical masks 
were no different from N95 respirators for preventing viral res-
piratory infections as a component of the PPE during routine 
clinical care. A systematic review in 2016 concluded that 
although N95 respirators have greater efficacy than medical 
masks on laboratory-based surrogate measures, medical masks 
performed as well as respirators for preventing acute respiratory 
illness in clinical settings.27 A large randomized controlled trial 
published in 2019 showed that in the outpatient setting, medical 

masks performed as well as N95 respirators in preventing 
 laboratory-confirmed influenza.28 

A systematic review on measures to decrease betacoronavi-
rus transmission compared N95 respirators to no protection and, 
separately, medical masks to no protection.29 None of the studies 
were randomized. Although the pooled odds of transmission 
were lower in the respirator studies, no study has directly com-
pared respirators with masks and so claims30 that respirators are 
superior to masks for general care are unfounded. Moreover, 
series have emerged in which large numbers of health care work-
ers were unknowingly exposed to COVID-19; most used medical 
masks rather than respirators, and transmission occurred only 
when mask use was intermittent or omitted.31,32

Which procedures may be aerosol generating?

Guidelines recommend N95 or equivalent respirators for care 
during aerosol-generating medical procedures, although there is 
variation in the specific list of what should be considered truly 
aerosol-generating.13 A systematic review that included 10 stud-
ies of aerosol-generating medical procedures during the SARS 
epidemic found that tracheal intubation, noninvasive ventila-
tion, tracheostomy and manual ventilation before intubation 
consistently increased risk to health care workers.33 Other pro-
ced ures, such as nebulizer treatment, bronchoscopy and chest 
compressions, may also pose an increased risk. The studies 
included in this review were graded as low-quality evidence, but 
randomized or prospective data on whether masks or respirators 
should be used for each procedure are unlikely to emerge. Guide-
lines therefore tend to be more inclusive when listing aerosol-
generating medical procedures.

Whether caring for an ICU patient who is intubated and on a 
closed circuit requires the use of an N95 respirator merits specific 
attention. The risk of accidental ventilator tubing disconnection 
should be considered; this risk may be higher if the patient is 
being moved frequently, such as for prone ventilation. However, 
even if tubing becomes disconnected, there is no evidence that 
this event will lead to aerosolization of virus. A study in Taiwan 
during the SARS epidemic used polymerase chain reaction to test 
for the presence of aerosolized virus in the air surrounding an 
intubated patient; none was detected even after extubation.34 
Despite the limitations of this single-patient study, it provides 
some reassurance that aerosol-based transmission may not play 
a substantial role during the regular care of the mechanically 
ventilated patient. The Surviving Sepsis Campaign COVID-19 
guidelines recommend that for patients who have COVID-19 and 
are on closed circuit mechanical ventilation, medical masks 
should be used.35

Approaches to managing a limited supply of 
N95 respirators

During the novel influenza A (H1N1) pandemic, Canadian providers 
felt that appropriate PPE was readily available.36 The context of 
COVID-19 is much different. N95 respirators represent a sophisticated 
technology compared with medical masks, are more  expensive and 
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are in shorter supply.37 With exports dramatically decreased from 
China and increased global demand for N95 respirators, these prod-
ucts have become scarce despite post-SARS stockpiling.9,38,39

There is a risk that single-use N95 respirator supplies will be 
insufficient to last through the pandemic despite aggressive and 
innovative sourcing by governments and hospitals. Hospital pol-
icy can therefore take several approaches:
1. Limit N95 respirator use to aerosol-generating medical pro-

ced ures and recommend medical mask use for interactions 
such as caring for the intubated patient

2. Ration N95 supply: some jurisdictions have limited provision 
of N95 masks to 1 per health care worker per day, per week, 
or until visibly soiled

3. Reprocess used N95 respirators via novel sterilization 
processes

4. Explore reusable N95 respirators that use cartridges or 
replaceable filters

Each option has advantages and disadvantages. The first is a 
simple approach that is supported by the Surviving Sepsis Cam-
paign guidelines for COVID-19, but one that might not be 
accepted by all health care providers. The second is similarly 
simple to implement, but poses risks of self-contamination with 
the reuse of equipment designed to be disposable; Infectious 
Diseases Society of America guidelines try to mitigate this risk by 
suggesting that the respirator be covered by a face shield or 
medical mask.13 Third, there are guidelines from the World 
Health Organization and Centers for Disease Control and Preven-
tion related to options for extended use or reprocessing as tem-
porary measures for shortages of PPE, if other strategies have 
been exhausted.11,40 One manufacturer, 3M, has acknowledged 
the use of vapourized hydrogen peroxide as a valid reprocessing 
method for N95 respirators.41 A recent National Institutes of 
Health study in preprint supports effective decontamination of 
N95 respirators without impairing function,42 and a large multi-
centre project is under way to further validate decontamination 
methods.43 Finally, reusable, cleanable respirators are an attrac-
tive option, but to date have not been studied in clinical settings 
and will likely require specialized hospital sterilization and repro-
cessing procedures.44

What other considerations should guide 
choice of PPE in acute care settings? 

Unit setup may influence the type of PPE chosen. In hospitals 
where patients with COVID-19 are cared for on dedicated units 
(cohorted), and all care can be provided without doffing PPE, 
more complex PPE might be chosen, as fewer doffing episodes 
mitigate the increased risk of self-contamination while doffing 
complex PPE.45 In units where patients with COVID-19 are cared 
for alongside uninfected patients, or where nursing staff are 
required to doff before checking orders or documenting care, 
simpler PPE may lead to fewer errors in removing PPE and thus 
decrease the risk of self-contamination.

In cohorted units where PPE is worn for long periods, pro-
longed use of N95 respirators may have deleterious effects on 

some groups of health care workers; for example, impaired gas 
exchange and increased metabolic load with the use of respira-
tors has been documented among healthy pregnant women.46 
More broadly, increased airflow resistance leading to decreased 
tidal volumes, hypercarbia, subjective fatigue and facial dermati-
tis have all been reported with prolonged use of respirators.47–50

Real-world effectiveness of PPE may vary, especially during 
the early adoption of its use. Rates of self-contamination may be 
high before health care workers learn how to use a new PPE 
technique safely.51 Such learning is not automatic, and time for 
teaching, learning, use and reinforcement must be built into the 
workflow. The rapidity with which new PPE techniques can be 
safely taught remains unknown. Complex PPE regimens were 
taught, drilled and implemented for use in COVID-19 in China,7 as 
well as during the Ebola outbreak in 2014–2015.45,51 More is not 
necessarily better: for Ebola, critical errors remained more com-
mon in enhanced versus basic PPE regimens despite training.45 
Furthermore, more complex regimens pose a greater time bur-
den for donning and doffing.45 Increased donning and doffing 
errors for a complex regimen to purify respirators using powered 
air have also been documented in an experimental Canadian 
context.52 Having a dedicated person (i.e., a “buddy”) to super-
vise doffing procedures and correct errors in real time may pro-
tect health care workers from self-contamination, particularly for 
more complex PPE regimens.14

How should health care worker perspectives 
be integrated into organizational PPE 
decisions?

Critical to choosing PPE regimens, but rarely explored, is how safe 
health care workers feel with the PPE regimen designated by their 
local hospital.53 Individuals and organizations may interpret the 
literature differently, and may arrive at different conclusions as to 
which PPE is appropriate for a given context for a novel virus. A 
breakdown of trust and communication can lead to conflict, anx-
iety and worker absences. For example, in March 2020, some 
nurses and nursing groups across Canada cited occupational 
health and safety legislation, refusing to work without N95 respi-
rators because they deemed doing so to be unsafe.54 In addition, 
the Canadian Union of Public Employees insisted that all hospital 
staff should have the choice to wear N95 respirators,55 despite 
good evidence showing they are not required in most settings.

Clear, streamlined and synthesized communication of the evi-
dence underpinning organizational decisions on PPE use, as well 
as opportunities for health care workforce to engage and 
respond, are crucial and should be informed by the well-defined 
principles of knowledge translation.56,57 Upshur and colleagues’ 
2005 report on ethical considerations for pandemic planning 
emphasizes transparency, whereby the rationale for decisions 
should be open to scrutiny.58 When making decisions under con-
ditions of uncertainty, it follows that honesty about what is and 
is not known is paramount. 

The Canadian Federation of Nurses’ Unions argues that the 
expertise of nurses should be leveraged in point-of-care risk 
assessments.59 Engaging multidisciplinary expertise earlier — in 
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pandemic planning and in the drafting of occupational health 
and safety guidelines — maximizes the agency of health care pro-
fessionals and allows for a more fulsome analysis of the litera-
ture than is possible at the bedside. It may also serve to ground 
infection control policy in pragmatism. This planning role is writ-
ten into the Canadian Nurses’ Association Code of Ethics.60

Engaging “knowledge users” from inception through to imple-
mentation of policy in this way is fundamental to integrated 
knowledge translation. The Canadian Institutes of Health Research 
emphasizes the dynamic and iterative nature of integrated know-
ledge translation;61 these features make it ideally suited to the rap-
idly changing knowledge environment of a pandemic. By putting 
the perspectives of health care workers at the centre of policy, 
organizations can build trust, improve communication and ensure 
that new recommendations are quickly implemented.

Conclusion
Guidelines about PPE are based on current understanding of how 
the SARS-CoV-2 virus is transmitted and provide a starting point 
for hospital infection prevention and control strategies during this 
pandemic.11 Answering questions such as how aerosols are gener-
ated, how limited supply of PPE can be managed, how care can be 
organized to optimize PPE use and how health care worker per-
spectives can be integrated into organizational decisions is central 
to protecting health care workers from SARS-CoV-2 and future 
pandemic pathogens. The likelihood that this virus will continue to 
circulate for months or years makes additional research more 
urgent and important than ever. Further understanding the basic 
science of aerosols in health care environments, investing in dis-
ruptive PPE technologies and fostering innovation in systems and 
pathways of care for patients with infectious diseases may help to 
protect patients and health care workers alike. Finally, using an 
integrated knowledge translation approach to policy development 
that includes health care workers in the planning and evaluation 
of PPE strategies will help to ensure that users of PPE can have 
confidence in it and use it effectively.
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