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T he supply of personal protective
equipment (PPE) during the corona-
virus disease 2019 (COVID-19)

pandemic has been severely compromised
by high consumption and an unprecedented
disruption in supply. In recent years, supply
chains have been increasingly globalized and
lean, approaches that are not resilient to a
disaster of this magnitude. Before COVID-
19, more than half of all face masks were
manufactured in China.1 As exports slowed
during the pandemic, infection prevention-
ists had to become stewards of PPE, reevalu-
ating reuse strategies while keeping health
care workers protected.

The initial Centers for Disease Control
and Prevention guidance called for
airborne, droplet, and contact precautions
for all suspected cases.2 This guidance
immediately led to concerns that Mayo
Clinic, like other facilities, did not have
enough airborne infection isolation rooms,
did not have adequate staff cleared and fit
tested to wear air-purifying respirators,
and would rapidly deplete existing respi-
rator supplies without a clear mechanism
for replenishing them.

We evaluated the evidence for routes of
transmission of COVID-19. Overall, airborne
transmission appeared less likely to be sub-
stantial on the basis of reports from the
World Health Organization and experience
with other coronaviruses. We therefore rec-
ommended a level we call “modified droplet
precautions” (masks, eye protection, gowns,
and gloves) for routine care with the
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addition of a respirator (N95 or equivalent,
eg, powered air-purifying respirator) only
for aerosol-generating procedures (AGPs).
Mayo Clinic made this change after the
World Health Organization presented
interim guidance supporting this approach.3

Additional respirator clearance and fit
testing for staff continued, focused on those
responsible for performing high- or medium-
risk AGPs. At Mayo Clinic, patients with
COVID-19 are not housed in airborne infec-
tion isolation rooms but room air exchanges
per hour are closely tracked and used in
determining how long a room needs to be
closed between procedures. When respira-
tors are required, we recommend all staff
who enter the room continue to use their
respirators until sufficient time has elapsed
to ensure that any aerosolized infectious par-
ticles have been cleared.4

A major challenge with implementing
modified droplet precautions was deter-
mining which procedures truly generated
aerosols and thus required wearing of respi-
rators. The Centers for Disease Control and
Prevention recommendation is for respira-
tors during nasopharyngeal swab collection.2

This recommendation was not supported by
existing evidence but led to a concern that
various procedures with any potential to
generate a cough may be AGPs, thus
requiring respirator use.

We convened an AGP workgroup with
subject matter experts from infection con-
trol, anesthesia, pulmonary and critical care
medicine, respiratory therapy, and several
rg/10.1016/j.mayocp.2020.05.038
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TABLE. Three-Tiered System for Determining Requirements for PPEa

Risk level Definition PPE requirement Procedures

High Clear risk of aerosol generation Respirator, eye protection, gown, gloves Intubation
Bronchoscopy

Medium Possible, but not substantial, risk of
aerosol generation

For suspected COVID-19: respirator, eye
protection, gown, gloves

For other procedures: standard precautions for
the procedureb

BiPAP/CPAP with a viral filter in place
Nasogastric tube placement

Low Little risk of aerosol generation For suspected COVID-19: mask, eye
protection, gown, gloves

For other procedures: standard precautions for
the procedureb

Nasopharyngeal swab collection
Physiological coughing

aBiPAP ¼ bilevel positive airway pressure; COVID-19 ¼ coronavirus disease 2019; CPAP ¼ continuous positive airway pressure; PPE ¼ personal protective equipment.
bStandard precautions for procedures and patient care in which COVID-19 is not suspected and the risk of aerosol generation is not high are masks for the patient and health
care worker or mask plus eye protection for the health care worker in any situation in which the patient cannot reliably be masked.
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procedural services to evaluate commonly
performed procedures for their potential to
generate aerosols. Ultimately, we developed
a 3-tiered system defining risk level and
need for PPE, including respirators (Table).
High-risk procedures were defined as those
with a clear risk of aerosol generation. Dur-
ing the pandemic, staff performing such pro-
cedures for any patient would wear
respirators. Medium-risk procedures were
defined as those in which aerosol generation
was possible but not likely substantial; thus,
clinical suspicion for COVID-19 would
guide whether respirators were required.
Low-risk procedures were defined as those
with minimal chance of aerosol exposure;
thus, a respirator was not required. This sys-
tem is updated as needed on the basis of
discussions with stakeholders, but the
framework has allowed us to classify proced-
ures within a relatively simple algorithm on
the basis of procedural risk and degree of
suspicion for COVID-19.

As the COVID-19 pandemic continued,
increased community spread occurred in
the United States. In communities Mayo
Clinic serves, we became concerned about
the potential for asymptomatic viral shed-
ding resulting in exposures to our health
care workers. We began to require
Mayo Clin Proc. n September 2020
universal masking of our patient-facing
staff (surgical masks), then all staff, and
finally patients and visitors, who could
wear cloth masks. We provided guidance
to reduce PPE consumption, such as reuse
of masks, use of reusable full-face shields
to protect masks from droplets contamina-
tion, and cleaning powered air-purifying
respirator hoods.

Despite universal masking, employee ex-
posures continued because of the inability of
certain populations to mask reliably, such as
small children and confused or agitated
adults. Therefore, we added a requirement
for universal use of eye protection by staff
in these settings. With these interventions,
employee exposures to COVID-19 decreased
markedly.

We continue to explore options for reuse
of masks, including reprocessing by cleaning
with ultraviolet light disinfection and vapor-
ized hydrogen peroxide. We have also identi-
fied sources of nontraditional PPE to
augment existing supplies, such as full-face
shields made by 3-dimensional printing for
our health care workers and donated cloth
masks for patients who do not have their own.

Coronavirus disease 2019 will continue
to present challenges for infection preven-
tion, employee safety, and supply chains.
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CONSERVING PERSONAL PROTECTIVE EQUIPMENT
Nonetheless, with rational use of PPE, crea-
tive sourcing, reuse, and extended use, we
can meet this challenge for the duration of
the pandemic.
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