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Abstract

Background: Since its emergence in late 2019, SARS-CoV-2 continues to pose a risk to healthcare
personnel (HCP) and patients in healthcare settings. Although all clinical interactions likely carry
some risk of transmission, human actions like coughing and care activities like aerosol-generating
procedures likely have a higher risk of transmission. The rapid emergence and global spread of SARS-
CoV-2 continues to create significant challenges in healthcare facilities, particularly with shortages of
personal protective equipment (PPE) used by HCP. Evidence-based recommendations for what PPE
to use in conventional, contingency, and crisis standards of care continue to be needed. Where
evidence is lacking, the development of specific research questions can help direct funders and

investigators.

Objective: Develop evidence-based rapid guidelines intended to support HCP in their decisions

about infection prevention when caring for patients with suspected or known COVID-19.

Methods: IDSA formed a multidisciplinary guideline panel including frontline clinicians, infectious
disease specialists, experts in infection control, and guideline methodologists with representation
from the disciplines of public health, medical microbiology, pediatrics, critical care medicine and
gastroenterology. The process followed a rapid recommendation checklist. The panel prioritized
guestions and outcomes. Then a systematic review of the peer-reviewed and grey literature was
conducted. The Grading of Recommendations Assessment, Development and Evaluation (GRADE)

approach was used to assess the certainty of evidence and make recommendations.

Results: The IDSA guideline panel agreed on eight recommendations, including two updated
recommendations and one new recommendation added since the first version of the guideline.

Narrative summaries of other interventions undergoing evaluations are also included.

Conclusions: Using a combination of direct and indirect evidence, the panel was able to provide
recommendations for eight specific questions on the use of PPE for HCP providing care for patients
with suspected or known COVID-19. Where evidence was lacking, attempts were made to provide
potential avenues for investigation. There remain significant gaps in the understanding of the
transmission dynamics of SARS-CoV-2 and PPE recommendations may need to be modified in
response to new evidence. These recommendations should serve as a minimum for PPE use in
healthcare facilities and do not preclude decisions based on local risk assessments or requirements

of local health jurisdictions or other regulatory bodies.



IDSA Legal Disclaimer

It is important to realize that guidelines cannot always account for individual variation
among patients. They are assessments of current scientific and clinical information provided as an
educational service; are not continually updated and may not reflect the most recent evidence (new
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Executive Summary

Summarized below are the recommendations for infection prevention among
healthcare personnel (HCP) caring for suspected or known patients with coronavirus disease
2019 (COVID-19). A detailed description of background, methods, evidence summary and
rationale that support each recommendation, and research needs can be found online in
the full text. In brief, per Grading of Recommendations Assessment, Development and
Evaluation (GRADE) methodology, recommendations are labeled as “strong” or
“conditional”. The word “recommend” indicates strong recommendations, and “suggest”
indicates conditional recommendations. In situations where the guideline panel judged
there was insufficient evidence of benefit to support the use of specific personal protective
equipment (PPE) with concerns for negatively impacting resources, the expert panel
acknowledged the knowledge gap and made no recommendation, highlighting the need for

more definitive evidence.

The IDSA guideline panel used the Crisis Standards of Care framework to develop its
recommendations [1-3]. In the setting of a pandemic with documented shortages of PPE across
various healthcare settings, the availability of supplies is an important driver of recommendations.
Using the crisis capacity framework, separate recommendations were made for contingency or crisis

capacity settings acknowledging the limited availability of PPE (Figure 1).

For all the recommendations below, the panel emphasizes the impact of
conventional, contingency and crisis standards of care on how PPE is used. It also is critical
to emphasize the importance of “appropriate PPE” for the care of patients with suspected
or known COVID-19, including gowns and gloves, as well as adherence to standards for
donning and doffing to minimize transmission. The panel recognizes the need to address the
potential role of eye protection and masks as part of standard precautions, how to mitigate
gown shortages (e.g., use of garbage bags as a safe alternative), and if there is a role for hair
covers to prevent SARS-CoV-2 transmission. In addition, the behaviors, protocols, and
environments associated with PPE use—particularly while PPE is being removed—cannot be
separated from the technical qualities of the equipment. The panel hopes to address these

guestions in subsequent updates.



Figure 1. IDSA algorithm for appropriate PPE in conventional and contingency or crisis settings

Health care personnel caring for patients with suspected or known COVID-19

Appropriate PPE (gowns, gloves and eye protection)
Adherence to proper donning and doffing

Conventional ‘ Contingency or

settings Crisis settings
Non-AGP AGP Non-AGP AGP
Surgical mask N95 (N99/PAPR) Surgical mask Face shield or surgical mask
or or covering the N95 to allow
N95 (N99/PAPR) Reprocessed N95 extended use or reuse
or

Reprocessed N95

AGP: aerosol-generating procedures; PPE: personal protective equipment

Routine Patient Care

In CONVENTIONAL SETTINGS:

Recommendation 1: The IDSA guideline panel recommends that healthcare personnel caring for
patients with suspected or known COVID-19 use either a medical/surgical mask or N95 (or N99 or
PAPR) respirator compared with no mask as part of appropriate PPE*. (Strong recommendation,

moderate certainty of evidence)

Recommendation 2: The IDSA guideline panel suggests that healthcare personnel caring for patients
with suspected or known COVID-19 use eye protection compared with no eye protection as part of

appropriate PPE*. (Conditional recommendation, very low certainty of evidence)



In CONVENTIONAL, CONTINGENCY, or CRISIS CAPACITY SETTINGS:

Recommendation 3: The IDSA guideline panel makes no recommendation for the use of double

gloves versus single gloves for healthcare PPE*. (Knowledge gap)

Recommendation 4: The IDSA guideline panel makes no recommendation for the use of shoe covers
versus no shoe covers for healthcare personnel caring for patients with suspected or known COVID-

19 as part of appropriate PPE*. (Knowledge gap)

Aerosol-Generating Procedures

In CONVENTIONAL SETTINGS:

Recommendation 5: The IDSA guideline panel recommends that healthcare personnel involved with
aerosol-generating procedures on suspected or known COVID-19 patients use an N95 (or N99 or
PAPR) respirator instead of a medical/surgical mask, as part of appropriate PPE*. (Strong

recommendation, very low certainty of evidence)

e Remark: Despite the very low quality and indirect evidence supporting this
recommendation, the IDSA guideline panel placed a high value on avoiding serious

harms to exposed healthcare personnel.

In CONVENTIONAL, CONTINGENCY, or CRISIS CAPACITY SETTINGS:

Recommendation 6: During contingency or crisis capacity settings (N95 respirator shortages), the
IDSA guideline panel suggests that healthcare personnel involved with aerosol-generating
procedures on suspected or known COVID-19 patients use a REPROCESSED N95 respirator for reuse
instead of medical/surgical masks as part of appropriate PPE*. (Conditional recommendation, very

low certainty evidence)



Recommendation 7: During contingency or crisis settings (respirator shortages), the IDSA guideline
panel recommends that healthcare personnel involved with aerosol-generating procedures on
suspected or known COVID-19 patients add a face shield or medical/surgical mask as a cover for the
N95 respirator to allow for EXTENDED use as part of appropriate PPE*. (Strong recommendation,

very low certainty evidence).

e Remark: This recommendation assumes correct doffing sequence and hand hygiene
are performed before and after removing the face shield or medical/surgical mask

covering the respirator.

Recommendation 8: During contingency or crisis settings (respirator shortages), the IDSA guideline
panel suggests that healthcare personnel involved with aerosol-generating procedures on suspected
or known COVID-19 patients add a face shield or medical/surgical mask as a cover for the N95
respirator to allow for REUSE as part of appropriate PPE*. (Conditional recommendation, very low

certainty evidence).

e Remark: This recommendation assumes correct doffing sequence and hand hygiene
are performed before and after removing the face shield or medical/surgical mask

covering the respirator.

*Appropriate personal protective equipment includes—in addition to a mask or respirator—eye
protection, gown, and gloves.



Background

The first cases of coronavirus disease 2019 (COVID-19) were reported from Wuhan,
China in early December 2019 [4], now known to be caused by a novel beta-coronavirus,
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Within a span of months,
COVID-19 became a pandemic due to its transmissibility, spreading across continents with
the number of cases and deaths rising daily [5]. Although many infected individuals are
asymptomatic or exhibit a mild illness, 20% have severe or critical illness requiring
hospitalization and between 3% to 20% of hospitalized people die depending on severity of
iliness [6-8]. The mortality rate remains even higher for those patients requiring
extracorporeal life support [4, 9-11]. Severity of illness is associated with systematic barriers
to care (racial constructs and ethnicity), age, medical co-morbidities, and pregnancy [12,
13]. Transmission occurs from persons incubating the disease before the onset of
symptoms, from persons with mild illness, and from persons with asymptomatic infection
[14, 15]. Although viral shedding decreases soon after symptom onset, many patients shed
non-infectious viral RNA for prolonged periods [16-18]. Throughout the course of infection,
much remains unknown about the risk of transmission between patients and caregivers. The
emergence of SARS-CoV-2 variants of concern, most notably the delta variant, and higher
levels of transmission, create additional complexity as findings of prior studies may not be

extrapolated to current or future conditions.

Accurately identifying the contribution to overall transmission of different modes of
transmission of respiratory viruses has been a challenge. Over the last year, individuals and
groups from different areas of science, most notably environmental aerosol researchers,
have determined that the short-range continuum of small respiratory particles, ranging from
aerosols to droplets, are likely the major contributors of transmission [19, 20]. These
findings call into question the historical classification of precautions and associated PPE,
most notably droplet (requiring medical/surgical masks) and airborne (requiring respirators)
precautions. Globally, many—if not most—hospitals, clinics, and healthcare systems have
been using droplet and contact precautions for patients with COVID not undergoing aerosol-
generating procedures (AGPs) throughout the pandemic. The primary mechanism to reduce

aerosol transmission is ventilation. Higher levels of air exchanges and filtration are



commonly required in U.S. healthcare settings, especially hospitals [21]. Additionally, the
decay in viral load following symptom onset likely means that by the time patients are
hospitalized with moderate, severe, or critical illness, the risks of transmission are reduced
[22, 23]. Studies that determine a biological basis of transmission risk within healthcare
settings (as opposed to the current “AGP vs. non-AGP”) in the context of local transmission
rates, ventilation, building design, screening and surveillance testing, patient-side source
control, and likely other factors, continue to be needed to inform appropriate PPE
recommendations. The role of PPE in prevention of transmission to patients also needs to

be addressed.

Any guidance on PPE would be remiss not to mention the critical role of SARS-CoV-2
vaccination for HCP. The data supporting their efficacy, effectiveness, and safety are robust.
Universal and required vaccination of HCP provides the most.important level of protection,
and when combined with appropriate PPE and other interventions, creates the safest

possible environment for HCP providing care for patients with COVID-19.

Given the rapid global spread of SARS-CoV-2 and the difficulties faced by
overburdened frontline HCP and policymakers trying to remain up to date on emerging
literature, IDSA has recognized the necessity of developing a rapid guideline for infection
prevention in healthcare settings. The guideline panel used a methodologically rigorous
process for evaluating the best available evidence and providing treatment
recommendations. A limited number of specific questions were chosen for review based on
recommendations from the panel members, all of whom are currently working directly with

patients with COVID-19 and/or on policies and protocols for the healthcare response.

This guideline on infection prevention complements IDSA’s four other guidelines on
COVID-19 addressing treatment and management, molecular diagnostic testing, serologic
testing, and antigen testing. These guidelines will be regularly updated with questions
added as substantive literature becomes available and will be made accessible on an easy to

navigate web and device interface: http://www.idsociety.org/covid19guidelines/ip.

These recommendations are intended to inform patients, clinicians, and other HCP

by providing the latest available evidence.



Methods

This guideline was developed using the GRADE approach for evidence assessment. In
addition, given the need for an urgent response to a major public health crisis, the methodological
approach was modified according to the Guideline International Network/McMaster checklist for

the development of rapid recommendations [24].

Panel composition

The initial guideline panel assembled in March 2020 was composed of eleven members
including frontline clinicians, infectious disease specialists, experts in infection prevention and
guideline methodologists. The panel also included experts in preventive care, public health, medical
microbiology, pediatrics, critical care medicine and gastroenterology. Organizational representatives
were included on the panel from the Society for Healthcare Epidemiology of America (SHEA) and the
Pediatric Infectious Diseases Society (PIDS). The Evidence Foundation provided technical support and

guideline methodologists for the development of this guideline.

Disclosure and management of potential conflicts of interest

The conflict of interest (COI) review group included two representatives from IDSA who were
responsible for reviewing, evaluating, and approving all disclosures. All members of the expert panel
complied with the COI process for reviewing and managing conflicts of interest, which required
disclosure of any financial, intellectual, or other interest that might be construed as constituting an
actual, potential, or apparent conflict, regardless of relevancy to the guideline topic. The assessment
of disclosed relationships for possible COl was based on the relative weight of the financial
relationship (i.e., monetary amount) and the relevance of the relationship (i.e., the degree to which
an association might reasonably be interpreted by an independent observer as related to the topic
or recommendation of consideration). The COI review group ensured that the majority of the panel
and chair were without potential relevant (related to the topic) conflicts. The chair and all members

of the technical team were determined to be unconflicted.

Question generation

Clinical questions were developed into a PICO format (Population, Intervention, Comparison,
Outcomes) [25] prior to the first panel meeting. For these guidelines to be implementable in various

healthcare environments, two types of clinical settings were defined a priori to account for the



availability of PPE: 1) conventional settings (i.e., no restriction on PPE availability), 2) contingency or
crisis capacity settings (i.e., limited availability of PPE). Panel members focused on the protective
effect of PPE on HCP such as the prevention of healthcare-associated transmission of viral
respiratory infections (RVI) (either laboratory-confirmed infection or inferred by clinical compatible

syndrome), and adverse events leading to discontinuation of PPE.
This guideline iteration addressed the following PICO questions:

1) Should HCP caring for persons with suspected or known COVID-19 use either a
medical/surgical mask or respirator—rather than no mask—as part of appropriate
PPE*?

2) During a contingency or crisis capacity setting (N95 respirator shortages), should HCP
involved with AGPs on suspected or known COVID-19 patients use a reprocessed
N95 respirator for reuse rather than a medical/surgical mask, as part of appropriate
PPE*?

3) Should HCP caring for persons with suspected or known COVID-19 use eye

protection rather than no eye protection, as part of appropriate PPE*?

*Appropriate personal protective equipment includes—in addition to a mask or respirator—eye

protection, gown, and gloves.

Search strategy

With the help of an information specialist, OVID Medline, EMBASE, and Cochrane Library
were searched to identify all relevant English studies from inception to March 8, 2021 related to
COVID-19 (Supplementary Table s1). In certain circumstances, searches were also conducted to
identify relevant literature using Google Scholar and the World Health Organization (WHO) and U.S.
Centers for Disease Control and Prevention (CDC) websites. Horizon scans were performed routinely
during the evidence assessment and recommendation process to locate additional grey literature
and manuscript pre-prints. Reference lists and literature suggested by panelists were reviewed for

inclusion. The reference lists of relevant articles were scanned for additional studies.

When applicable, existing systematic reviews were used to inform the recommendations.
Laboratory experiments were also reviewed to provide further indirect evidence of mechanistic

explanations when appropriate.



Screening and study selection

Two reviewers independently screened titles and abstracts as well as eligible full-text
studies. When acceptable systematic reviews were identified (i.e., recent, well-done systematic
reviews of randomized controlled trials [RCTs] or comparative non-randomized studies), no
additional RCTs or comparative non-randomized studies were sought. When acceptable RCTs of
effectiveness were found, no additional non-randomized studies or non-comparative evidence (i.e.,
single-arm case series) were sought. Evidence from experimental or laboratory studies were
included as sources of indirect evidence and public health websites, such as the CDC and WHO, were

also reviewed for additional literature.

Data collection and analysis

Pairs of reviewers extracted relevant information into a standardized data extraction form.
Existing systematic reviews also were reviewed for methodologic rigor [26]. When appropriate,

specific subgroup analyses were conducted using Review Manager [27].

Risk of bias and certainty of evidence

Reviewers assessed risk of bias with the Cochrane Risk of Bias Tool for RCTs and the Risk of

Bias Instrument for Non-randomized Studies — of Interventions (ROBINS-I) [26, 28].

The certainty of evidence was assessed using the GRADE approach [29]. Within GRADE, the
body of evidence across each outcome is assessed for domains that may reduce or increase one’s
certainty in the evidence (Figure 2). Evidence from RCTs start as high-certainty evidence and
observational studies start out as low-certainty of evidence. Factors that may reduce one’s certainty
include risk of bias (study limitations), inconsistency (unexplained heterogeneity across study
findings), indirectness (applicability or generalizability to the research question), imprecision (the
confidence in the estimate of an effect to support a particular decision), or publication bias (selective
publication of studies). One’s certainty in the evidence may be strengthened if the following
considerations are present: large or very large magnitude of effect, evidence of a dose-response
gradient, or opposing residual confounding. The certainty of evidence is categorized into four levels
ranging from very low to high. For each recommendation, an overall judgment of certainty of

evidence is made based on critical outcomes.

Evidence profiles were used to display the summary estimates as well as the judgments

about the overall certainty of the body of evidence for each clinical question across outcomes.



GRADE evidence profiles and summary of findings tables were developed in GRADEpro Guideline

Development Tool [30].

Evidence to Recommendations

The panel considered core elements of the GRADE evidence in the decision process,
including certainty of evidence, balance between desirable and undesirable effects, assumption on
values and preferences, and resource implications. Additional domains were acknowledged where
applicable (equity, acceptability, and feasibility). The panel deliberated over the impact of resource
limitations on the feasibility of and ability to implement these recommendations. Therefore, the

III

panel’s recommendations addressed both “conventional” settings where there is no restriction on

PPE availability and “contingency or crisis capacity” settings in which PPE availability is limited.

For all recommendations, the expert panelists reached consensus. Voting rules were agreed
on prior to the panel meetings for situations when consensus could not be reached. As per GRADE

III

methodology, recommendations are labeled as “strong” or “weak/conditional”. The words “we
recommend” indicate strong recommendations and “we suggest” indicate conditional
recommendations. Figure 2 provides the suggested interpretation of strong and weak/conditional
recommendations for patients, clinicians, and healthcare policymakers. In some situations where the
evidence was judged insufficient to provide a clear direction “for” or “against" a particular

management strategy, the panel decided to make a “no recommendation”.

According to the GRADE approach, strong recommendations in the setting of lower-quality
evidence were only assigned when the panelists believed they conformed to one or several
paradigmatic conditions. As per GRADE guidance [31] on discordant recommendations, there are
five paradigmatic situations that can be conceptualized as ones in which there are clear benefits in
the setting of a life-threatening situation, clear catastrophic harms, or equivalence between two

interventions with clear harms for one of the alternatives.

Although there is ongoing need for research on virtually all of the topics considered
in this guideline, “Research Needs” were noted for recommendations in which the need was

believed by the panelists to be particularly relevant.



Figure 2. Approach and implications to rating the quality of evidence and strength of
recommendations using GRADE methodology (unrestricted use of figure granted by the U.S. GRADE
Network)
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Review Process

This guideline underwent a rapid review for approval by IDSA Board of Directors Executive
Committee external to the guideline development panel. The IDSA Board of Directors Executive
Committee reviewed and approved the guideline prior to dissemination. The guideline was reviewed

and endorsed by SHEA and PIDS.

Updating Process

Regular, frequent screening of the literature will take place to determine the need for
revisions based on the likelihood that any new data will have an impact on the recommendations.

When necessary, the entire expert panel is reconvened to discuss potential changes.

Definitions

Medical/surgical masks: Masks with or without plastic shields are used as a physical barrier to
protect the user from hazards, such larger respiratory droplets. Medical masks also protect other
people against infection from the person wearing the medical mask. Such masks trap large particles
of body fluids that may contain bacteria or viruses expelled by the wearer [32]. Surgical masks and
medical masks are used interchangeably in this document as the fluid impermeable rating

(associated with surgical masks specifically) was not relevant.

Respirator: Devices used to protect healthcare personnel from airborne particles that can lead to
infection. This includes N95 filtering facepiece respirators (FFRs) and higher-level “mask-like”
respirators (e.g., N99, N100), powered air purifying respirators (PAPRs), controlled air purifying

respirators, and elastomeric respirators.

Donning and doffing procedures: The practice of putting on and removing PPE. Donning refers to
putting on PPE, while doffing means removing it.
Crisis standards of care [1]:

Conventional capacity: Usual supplies available and used

Contingency capacity: Conservation, adaptation and substitution of supplies with occasional

reuse of select supplies



Crisis capacity: Critical supplies lacking

PPE extended use: The use of PPE for greater than a single patient encounter and without removing
the PPE, with or without the use of additional devices (e.g., a face shield over a surgical mask).

Recommended for use only in contingency or crisis capacities [3].

PPE reuse: The use of PPE that is doffed after each patient encounter and re-donned after a period

of time and/or a processing step. Recommended for use only in contingency or crisis capacities [3].

Results

Mask use: Systematic review and horizon scan of the literature identified 2,789 references of which
nine informed the evidence base of the recommendation on eye protection (Supplementary Figure

sl).

Mask reuse: Systematic review and horizon scan of the literature identified 487 references of which
19 informed the updated evidence base of the recommendation on mask reuse (Supplementary

Figure s2).

Eye protection: Systematic review and horizon scan of the literature identified 1,116
references of which five informed the evidence base of the recommendation on eye

protection (Supplementary Figure s3).

For all recommendations below, the panel emphasizes the importance of “appropriate PPE”
(which includes gowns, gloves, and eye protection) and adherence to standards for donning

and doffing to-minimize transmission.



Routine Patient Care

In CONVENTIONAL SETTINGS:

Recommendation 1: The IDSA guideline panel recommends that healthcare personnel caring for
patients with suspected or known COVID-19 use either a medical/surgical mask or N95 (or N99 or
PAPR) respirator compared with no mask as part of appropriate PPE*. (Strong recommendation,

moderate certainty of evidence)

*Appropriate personal protective equipment includes—in addition to a mask or respirator—eye

protection, gown, and gloves.

Summary of the evidence

No direct comparative data from RCTs was identified. However, our search identified direct
evidence from observational comparative cohort and case-control studies. We excluded non-
comparative studies, case reports or summary of series case reports with which we were unable to
identify a denominator. We also excluded studies in which authors were unable to ascertain a

reliable COVID-19 diagnosis or studies that were done in community settings.

The body of evidence was too heterogeneous to pool quantitatively in a meta-analysis due
to differences with risk of bias, study setting, type of mask assessed, and ascertainment of the
exposure and outcomes. Thus, we decided to present the best available evidence coming from a
single study [33] in an evidence profile along with the previous analysis from SARS-CoV-1. This was a
large cross-sectional, comparative study of 20,614 HCP (e.g., frontline workers such as nurses,
respiratory therapists, and physicians who had direct contact with patients with COVID-19, as well as
support staff) in which a questionnaire was used to identify HCP behavior including PPE use, and a
SARS-CoV-2 IgG assay was performed to confirm COVID-19 serostatus. Healthcare personnel wore
surgical masks or N95/PAPR. Of those wearing any type of mask, 10.9% (721/6624) were
seropositive, compared to 17.5% (369/2109) of those not wearing any type of mask (odds ratio [OR]:
0.54; 95% CI: 0.47 to 0.63). Furthermore, of those wearing N95/PAPR, 10.3% (540/5242) were
seropositive compared with 13.1% (182/1390) of those wearing surgical masks (OR 0.76; 95% Cl:
0.64 to 0.91) (Tables 1-2).

All other identified studies demonstrated a consistent trend toward a protective effect when
mask or N95 respirator was used. Similarly, a comparative cross-sectional study used a web survey

to analyze samples from 16,397 adults working in first response, hospital, or public safety settings



[34]. Consistent N95 respirator wearing was associated with decrease infection rates when
compared to sometimes wearing an N95 respirator (adjusted OR [aOR]: 0.83; 95% Cl: 0.72, 0.95).
Results were same for use of surgical facemasks ‘all the time’ compared to ‘sometimes’ (aOR: 0.86;
95% Cl: 0.75, 0.98). The authors of this study adjusted their analysis for sex, age group, race,
location, PPE, housing, AGPs, exposure to person with COVID-19 (co-worker, household, patient),
occupation, and workplace (emergency department, intensive care unit [ICU], fire service, police).
Four additional smaller cross-sectional studies were identified. One study surveyed 105 HCP who
were exposed to patients with COVID-19 [35]. There were 18 seropositive close contacts, of which
10 wore disposable non-surgical face masks. There were also 87 seronegative close contacts, of
which 68 wore disposable non-surgical face masks (aOR: 0.13; 95% Cl: 0.02, 0.97). The second study
interviewed 903 HCP who reported contact with patients with COVID-19 [36]. One-hundred fifteen
HCP tested positive for COVID-19, of whom 50 (44%) used surgical masks. A total of 788 HCP tested
negative for COVID-19; however, data was only available for 144 HCP, of whom 91 (63%) wore a
surgical mask. In the third study, out of 138 HCP tested, seven were positive for COVID-19. Of those,
15% wore an N95 mask for every patient visit compared to 29% wearing N95 from the 131 HCP
testing negative for COVID-19 [37]. In the fourth study of 3,064 emergency department providers,
164/3064 (5.1%) tested positive for SARS-CoV-2. Of this population, 73/944 (7.3%) were from “high
level of protection hospitals” (i.e., hospitals where everybody wore FFP2 masks or equivalent) and
91/2099 (4.0%) from “other hospitals” (i.e., hospitals where some providers did not wear FFP2
masks or equivalent). However, the adjusted analysis for a hospital testing policy reported no

statistical difference in infection rates between the hospitals [38].

Our research also identified two case-control studies reporting on interview schedules and
guestionnaires of HCP. In Khalil 2020 [39], 98 physicians testing positive for COVID-19 were matched
with 92 physicians identified as negative for COVID-19 (i.e., physicians with no symptoms or who
tested negative and had known or unknown interactions with COVID-19 positive patients). Of the
HCP who tested positive, 95.5% (85/89) wore unspecified N95 masks. Of the HCP who tested
negative, 96.7% (89/92) wore unspecified N95 masks. The second case-control study looked at
outcomes of unspecified mask use compared with non-mask use [40]. Symptomatic HCP who tested
positive on PCR were considered cases, while symptomatic HCP who tested negative were deemed
controls. In the control group, 92.76% (346/373) reported wearing masks; in the case group, only

82% (310/378) reported wearing masks.

Lastly, three retrospective cohort studies were identified. In Kohler 2020 [41], 1,012 hospital
workers who had antibody (Ab) testing were followed. Of those, three of 10 (30%) who tested

positive wore a mask, while 562 of 1,002 (71.1%) people who tested negative wore a mask (OR 0.17;



95% Cl: 0.04, 0.68). In X. Wang 2020 [42], researchers looked at a total of 493 medical staff. Two-
hundred seventy-eight staff members were in the departments of Respiratory Medicine, ICU, and
Infectious Diseases and wore N95s, while 213 staff members in Hepatobiliary Pancreatic Surgery,
Trauma, Microsurgery, and Urology did not wear masks at all. Of those reporting wearing N95s,
0/278 (0%) staff members became infected with COVID-19 compared with 10/213 (4.7%) staff who
did not wear masks. The third study used a pre-post design with the introduction of a hygiene
bundle that included a mandatory surgical mask. A total of 1,061 patients were evaluated before
intervention, while 5,045 patients used the hygiene bundle. Twenty-seven patients (13.7%) in the
standard protocol were confirmed with SARS-CoV-2 while 86 patients (10.3%) in the hygiene bundle
were confirmed with SARS-CoV-2 (OR 0.70: 95% Cl 0.44, 1.11) [43].

Other considerations

Evidence to support the use of N95 respirators or surgical masks (as compared with no
masks or infrequent mask use) is derived from observational studies. The best evidence come from a
single comparative cohort study that was rated up for presence of both large magnitude of effect
and suspected dose-response gradient informed by the association between duration of
mask/respirator use and size of protective effect. Although the study had some concerns with
residual confounding, the direction of the risk of bias due to residual confounding could have only
decreased the already large effect (e.g., infection from community not wearing mask, or HCP
interaction while not on patient duty) (Table 1). Thus, the overall certainty of evidence was
moderate. Additional studies with concerns with risk of bias or indirectness showed consistent trend

towards a protective effect when masks were used.

Conclusions and research needs for this recommendation

The guideline panel recommends that HCP caring for confirmed or suspected COVID-19
patients use a medical mask or an N95. Comparative data for use of N95 versus medical mask was
limited. Additional well-designed RCTs or prospective cohort studies with appropriate active
comparison groups are needed to address the potential superiority of N95 or higher-grade

respirators compared with surgical masks in HCP taking care of patients with COVID-19.

Current CDC and U.S Occupational Safety and Health Administration (OSHA) guidelines and
regulations indicate that HCP use respirators for the care of patients with known or suspected
COVID-19. This guidance supersedes the evidence-based recommendation in this document for
healthcare facilities in the United States. The approach used and recommendations made by the

IDSA guideline panel highlights the need for additional research to address this important gap. Like



other workplace hazards, PPE does not function independently of other risk reduction interventions,
including ventilation and filtration, testing, and vaccination. Unlike other workplace hazards,
epidemic infectious diseases also put HCP at risk when away from patients (e.g., break rooms) and
away from the workplace, which creates challenges when evaluating the impact of an intervention
like PPE. The biology of COVID-19, especially viral loads in the airway of affected individuals, creates

additional confounders for evaluation.



Table 1. GRADE evidence profile, Recommendation 1

Question: N95 medical/surgical mask compared to no PPE (no mask) or infrequent PPE (inconsistent use of mask) in healthcare personnel caring for patients with suspected or
known COVID-19

Last reviewed and updated 3/30/2021

SARS-CoV-2 infection

11 observational not not serious not serious | not serious strong 540/5242 369/2109 OR 0.54¢ 72 fewer per 1,000 @ @ @O
studies serious association (10.3%) (17.5%) (04710 0.63) | (from 84 fewer to 57
d fewer) MODERATE

SARS-CoV-1 infection

526 | observational not not serious | not serious @ | not serious strong 9/163 (5.5%) 86/234 OR0.12 302 fewer per 1,000 @@ @O
studies serious association (36.8%) (0.06 to 0.26) (from 334 fewer to
236 fewer) MODERATE

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

Risk of bias: Study limitations

Inconsistency: Unexplained heterogeneity across study findings

Indirectness: Applicability or generalizability to the research question

Imprecision: The confidence in the estimate of an effect to support a particular decision
Publication bias: Selective publication of studies

Cl: Confidence interval; OR: Odds ratio; PPE: Personal protective equipment
Explanations

a. Although the studies reported on the SARS outbreak, given the similarities between the SARS-CoV-1 and SARS-CoV-2, we did not rate down for indirectness.

b. The evidence was rated up for presence of both large magnitude of effect and suspected dose-response gradient informed by the association between duration of
mask/respirator use and size of protective effect [Sims and Akinbami].

c¢. Additional studies with concerns with risk of bias or indirectness showed consistent trend towards a protective effect when masks were used [Akinbami 2020, Chen 2020,
Piapan 2020, Khalil 2020, Chatterjee 2020, Kohler 2020, and X. Wang 2020] Although the study has residual confounding, the direction of the RoB due to residual confounding
could have only decreased the already large effect (infection from community not wearing mask, or HCP interaction while not on patient duty).
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Table 2. GRADE evidence profile, Recommendation 1
Question: N95 respirator compared to medical/surgical masks in healthcare personnel caring for patients with suspected or known COVID-19
Last reviewed and updated 3/30/2021

SARS-CoV-2 infection

11 observational | serious 2 not serious not serious not serious none 540/5242 | 182/1390 OR0.76 28 fewer per 1,000 @ a
studies (10.3%) (13.1%) (0.64t00.91) | (from 43 fewer to 10
fewer) VERY LOW

SARS-CoV-1 infection

313 | observational | serious® not serious not serious ¢ serious ¢ none 41141 24/452 OR 0.86 7 fewer per 1,000 @ G@
studies (2.8%) (5.3%) (0.22 t0 3.33) | (from 41 fewer to 104
more) VERY LOW

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

Risk of bias: Study limitations

Inconsistency: Unexplained heterogeneity across study findings
Indirectness: Applicability or generalizability to the research question
Imprecision: The confidence in the estimate of an effect to support a particular decision

Publication bias: Selective publication of studies

CI: Confidence interval; OR: Odds ratio
Explanations

o

Study has residual confounding.

There were concerns about recall bias.

Although the studies reported on the SARS outbreak, given the similarities between the SARS-CoV-1 and SARS-CoV-2, we did not rate down for indirectness.
There were concerns about imprecision with a low event rate and the boundaries of the confidence interval cross the clinical threshold.

oo o
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Recommendation 2: The IDSA guideline panel suggests that healthcare personnel caring for patients
with suspected or known COVID-19 use eye protection compared with no eye protection as part of

appropriate PPE*. (Conditional recommendation, very low certainty of evidence)

*Appropriate personal protective equipment includes—in addition to a mask or respirator—eye

protection, gown, and gloves.

Summary of the evidence

Our search identified direct comparative evidence reporting on eye protection from case-
control, pre-post intervention, cross-sectional and cohort studies. We did not identify any comparative
evidence reporting on COVID-19 infection rates with or without eye protection from RCTs. Lab

experiments and single arm cohort studies without a comparison arm were excluded.

Two cross-sectional studies used standardized online questionnaires to measure eye protection
use and SARS-CoV-2 infection rates in HCP [34, 38]. One observational study from the Netherlands [38],
included 3,064 emergency department providers, of whom 164/3064 (5.1%) tested positive for SARS-
CoV-2. Of this population, 73/944 (7.3%) were from “High level of protection hospitals” (i.e., hospitals
where everybody wore eye protection) and 91/2099 (4.0%) from the “Other hospitals” (i.e., hospitals
where some providers did not wear eye protection). The adjusted analysis reported no statistical
difference in infection rates between the hospitals. The second cross-sectional study from Detroit, Ml,
reported 1131/16,397 (6.9%) HCP positive for SARS-CoV-2. Similarly, there was no difference for eye
protection within the adjusted analysis (OR: 1.12; 95% Cl: 0.94, 1.32) [34].

In addition, two case-control studies [39, 40] surveyed or interviewed HCP with confirmed SARS-
CoV-2 (cases) and matched them with SARS-CoV-2-negative HCP from the same healthcare system
(controls) during usual patient care. In one study, 55/92 (59.8 %) of the COVID-19 positive physicians
wore face-shield/goggles compared to 68/88 (77.3%) of the COVID-19 negative physicians (OR 0.44; 95%
Cl: 0.228-0.8). During AGPs, 39/55 (70.9%) of the COVID-19 positive physicians reported wearing eye
protection compared to 52/67 (77.6%) of the COVID-19 negative physicians (OR 0.702; 95% Cl: 0.310—
1.593) [39]. The second study of 378 cases and 373 controls, reported a decrease in infection among

persons wearing face shields (OR: 0.81; 95% Cl: 0.61-1.08) [40].

Lastly, in a pre-post intervention study [44], 112 community HCP were assigned to counsel

asymptomatic family contacts of patients who had tested positive for SARS-CoV-2 at their residence.



After visits to 31,164 patients with COVID-19, 12/62 (19%) of the HCP reported positive for SARS-CoV-2.
After adding face shields to standard PPE, 0/50 HCP reported positive for SARS-CoV-2 following visits to
118,428 patients (2682 of whom were positive for SARS-CoV-2).

Other considerations

Evidence to support the use of eye protection (as compared with no eye protection) is derived
from observational studies. Furthermore, those studies had critical concerns for risk of bias such as
selection bias, bias in the classification of the intervention, and recall bias. Additionally, the body of
evidence that informed the recommendation was too heterogenous to pool quantitatively in a meta-
analysis; therefore, a narrative synthesis of the data was performed (Table 3). The overall quality of
evidence was very low due to concerns with risk of bias, inconsistency, and imprecision. While the
certainty of the evidence was determined to be very low, the panel recognized that even with a putative
benefit, the addition of eye protection to PPE does not represent a substantial use of resources;
however, the panel noted a potential undesirable consequence might be an increase in hand-to-face

contact.

Conclusions and research needs for this recommendation

In summary, there is very low certainty evidence of a reduction in SARS-CoV-2 infection rates
among HCP who wear eye protection, in addition to standard PPE. This recommendation was informed
by observational studies that either demonstrated a modest reduction or no meaningful reduction in the
risk of SARS-CoV-2 infection. However, in addition to this modest reduction in infection, the guideline

panel determined that there is unlikely to be harm in the addition of eye protection to standard PPE.

The guideline panel recommends that HCP caring for confirmed or suspected COVID-19 patients
use eye protection in conjunction with other recommended PPE and appropriate hand hygiene. The
guideline panel also recognizes that additional well-designed studies are needed. Ideally, the evidence
should come from well-designed pragmatic cluster RCTs that, for example, compare consistent eye
protection in a controlled environment to current eye protection practices. Similarly, large prospective
cohort studies with appropriate comparison groups and integration with prospective outcome registries
are needed to address the potential superiority of eye protection compared to no eye protection in HCP
caring for suspected or confirmed COVID-19 patients. Lastly, infectivity from community settings should

be considered and adjusted for when designing studies addressing eye protection.



Table 3. GRADE evidence profile, Recommendation 2

Question: Eye protection compared to no eye protection in healthcare personnel caring for patients with suspected or known COVID-19
New evidence profile developed 3/30/2021

SARS-CoV-2 infection

515 observational @@8@ No direct comparative evidence from RCTs. However, direct evidence was examined from case-control, pre-post intervention, and
studies comparative observational cohort studies. Total number of HCP included from the five studies was 20,504. In summary, there is very low

VERY LOWzbe certainty evidence that in HCP who had eye protection in addition to standard PPE, there is a lower infection rate of SARS-CoV-2.

|. Two cross-sectional studies:

- Schmitz 2020": Adjusted OR reported no difference between the hospitals with high protection (including eye protection) and
other hospitals.

- Akinbami 20202: No difference for eye protection adjusted OR 1.12 (95% Cl: 0.94-1.32)

[l. Two case-control studies:
- Khalil 20203: Reduction in infection rates with eye protection OR 0.437 (0.228-0.8)
- Chatterjee 2020* Unadjusted OR for face shield use 0.81, (95% CI: 0.61-1.08)

lll.  One pre-post intervention study:

- Bhaskar 20205 Community HCP visited people at their home; 12/62 (19%) of the HCP got infected. After adding a face shields
to the other PPE, no workers were infected.

Cl: Confidence interval; HCP: Healthcare personnel; OR: Odds ratio; PPE: Personal protective equipment
Explanations

a. Critical concerns with unmeasured confounding, selection bias, and bias in the classification of interventions (self-reported exposure, at home or work). In the case-control
studies, there was a concern for selection bias (unclear how they select the controls) and recall bias.

b. Inconsistency across study results possibly attributable to differences across study populations and study designs.

c. Imprecision as 95% confidence interval may not include a clinically meaningful benefit.
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In CONVENTIONAL, CONTINGENCY, or CRISIS CAPACITY SETTINGS:

Recommendation 3: The IDSA guideline panel makes no recommendation for the use of double gloves

versus single gloves for healthcare PPE*. (Knowledge gap)

*Appropriate personal protective equipment includes—in addition to a mask or respirator—eye

protection, gown, and gloves.

Summary of the evidence

There were no comparative studies that compared double versus single gloves to decrease
infection rates. However, there is a theoretical risk of organism transfer from contaminated PPE to
hands after removal of the contaminated gloves or clothing that may contribute to infection. In one
study, swabs from 30 HCP PPE were collected after they exited COVID-19 patient rooms. There were no
positive samples out of 90 collected swabs [45]. Furthermore, in a laboratory experiment simulating
droplet contamination [46] two groups of participants were contaminated with bacteriophage MS2 after
both groups donned a full set of PPE as per CDC guidance [47]. One group wore one pair of gloves over
the gown sleeve. The second group donned two pairs of latex gloves. The first (inner) pair of gloves was
applied under the gown sleeve and the second (outer) pair was placed over the first pair positioned over
the gown sleeve. During the doffing phase, the inner pair of gloves was removed last. The double-glove
strategy was associated with less contamination than the single-glove strategy [46]. However, there was
no report of hand hygiene or use of hand sanitizer between doffing sequences in the one glove group as
per CDC recommendations which may have decreased the contamination in the single glove group [47].
A Cochrane systematic review found that contamination of body parts with MS2 virus was less with the
use of double gloves than with single gloves, but the contamination of body parts as detected with

fluorescent marker was not different [48].

Other considerations

The panel determined that there was insufficient evidence to make a recommendation on the

use of double gloves.



Conclusions and research needs for this recommendation

There is conflicting indirect and experimental evidence on the importance of double gloving as a
component of appropriate PPE when caring for a patient with suspected or known COVID-19. Further
studies are needed to compare different glove doffing strategies to prevent infection in HCP performing

usual care on COVID-19 patients.

Recommendation 4: The IDSA guideline panel makes no recommendation for the use of shoe covers
versus no shoe covers for healthcare personnel caring for patients with suspected or known COVID-19

as part of appropriate PPE*. (Knowledge gap)

*Appropriate personal protective equipment includes—in addition to a mask or respirator—eye

protection, gown, and gloves.

Summary of the evidence

There were no studies that evaluated shoe covers as part of routine PPE and COVID-19
transmission. In the study by Ong et al, HCP PPE was swabbed (~90 swabs obtained) after they exited
COVID-19 patient rooms. Only one PPE swab obtained from the surface of a shoe front was found

positive [45].

Other considerations

There were no studies that evaluated shoe covers as part of routine PPE and COVID-19
transmission. In the study by Ong et al, HCP PPE was swabbed (~90 swabs obtained) after they exited
COVID-19 patient rooms. Only one PPE swab obtained from the surface of a shoe front was found

positive [45].

Conclusions and research needs for this recommendation

Current guidance on PPE endorses the use of shoe covers when there is concern for splash risk
from fluids that may contain pathogens. Further studies are needed to determine if shoe covers have

any role in protecting HCP from infection in the context of COVID-19.



Aerosol-Generating Procedures

Background

Person-to-person transmission of SARS-CoV-2 virus occurs primarily via exposure to an
infectious person’s respiratory droplets. Respiratory protection (i.e., surgical mask) prevents droplets
from contacting the mucous membranes of a person’s nose and mouth. Some medical procedures are
more likely to generate higher concentrations of infectious small particle (<0.5 um) respiratory aerosols.
These procedures, referred to as AGPs, could potentially increase HCP exposure risk to SARS-CoV-2 (see
Table 4 for the lists of AGPs from various organizations). Thus, a higher level of respiratory protection
may be needed to protect HCP from inhaling smaller aerosolized particles. N95 and higher-level
respirators, such as disposable FFRs, PAPRs, and elastomeric respirators provide additional protection
due to their filtering capabilities. As with droplet transmission, eye protection in the form of goggles or

face shield, is required.

In CONVENTIONAL SETTINGS:

Recommendation 5: The IDSA guideline panel recommends that healthcare personnel involved with

aerosol-generating procedures on suspected or known COVID-19 patients use an N95 (or N99 or

PAPR) respirator instead of a medical/surgical mask, as part of appropriate PPE*. (Strong

recommendation, very low certainty of evidence)

e Remark: Despite the very low quality and indirect evidence supporting this
recommendation, the IDSA guideline panel placed a high value on avoiding serious

harms to exposed healthcare personnel.

*Appropriate personal protective equipment includes—in addition to a mask or respirator—eye

protection, gown, and gloves.

Summary of the evidence

There was no direct evidence on AGPs and rates of COVID-19 infection among HCP. Indirect

evidence from the SARS epidemic was used to inform this recommendation. Based on observational



data, among infected HCP with SARS, exposure to an AGP such as tracheal intubation was associated
with a higher risk of infection (see Table 5) [49]. Evidence from laboratory simulation data also provided
indirect evidence on the viability of aerosolized SARS-CoV-2 [50]. Additionally, data on environmental
contamination was obtained by sampling various surfaces and air samples from confirmed COVID-19
patient rooms: 87% (13/15) room sites (including air exhaust outlet fans) returned positive SARS-CoV-2
on RT-PCR results and 60% (3/5) toilet sites (including toilet bowl, sink, and door handle) returned
positive SARS-CoV-2 on RT-PCR results. Air samples were negative despite the extent of environmental

contamination [51].

Other considerations

Evidence to support the use of N95 or higher-level respirators instead of surgical masks for HCP
involved in AGPs was based on observational studies and experimental laboratory data. The overall
certainty of evidence was very low due to limitations in the retrospective observational data and recall
bias. However, the IDSA guideline panel made a strong recommendation for N95 or higher-level

respirators, placing a high value on preventing infection among HCP.

Conclusions and research needs for this recommendation

The guideline panel recommends that when an AGP is being performed on a patient with
suspected or known COVID-19, all involved HCP should wear an N95 or higher-level respirator, in
addition to a gown, gloves and eye protection. Additional clinical studies are needed to inform our
understanding of SARS-CoV-2 respiratory transmission in the healthcare setting. Studies are especially

needed to clarify which medical procedures require a higher level of respiratory protection.



Table 4. Various organizations’ list of aerosol-generating procedures

Organization Procedures Listed

CDC (COVID-19 guidance)* e Open suctioning of airways

e Sputum induction

e Cardiopulmonary resuscitation

e Endotracheal intubation and extubation

e Non-invasive ventilation (e.g., bilevel positive airway
pressure, continuous positive airway pressure)

e Bronchoscopy
e Manual ventilation

CDC (Seasonal influenza e Bronchoscopy
guidance)* e Sputum induction

o Elective intubation and extubation
e Autopsies

e Cardiopulmonary resuscitation

e Emergent intubation

e Open suctioning of airways

WHO (COVID-19 guidance)® e Tracheal intubation, non-invasive ventilation
e Tracheotomy

e  Cardiopulmonary resuscitation

e Manual ventilation before intubation

e Bronchoscopy

WHO (Epidemic and pandemic- e Aspiration of respiratory tract
prone acute respiratory

diseases)* e Intubation

e Resuscitation
e Bronchoscopy
e Autopsy
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Table 5. Risk of SARS transmission to healthcare personnel exposed and not exposed to aerosol-
generating procedures; and aerosol-generating procedures as risk factors for SARS transmission ®

Type of Aerosol-Generating Procedure OR 95% ClI
Tracheal intubation 6.6 2.3-18.9
Manipulation of oxygen mask 4.6 0.6-32.5
Tracheotomy 4.2 1.5-11.5
Manipulation of BiPAP mask 4.2 0.6-27.4
Suction before intubation 3.5 0.5-24.6
Non-invasive ventilation 3.1 1.4-7.2
Manual ventilation before intubation 2.8 1.3-6.4
Collection of sputum sample 2.7 0.9-8.2
Defibrillation 2.5 0.1-43.9
Bronchoscopy 1.9 0.2-14.2
Chest compressions 1.4 0.2-11.2
Insertion of nasogastric tube 1.2 0.4-4.0

BiPAP: Bilevel positive airway pressure Cl: Confidence interval OR: Odds ratio

Explanation/Reference

a. Adapted from: Tran K, Cimon K, Severn M, Pessoa-Silva CL, Conly J. Aerosol generating procedures and risk of
transmission of acute respiratory infections to healthcare workers: a systematic review. PLoS One 2012; 7(4):
e35797.




In CONVENTIONAL, CONTINGENCY, or CRISIS CAPACITY SETTINGS:

Recommendation 6: During contingency or crisis capacity settings (N95 respirator shortages), the IDSA

guideline panel suggests that healthcare personnel involved with aerosol-generating procedures on

suspected or known COVID-19 patients use a REPROCESSED N95 respirator for reuse instead of
medical/surgical masks as part of appropriate PPE*. (Conditional recommendation, very low certainty

evidence)

*Appropriate personal protective equipment includes—in addition to a mask or respirator—eye

protection, gown, and gloves.

Summary of the evidence

We did not identify any comparative evidence from RCTs or cohort studies reporting on the
infection rates of HCP using reprocessed N95 respirators rather than new or unprocessed N95
respirators, nor did we identify any direct evidence on infection rates using reprocessed masks.
However, one cohort study reported an increased risk of positive COVID-19 tests among HCP who
reported reuse of PPE compared to adequate PPE use (adjusted hazard ratio: 1.46; 95% Cl: 1.21-1.76)
[52]. This cohort study of the general community, including 99,795 frontline HCP, collected self-reported

information through the COVID Symptom Study Smartphone application.

Furthermore, indirect evidence is available on re-processing of N95s utilizing ultraviolet (UV)
radiation, heat, 70% ethanol and vaporized hydrogen peroxide (VHP) and reuse of N95s. Studies
measured fitting factors by using PortaCount equipment for fit testing, which assessed the number of
cycles that the N95 can be reused after re-processing without failing the fit test (Supplementary Table

s6).

Six studies using hydrogen peroxide (HP) were identified, of which four used VHP [53-56], one
used plasma HP [57], and one used ionized HP [58]. Studies measured filtration efficiency by assessing
for ability to filter particles down to 0.3 um using aerosolized sodium chloride challenge by National
Institute for Occupational Safety and Health (NIOSH) precertification, direct measurement, or detection
of the SARS-CoV-2. They also measured fit factor using quantitative fit testing with PortaCount
equipment after respirator use and HP decontamination. Most of the studies conclude that all N95

respirator models can be decontaminated and reused up to three cycles. Similar conclusions supporting



effective filtration and adequate fit factor with reuse of respirators after three cycles came from two

studies on UV electromagnetic radiation decontamination [53, 59].

Similarly, heat with moisture generated by steam sterilization in three studies [60-62], by 50%
relative humidity in one study [63], and by moisture alone (85 °C, 60-85% humidity) in one study [64]

supported safe reuse after decontamination in up to three cycles.

Decontamination using dry heat administered at temperatures of 70-121 °C used in four studies
[53, 63, 65, 66] and 70% ethanol used in one study [53] demonstrated acceptable filtration efficacy;
however, respirator fit was impaired after one to two reuse cycles. In addition, those studies did not use

decontamination methods that were NIOSH compliant.

Other considerations

No studies directly compared reprocessed N95 respirators with new or unprocessed N95
respirators, nor did any report on infection rates using reprocessed masks. Evidence informing this
recommendation is from one cohort study that relied on self-report of PPE. Concerns with the certainty
of the evidence included risk of bias and indirectness. Concerns with risk of bias included lack of
adjustment for HCP behavior outside of the healthcare setting, as well as recall bias from self-reported
data collection. The comparison of PPE reuse to adequate PPE use was indirect to the research question.
In addition, the study did not report on the length of respirator use or number of cycles of respirator
use. Additional indirect evidence came from decontamination methods studies that assessed mask
integrity, filtration efficiency, and fit performance; however, none of these studies provided
comparisons of reprocessed N95 respirators with new or unprocessed N95 respirators, and no direct
evidence on infection rates using reprocessed masks was identified. Thus, the overall quality of evidence

for this PICO question was very low.

Conclusions and research needs for this recommendation

The guideline panel suggests that during contingency or crisis situations involving shortages of
N95 respirators reprocessed N95 respirators are to be reused instead of surgical masks as part of
appropriate PPE when HCP conduct AGPs in patients with suspected or known COVID-19. Additional
clinical studies are needed to characterize the risk of dispersal and acquisition of SARS-CoV-2 during

AGPs in clinics, acute care and critical care wards and airborne infection isolation facilities.



Further investigations are needed to identify and validate optimal methods for reprocessing N95
respirators to meet safety requirements for HCP including infection rates associated with use of

reprocessed N95 respirators.

Recommendation 7: During contingency or crisis settings (respirator shortages), the IDSA guideline

panel recommends that healthcare personnel involved with aerosol-generating procedures on
suspected or known COVID-19 patients add a face shield or medical/surgical mask as a cover for the
N95 respirator to allow for EXTENDED use as part of appropriate PPE*. (Strong recommendation, very

low certainty evidence).

e Remark: This recommendation assumes correct doffing sequence and hand hygiene are
performed before and after removing the face shield or medical/surgical mask covering

the respirator.

Recommendation 8: During contingency or crisis settings (respirator shortages), the IDSA guideline

panel suggests that healthcare personnel involved with aerosol-generating procedures on suspected

or known COVID-19 patients add a face shield or medical/surgical mask as a cover for the N95
respirator to allow for REUSE as part of appropriate PPE*. (Conditional recommendation, very low

certainty evidence).

e Remark: This recommendation assumes correct doffing sequence and hand hygiene are
performed before and after removing the face shield or medical/surgical mask covering

the respirator.

*Appropriate personal protective equipment includes—in addition to a mask or respirator—eye

protection, gown, and gloves.

Summary of the evidence

Extended use [67] is defined as wearing the same N95 respirator for multiple different and
consecutive patient encounters without removal between encounters. The CDC recommends a
maximum extended use period of 8-12 hours [67]. Reuse is defined as wearing the same N95 respirator

for multiple different patient encounters but doffing between encounters. Unless the manufacturer



specifies otherwise, the CDC suggests limiting N95 respirator reuse to no more than five times per
device [67]. In contingency or crisis capacity settings (shortage of N95 respirators), no direct evidence on
extended use or reuse of N95 respirator was identified. Additionally, no indirect comparative evidence

on infection rates among HCP was identified (Table 6).

During the HIN1 pandemic, more than 40% of HCP reported extended use or reuse of an N95
respirator [68, 69]. During an influenza pandemic or other widespread respiratory pathogen outbreak,
the CDC recommends the addition of a cleanable face shield on top of an N95 respirator to reduce
respirator contamination [70]. Anecdotal reports of surgical masks being worn.over N95 respirators
were reported during the SARS outbreak. The face shield or surgical mask is felt to serve as a barrier to
surface contamination thereby extending the life of the N95 respirator. However, the effect of extended

use of this combination on infection rates among HCP has not been reported [71].

Based on laboratory evidence, in vitro testing on durability and endurance of N95 respirators
suggests that three to five consecutive donnings can be performed before fit factors consistently drop
predicting an unsafe fit [72]. In a survey of frontline HCP, 97% reported predominantly mild skin damage

with extended use of an N95 respirator during the current COVID-19 pandemic [73].

Other considerations

The available evidence to inform this recommendation included anecdotal reports, experimental
laboratory data and mathematical models. Strategies using a face shield or surgical mask to cover an
N95 respirator and extend the life of the respirator were used in other pandemics. Additionally, in vitro
testing was performed on durability and fit endurance of N95 respirators. The overall certainty of the
evidence was low due to concerns about the observational data and lack of evidence on infection rates

in HCP using N95 respirators for extended periods or reusing respirators.

Conclusions and research needs for this recommendation

The guideline panel recommends that, should extended or reuse of an N95 respirator become
necessary in a contingency or crisis setting (i.e., N95 respirator shortage), HCP should place some type of
barrier (face shield or surgical mask) over the N95 respirator while performing AGPs to reduce
contamination of the N95 respirator. Either extended use or reuse strategies are preferred to a surgical
mask alone when performing AGPs. These recommendations are based on indirect evidence suggesting
that masks/respirators are frequently contaminated during AGPs and direct evidence suggesting that

HCP routinely touch masks/respirators while wearing. As a result, the guideline panel believes these



recommendations lead to increased safety for HCP and decreased risk of self-inoculation from a

contaminated N95 respirator when worn for an extended period or reused on separate occasions.

Randomized controlled trials and prospective outcome registries are needed to inform
strategies to prevent infection in HCP during contingency and crisis settings in which recommendations
for use of PPE in conventional settings cannot be adhered to. Additional studies are also needed to
characterize the true impact of extended use and reuse on N95 respirator fit and filtration, including
identifying simple thresholds above which these strategies would no longer be
recommended. Techniques for safely storing the N95 respirator between reuse (e.g., in a clean,
breathable container) and preventing HCP contamination during donning and doffing require
evaluation. Combining extended use or reuse with other conservation strategies such as alternating
between different N95 respirators at a set interval or performing N95 disinfection may further improve

safety and merits investigation.



Table 6. GRADE evidence profile, Recommendation 8
Question: Extended use/reuse of same N95 vs. medical/surgical masks for COVID-19 prevention in healthcare personnel caring for patients with suspected or known COVID-19
Last updated 4/30/2020; last reviewed 3/30/2021

SARS-CoV-2 infection

919 Anecdotal reports @@8@ There was no direct evidence found on infection rates with extended use of N95 respirators during the COVID-19 pandemic.

Furthermore, indirect evidence from other pandemic outbreaks did not reveal empiric data on infection rates. However, there were
reports of anecdotal experience on extended use, laboratory experiments, and mathematical models. Experiments on tolerability of
the N95 respirator with prolonged use showed that HCP were able to tolerate the N95 respirator for 89 of 215 (41%) total shifts of
eight hours. In the remaining shifts, N95 respirators were discarded before eight hours because of contamination or due to
intolerance." Anecdotal reports also showed that more than 40% of HCP reported extended use or reuse of their N95 respirator
during the H1N1 pandemic.23 A mathematical model to calculate the potential influenza contamination of office masks from aerosol
sources in various exposure scenarios showed that surgical mask contamination levels from a single cough (=19 viruses) were
much less than likely levels from aerosols (4,473 viruses on filtering facepiece respirators and 3,476 viruses on surgical masks).4
Laboratory tests have reported that five consecutive donnings can be performed before fit factors consistently drop to unsafe
levels.5 Extended use of N95 respirators during the COVID-19 pandemic has been associated with skin irritation. In a survey study,
97% of first-line HCP reported (mostly mild) skin damage.®

Experiments under VERY.LOWa2b
laboratory conditions

Anecdotal reports of the use of surgical masks over N95s as a barrier to pathogens (so as to extend the life of the N95 respirator)
have been published.” This strategy was sparingly utilized during the SARS outbreak, but the effect on HCP infections was not
reported. Narrative reports, news conference reports, including the CDC recommendation® during H1N1 pandemic advised use of a
cleanable face shield or surgical mask to reduce N95 respirator contamination.®

CDC: Centers for Disease Control and Prevention; HCP: Healthcare personnel
Explanations

a. Experimental data and observational evidence with no comparator to understand the risk of the acceptable protection from COVID-19
b. There are multiple layers of indirectness, including different populations (some studies reported on Influenza virus or simulation studies on healthy volunteers) and indirect
outcomes (tolerability of the mask or laboratory evidence of contamination) instead of infection rates among healthcare personnel
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Narrative summaries

In addition to the clinical questions addressed above, the panel identified several
infection prevention topics for which additional data are needed to formulate

recommendations. Narrative summaries are provided below.

Does the use of N95 respirators require fit testing beyond ensuring a good seal?

N95 FFRS should be fit tested to demonstrate that a tight seal is maintained during routine
activity. This will ensure maximal protection when HCP are involved in performing an AGP on COVID-19
patients [74]. Many different respirators are manufactured and variations in quality may exist [75, 76];
therefore, appropriate testing should occur to ensure appropriate fit. OSHA requires an initial fit test to
identify the appropriate model, style, and size of the respirator [77]. Several methods for fit testing can
be used to establish appropriate fit including inward leakage [78], qualitative fit test [79], quantitative
eight-step fit test [80], fast five-step test [81], and, for certain respirators even a panel passing rate [82].
Visual or manual inspection of fit has been shown to be inaccurate and some form of quantitative fit

testing provides the best method to ensure adequate fit and protection [83].

What is the role of PAPRs in contingency or crisis capacity settings?

Access to PAPRs may be even more limited due to cost and need for both routine
maintenance and processes to ensure adequate cleaning and disinfection between uses; they
can be considered if a healthcare facility has an established PAPR program that can
appropriately service, clean, disinfect, and turn around these devices for the next user.
Programs that incorporate PAPRs must also include programs for battery supply and
maintenance. Healthcare personnel must complete formal competency training on how to use
appropriately, as well as how to safely doff the PAPR hood to avoid self-contamination in the
process [84]. Removal of PAPR hoods is more complicated than removal of an N95 or similar

respirator and may increase the risk of self-contamination.



Should universal masking be used to prevent COVID-19 transmission in healthcare

settings?

In addition to personal protection, the major purpose of universal masking is to limit
transmission of viral particles from individuals wearing the mask (who may be asymptomatic or

minimally symptomatic) to other individuals and the environment (i.e., source control).

Prior to COVID-19, we identified four studies of universal masking in a tertiary care hospital and
certain high-risk settings. During the pandemic influenza A HIN1 in 2009, surgical mask use by HCP and
visitors was promoted in the hospital. With these measures, only four (0.48%) of 836 persons who were
exposed to laboratory-confirmed patients and staff with A/2009/H1N1 infection were confirmed to have
A/2009/H1N1 infection. Not wearing a surgical mask, either by exposed persons during contact with
index cases (4/4 vs. 264/832) or vice versa (4/4 vs. 300/832), was found to be a significant risk factor for
the nosocomial acquisition of A/2009/H1N1 infection [85]. One prospective single-center study
examined the impact of universal masking of all staff and visitors, regardless of symptoms or season,
when in direct contact with hemopoietic stem cell transplant (HSCT) patients. Using a time series
approach adjusted for season and year, the authors demonstrated a significant decrease in RVIs from
10.3% (95/920 patients) in the pre-mask period (2003-2009) to 4.4% (40/911) in the post-mask period
(2010-2014), regardless of transplant type [86]. Another single-center quality improvement study
assessed the impact of universal masking of all staff and visitors on the incidence of RVIs in a HSCT unit
in a pre-post comparison without adjustment. There were 14 RVIs over 15,001 patient days in the pre-
mask period versus two RVIs over of 15,608 patient days in the post-mask period [87]. A similar pre-post
study of universal masking was performed in a neonatal intensive care unit (NICU) and special care
nursery in Sweden. The incidence of RVIs during the pre-masking period (Jan 2014-Sept 2015) was
compared to the incidence in the post-masking period (Oct 2015-Sept 2016). A non-significant decline in
the RVI rate was observed in the special care nursery (5 per 10,000 patient days to 2 per 10,000), but
declines were not observed in the NICU (1 per 10,000 vs. 2 per 10,000) [88].

Since the start of the COVID-19 pandemic, four studies have been published on the impact of

universal masking in healthcare settings [89-92].

One study focused on the impact of universal masking of HCP and patients on the incidence of
influenza A, influenza B and RSV in current and corresponding seasons in the past three years [89]. After

implementation of universal masking in the healthcare setting, all nosocomial RVIs were eliminated,



demonstrating the importance of masks in interrupting transmission of respiratory viruses [89]. Three
additional U.S.-based studies compared COVID-19 incidence rates among HCP over time (pre-
intervention, intervention, and post-intervention periods). Similar findings were noted across studies
with significant declines in positivity after implementation of universal masking of HCP, with or without
universal masking of patients [90-92]. Two studies also compared similar trends in community incidence
rates during the same period [91, 92], and one also estimated differences between healthcare-
associated and community-associated HCP infection rates [91], lending further support for the use of

universal masking to prevent COVID-19 transmission in healthcare settings.

These clinical studies likely demonstrated declines to which concomitant adherence to hand
hygiene, maintaining physical distancing, and other appropriate precautions in high-risk settings likely
contributed. Nonetheless, there is likely significant benefit associated with universal masking in the

absence of resource constraints.

Does the addition of a “negative pressure room” / airborne infection isolation
room provide increased safety for healthcare personnel working with suspected or

known COVID-19 patients?

The role of an airborne infection isolation room (AlIR), or negative pressure room, as an
intervention to increase safety for HCP caring for suspected or known COVID-19 patients remains
unclear. Negative pressure rooms are routinely used to prevent transmission of pathogens spread over
long distances by small airborne particles nuclei, such as measles virus, Mycobacterium tuberculosis, or
varicella-zoster virus. To date, there are no concrete data to suggest that SARS-CoV-2 is routinely spread
via long-distance transmission in acute care hospitals, but this is a rapidly evolving area of research [93,
94]. Additional studies are required to better characterize transmission dynamics of SARS-CoV-2 and
emerging variants and to tailor effective infection prevention strategies to protect HCP. When
availability of AlIR is limited, facilities may consider reserving these for patients undergoing AGPs.
Healthcare facilities should ensure adequate levels of ventilation and filtration in all areas where care for

patients with known or suspected COVID occurs [95].



Discussion

Due to limited RCTs, many infection prevention and control (IPC) recommendations are based
on observational data, quality improvement projects, and indirect evidence. This is despite the large
impact of healthcare-associated infections (HAIs), estimated to lead to 1.7 million infections and nearly
100,000 deaths per year in the United States [96]. Most IPC programs focus on a variety of high-risk
HAls, like central-line associated blood stream infections and Clostridioides difficile infection, that can be
monitored and are amenable to targeted interventions. Intervening to prevent these infections also may
prevent HAIs that are not part of surveillance programs by improving overall hand hygiene,
environmental cleaning, and other behaviors [97]. These programs are also responsible for
recommendations for PPE to protect HCP and to respond to infectious disease outbreaks. However, the
lack of evidence -based recommendations continues to be a significant challenge when responding to
outbreaks that put HCP at risk. This challenge is magnified when faced with a novel pathogen, like SARS-
CoV-2, that has spread rapidly across the globe and is associated with a very broad spectrum of
symptoms and transmission risk. With rapidly moving and large epidemics and inadequate preparation
for pandemics, the supply of PPE is put at risk, further complicating how recommendations for PPE

usage are developed and implemented [98].

The SARS-CoV-2 pandemic was first described as an outbreak of pneumonia at the end of
December 2019 [99]. The rapid identification of the virus and its relation to human and zoonotic
coronaviruses led to early recommendations and expectations for modes of transmission [100, 101].
Over the following weeks, hospital and clinic-based IPC recommendations were proposed that evolved
in response to reports from the field and laboratory. A significant challenge has been the reliance on
clinical observations, molecular assays as proxies for transmission, extrapolations from SARS-CoV, MERS-
CoV, human coronaviruses and influenza, and other indirect evidence. This is problematic as we learn
more about SARS-CoV-2 and its pathogenesis, such as the rapid decrease in viral burden following the

onset of symptoms, which is, for example, different than the kinetics of SARS-CoV [23, 102].

The WHO published guidelines for the use of PPE that have been mirrored by the national public
health authorities in Canada [103], Australia [104], and England [105]. The CDC adopted more
conservative recommendations early in the pandemic and has maintained these recommendations,
including the use of an N95 respirator for the routine care of patients with known or suspected COVID-

19. Although earlier CDC guidance allowed for the use of medical masks for this level of care when



supplies were low, a more recent update has listed mitigation strategies that prioritize respirator use
(including reuse) [106]. These conflicting guidelines have put IPC/environmental health (EH) leaders,
IPC/EH teams, and HCP in challenging positions, especially when balancing ongoing supply chain
challenges and an unclear forecast for the trajectory of the epidemic. One agreed upon objective is to
maintain HCP safety in all patient care scenarios while balancing patient safety and access to care. When
supply chains are exhausted, the only option is to retreat to maximal PPE coverage of the HCP and to
not remove PPE between patient encounters (extended use). This, combined with breakdowns in
administrative and engineering controls, can lead to transmission of pathogens within the healthcare

setting.

To establish a baseline, not a ceiling, for IPC recommendations and to highlight opportunities for
research, the IDSA guideline panel used the best available evidence to provide recommendations on the
use of PPE and potential risks with the healthcare environment. We recognize there are many more
guestions that desperately need answers, and we hope to be able to pursue additional questions in the
near future. The panel recognizes the rapidly evolving nature of the pandemic, the incredible pace of
discovery and growing access to clinical and laboratory data. Recommendations were made where
possible based on the evidence. In the absence of even indirect data, recommendations were made that
prioritized the safety of HCP. The panel hopes that highlighting the distinct lack of data to guide many
recommendations will increase the attention of the research community and funders to address these
gaps. Answers will likely require observational and non-experimental studies, but the panel would like to

emphasize that RCTs are possible and should be encouraged.

HCP rely on PPE for their safety and the data to support specific pieces or combinations of
equipment are critical. Studies must include the other elements of PPE and practices, including the use
of hand hygiene, since no PPE is used in isolation. The practice of hand hygiene when using PPE is critical
to prevent contamination and transmission [107, 108], but adherence to this practice in studies of PPE
use is not routinely reported. The role of education, HCP comfort and familiarity with equipment, and
PPE use in routine clinical scenarios (e.g., resuscitation, psychiatric emergency department, or by public
safety officers) also need attention. Other tools that can increase adherence and safety, such as the use
of trained observer for donning and doffing, are being used heterogeneously and without guidance in
most regions. The role of SARS-CoV-2 immunity in HCP, either due to prior infection or, more commonly,

due to vaccination, has also not been addressed in relation to PPE recommendations.



Unlike areas of clinical research that include treatment and diagnostics, the use of PPE and HCP
practices are embedded in human behavior, human factors, and environmental conditions. The
participation of researchers with expertise in human behavior, ergonomics, psychology, physics, aerosol
science, building design, and anthropology are needed to evaluate how and why PPE is used by HCP,
perceptions of risk, and adherence to local guidelines [109]. While not always feasible, the panel
recommends that outcome measures be used in research studies of PPE and, if not possible, rigorous
definitions of process measures that incorporate other measures of HCP behavior to ensure
comparability of studies (e.g., hand hygiene). More data also is needed on the types of procedures that
are considered higher risk for transmission (i.e., AGPs) as well as considerations for PPE and AlIR or

negative pressure rooms for HCP involved with AGPs.

Healthcare systems and smaller clinical settings, like clinics attached to shelters and in other
congregate settings, are currently being called upon to protect their healthcare workforce in the face of
a pandemic. This situation has an impact on HCP directly in their role as essential personnel leaving their
homes to work and as members of communities. The risk of SARS-CoV-2 acquisition exists in both
scenarios, which means that non-immune HCP will continue to become infected even with appropriate
use of PPE within the patient care environment. This highlights the important role of vaccination for HCP
in addition to appropriate PPE. COVID-19 vaccines have clearly demonstrated a reduction in infection,
risk of hospitalization, and mortality, and should be required for all HCP, for their own safety as well as
the safety of their co-workers and patients [110, 111]. Finally, while determining how to address the
research gaps for PPE and protocols for SARS-CoV-2, the panel also recommends attention to how PPE
use is perceived by patients and what tools are needed to mediate communication between HCP and
specific patient communities, such as people who use lip reading or depend on facial recognition. These

guestions and many more remain in critical need of attention.

This is a living guideline that will be frequently updated as new data emerges. Updates and

changes to the guideline will be posted to the IDSA website.
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