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Key questions

What is already known?
►► Current WHO practice guidelines for preventing re-
spiratory transmission of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) include the 
use of N95 respirators for aerosol-generating pro-
cedures and surgical masks in other patient contact 
settings.

What are the new findings?
►► Compared with surgical masks, N95 respirators 
perform better in laboratory testing, may provide su-
perior protection in inpatient settings and are equiv-
alent in outpatient settings; conservation strategies 
result in inferior protection but include extended use, 
reuse, decontamination of medical-grade masks or 
the use of improvised cloth masks, both of which 
may be combined with a face shield.

►► Limitations of this scoping review include the rela-
tive scarcity of COVID-19-specific studies and exclu-
sion of non-English language articles.

What do the new findings imply?
►► There is not much evidence on conservation strat-
egies that could help conserve personal protective 
equipment during emergency shortages.

►► Further research regarding the safety and efficacy 
of these practices is required in order to establish 
evidence-based guidelines for healthcare workers.

Abstract
Background  The coronavirus disease 2019 (COVID-19) 
pandemic has led to personal protective equipment 
(PPE) shortages, requiring mask reuse or improvisation. 
We provide a review of medical-grade facial protection 
(surgical masks, N95 respirators and face shields) 
for healthcare workers, the safety and efficacy of 
decontamination methods, and the utility of alternative 
strategies in emergency shortages or resource-scarce 
settings.
Methods  We conducted a scoping review of PubMed and 
grey literature related to facial protection and potential 
adaptation strategies in the setting of PPE shortages 
(January 2000 to March 2020). Limitations included few 
COVID-19-specific studies and exclusion of non-English 
language articles. We conducted a narrative synthesis 
of the evidence based on relevant healthcare settings to 
increase practical utility in decision-making.
Results  We retrieved 5462 peer-reviewed articles 
and 41 grey literature records. In total, we included 
67 records which met inclusion criteria. Compared 
with surgical masks, N95 respirators perform better in 
laboratory testing, may provide superior protection in 
inpatient settings and perform equivalently in outpatient 
settings. Surgical mask and N95 respirator conservation 
strategies include extended use, reuse or decontamination, 
but these strategies may result in inferior protection. 
Limited evidence suggests that reused and improvised 
masks should be used when medical-grade protection is 
unavailable.
Conclusion  The COVID-19 pandemic has led to critical 
shortages of medical-grade PPE. Alternative forms of 
facial protection offer inferior protection. More robust 
evidence is required on different types of medical-grade 
facial protection. As research on COVID-19 advances, 
investigators should continue to examine the impact on 
alternatives of medical-grade facial protection.

Introduction
On 31 December 2019, the Wuhan Municipal 
Health Commission announced an outbreak 
of a novel coronavirus, severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2). 
Within 3 months of initial reporting of this 
novel coronavirus, cases had surpassed 
100 000 worldwide, and less than 2 weeks later, 

global cases had doubled.1 This pandemic 
has put immense strain on medical systems, 
leading to current or impending shortages 
of personal protective equipment (PPE). On 
7 February 2020, the WHO estimated that 
demand for PPE had increased by 100-fold 
since the start of the outbreak, with prices 
increasing up to 20-fold.2 Prices continued 
to surge throughout the month of March 
2020, and the New York Times reported that 
the federal stockpile for public health emer-
gencies can only meet approximately 1% of 
the estimated need.3 As a result of the high 
medical demand and system strain caused by 
SARS-CoV-2, efforts to produce and stockpile 
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Table 1  Types of medical-grade facial protection

Mask types Function

N95 respirator A respiratory protective device designed to achieve a close facial fit and efficient filtration of airborne particles, 
requires fit testing to be fully effective.67

►► Prevents inhalation of 95% of 0.3 µm particles.
►► Reduces person-to-person transfer of respiratory droplets.
►► Blocks blood and bodily fluids from reaching the wearer’s mouth and nose.
►► Prevents inhalation of droplets and larger particles.
►► Filtration of all air reaching the mouth and nose is required for particles ≥5 µm.
►► Surgical N95 respirators are used in healthcare settings and are a subset of N95 filtering facepiece 
respirators.

Surgical mask A loose-fitting, disposable device that creates a physical barrier between the mouth and nose of the wearer 
and potential contaminants in the immediate environment.35

►► Reduces person-to-person transfer of respiratory droplets.
►► Blocks blood and bodily fluids from reaching the wearer’s mouth and nose.
►► Prevents inhalation of droplets and larger particles.
►► Filtration of all air reaching the mouth and nose is required for particles ≥5 µm.

Face shield A face shield provides barrier protection to the facial area and related mucous membranes (eyes, nose, lips).19

►► Current Healthcare Infection Control Practices Advisory Committee (HICPAC) guidelines explicitly 
recommend wearing a face shield or goggles during all patient care for certain illnesses such as severe 
acute respiratory syndrome (SARS) and avian influenza.68

a sufficient supply of N95 respirators and face masks have 
fallen short.

The type and amount of PPE that should be used when 
treating a patient with coronavirus disease 2019 (COVID-
19) varies based on clinical job and setting.4 For health-
care workers providing direct inpatient care for patients 
with COVID-19, a medical mask, gown, gloves and eye 
protection in the form of goggles or a face shield should 
be used.4 If aerosol-generating procedures are being 
performed, healthcare workers should also wear an 
apron and use an N95 respirator in the place of a surgical 
mask.4 In outpatient settings, providers examining 
patients with respiratory symptoms should wear a medical 
mask, gown, gloves and eye protection.4 A different set of 
PPE requirements for healthcare workers not involved in 
direct care of patients with COVID-19 and for the general 
public have been outlined by the WHO and vary based 
on circumstance. If medical-grade PPE is not available or 
in short supply, the WHO recommends appropriate and 
minimised use of PPE according to clinical setting and 
personnel.4

The purpose of this scoping review is to compile 
existing evidence on the use and efficacy of medical-grade 
and alternative forms of facial protection for health-
care workers amidst the growing global shortage. For 
the purposes of this review, ‘facial protection’ refers to 
surgical masks, N95 respirators and face shields (table 1). 
In studies that did not specify the category of protection, 
the term ‘PPE’ is used.

Methods
We conducted a scoping review and present our find-
ings in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis Extension for 
Scoping Reviews reporting standards.5 A scoping review 

was most appropriate due to the broad nature of this 
subject and range of potential adaptation strategies in 
the setting of a medical-grade mask shortage secondary 
to the COVID-19 pandemic. Furthermore, due to the 
recent emergence of SARS-CoV-2, it was necessary to 
conduct a wide search encompassing studies that exam-
ined alternative pathogen models.

Eligibility criteria
We sought to define and characterise the state of global 
medical-grade mask shortages that have resulted from 
the COVID-19 pandemic. In order to be included in 
the review, records needed to focus on transmission or 
prevention of SARS and other respiratory illnesses; strat-
egies for extended use, reuse and decontamination of 
medical-grade masks; or the efficacy and safety of alter-
native and improvised masks with regard to materials, 
design and decontamination strategies. Our review was 
intended to evaluate the evidence pertaining to medical-
grade facial protection currently in use. As a result, we 
limited our search to records published or most recently 
updated between 1 January 2000 and 24 March 2020 to 
ensure that the results would be applicable to current 
PPE standards. Records were included if they were 
written in English and described an aspect of COVID-19 
transmission prevention or the usage of PPE. Preclinical 
and quantitative studies were included, in addition to 
grey literature, in order to consider different aspects of 
disease transmission and protective equipment.

Information sources and search
The scope, methodology and timeline of this review were 
restricted as a result of the pandemic and time-sensitive 
nature of the information. Peer-reviewed documents 
were identified using a single database, MEDLINE via 
PubMed. The full electronic search strategy for PubMed 
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and Google is included in online supplementary file 1. 
Due to the novel nature of the COVID-19 pandemic, 
the review included grey literature such as preprint 
publications, product descriptions, guidelines, guid-
ance documents and news articles in addition to peer-
reviewed publications. We initially used grey literature 
to define best or recommended practices, then analysed 
peer-reviewed documents. This diverse array of sources 
was included with the intention of capturing a more 
complete picture of the rapidly developing nature of the 
COVID-19 pandemic, need for medical-grade PPE and 
global responses. A search of Google with no date restric-
tions was conducted between 15 March 2020 and 24 
March 2020 and the first 20 hits were screened. We also 
considered additional resources we knew existed or were 
recommended by colleagues, including an independent 
reviewer (n=2).

Selection of sources of evidence and quality appraisal
The identified grey literature was reviewed by at least one 
author and records were selected if eligibility criteria were 
met. At least one author reviewed titles initially gener-
ated from the PubMed searches, selecting those that were 
available in English and relevant to one of the compo-
nents addressed above. The relevant titles were exported 
and duplicates were excluded. Next, the selected records, 
including both grey literature and peer-reviewed articles, 
were reviewed by at least two authors according to the 
following criteria: (1) the record defined or character-
ised the state of current PPE shortages; defined or char-
acterised the mode of transmission or prevention of 
COVID-19; examined evidence for the extended use, 
reuse and decontamination methods for medical grade 
masks; or addressed the efficacy and safety of alterna-
tive and improvised masks, and (2) the record was avail-
able in English. This initial search was further refined to 
exclude articles that were not applicable to healthcare 
settings, concerned product design at the industrial level, 
or focused on PPE other than N95 respirators, surgical 
masks or face shields (figure  1). Published systematic 
reviews and meta-analyses were excluded, as meta-analysis 
was beyond the scope of this scoping review. We resolved 
disagreements on record selection and data extraction 
by discussion with other authors as needed. Based on 
the rapid nature of this review in the setting of a global 
pandemic, our scoping review required process tailoring. 
We did not prepare or register a protocol for screening 
titles and abstracts, and our primary literature search was 
limited to one database. Formal critical appraisal of the 
quality of individual sources was not performed, as this 
was beyond the aim of this scoping review.

Data charting
Each article was tagged by its focus and data charting was 
performed by at least one author. Extracted data were 
shared with all authors and used to synthesise the avail-
able evidence.

Synthesis of results
We grouped the records by topic and setting, and when 
possible, summarised the study designs, measures used 
and broad findings. The included records are described 
in online supplementary file 2, with a description of 
studies’ place of origin, setting, population or product 
studied, intervention and outcome measures. When 
a systematic review or meta-analysis was identified, we 
counted the number of studies included in the review 
that potentially met our inclusion criteria and noted how 
many studies had been missed by our search (n=0).

Patient and public involvement
This research was done without patient involvement. 
Patients were not invited to comment on the study 
design and were not consulted to develop patient-
relevant outcomes or interpret the results. Patients were 
not invited to contribute to the writing or editing of this 
document for readability or accuracy.

Results
Selection and characteristics of sources of evidence
We retrieved a total of 5462 articles using the search 
strategy, of which 269 were accessed in full text, and 
48 met the inclusion criteria (figure  1). Of these, 35 
were basic research, 9 were clinical research and 4 were 
secondary research. Additionally, a total of 41 grey liter-
ature sources were identified through targeted website 
searching, and 19 met the inclusion criteria (table 2). In 
total, 48 of the articles were peer reviewed. The full list 
of included studies is presented in online supplementary 
file 2.

Medical-grade facial protection
Evidence with regard to efficacy of medical-grade 
facial protection is summarised by setting: laboratory/
controlled, inpatient and outpatient.

Laboratory/controlled settings
In experimental settings, N95 respirators demonstrate 
efficient filtration of nanoparticles and bioaerosols.6–9 
When compared with surgical masks in this setting, 
N95 respirators provide superior protection against 
aerosols and viruses similar in size to influenza, espe-
cially when combined with eye protection.6 8 10–12 In one 
study, layering of up to five surgical masks improved in 
vivo filtration efficiency, though fit factor scores using 
this strategy remain markedly inferior to the minimum 
required for N95 respirators (13.7 vs 100).13 Nevertheless, 
isolated surgical mask material protects against >95% of 
viral aerosols under laboratory conditions, while surgical 
masks are able to reduce aerosolised influenza exposure 
by an average of sixfold, depending on mask design.14 15

Mask fit is another important component in the func-
tional efficacy of N95 respirators. Untrained individuals 
without proper fit testing can often achieve Federal Drug 
Administration (FDA) minimum fit factor standards, 
but fewer than 25% achieve the score of 100 expected 
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Figure 1  Summary of search, selection and inclusion process. PPE, personal protective equipment.

Table 2  Summary of types of literature included in the 
scoping review

Record type
Identified 
studies, n

Identified 
studies 
(%)

Basic research 35 52.2

Clinical research 9 13.4

 � randomised controlled trial 
(RCT)

8

 � Case series 1

Secondary research 4 6.0

Grey literature 19 28.4

Total 67

in workplace settings.16 Addition of a peripheral Vaseline 
barrier has been shown to prevent peripheral air leakage 
and reduce exposure to airborne viral particles, making 
this a potential compensatory strategy when fit testing is 
not feasible.17 Further evidence regarding mask fit in the 
inpatient setting is presented in the next section.

The use of face shields as an adjunct to medical-
grade masks has been employed during the COVID-19 
pandemic. Face shields provide barrier protection from 
splash and splatter contamination, as well as acutely 
expelled aerosols generated during procedures such 
as bronchoscopy, airway suctioning and intubation.18 
However, the evidence for the effectiveness of face shields 
in preventing transmission of viral respiratory diseases is 
minimal, as highlighted in a recent narrative review.19 
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Our scoping review identified only one study that evalu-
ated face shields for respiratory protection. Using cough 
simulation, researchers demonstrated that face shields 
were shown to reduce the risk of inhalation exposure 
up to 95% immediately following aerosol production. 
However, protection was decreased with smaller aerosol 
particles and 30 min after cough simulation, due to 
persistence of airborne particles and particle flow around 
the sides of the mask.20 Because they lack a peripheral 
seal, face shields should not be used as primary protec-
tion for preventing respiratory disease transmission, but 
can be used as an adjunct to other facial protection.

Inpatient settings
Several studies have been conducted examining the effi-
cacy of medical-grade masks in the inpatient setting. A 
small randomised controlled trial (RCT) found that 
incidence of upper respiratory infection symptoms was 
similar between groups of inpatient healthcare workers 
who wore surgical masks and those who did not wear 
masks.21 However, studies comparing efficacy of different 
types of medical-grade masks in the inpatient setting have 
conflicting results. One non-inferiority RCT of nurses 
working in medical and paediatric inpatient units found 
that use of a surgical mask compared with a fit-tested N95 
respirator resulted in non-inferior rates of laboratory-
confirmed influenza.22 Several other RCTs found that 
rates of respiratory infection illness were lower in 
healthcare workers who used fit-tested N95 respirators 
compared with those who used surgical masks.23–25 Simi-
larly, N95 respirators have been shown to provide supe-
rior protection against respiratory bacterial infections or 
bacterial-viral coinfections when compared with surgical 
masks.26 The literature regarding mask fit in the inpa-
tient setting is limited to one study. An RCT comparing 
fit-tested and non-fit-tested N95 respirators found no 
significant difference in ability to protect against respira-
tory illness, despite in vitro evidence of significant reduc-
tion in filtration efficacy with peripheral air leakage.24 27 
Furthermore, non-fit-tested N95 respirators were signif-
icantly more protective than surgical masks.24 In the 
context of COVID-19, a recent case report identified 
41 healthcare workers exposed to SARS-CoV-2 through 
aerosol-generating procedures. Among these providers, 
85% were wearing surgical masks at the time of exposure, 
and the remaining 15% were wearing N95 respirators.28 
None of the exposed providers contracted COVID-19.28 
Our scoping review did not identify any other studies 
comparing the efficacy of medical-grade masks during 
aerosol-generating procedures.

Although extended use and reuse of N95 respirators 
have been suggested as conservation strategies to meet 
pandemic-level demands, the safety and effectiveness of 
these practices remain unclear.29 These devices maintain 
function for 8 hours of continuous or intermittent use.30 
Manufacturers recommend disposal of N95 respirators 
after close contact with a patient with an infectious disease, 
after use during an aerosol-generating procedure or on 

contamination with bodily fluids.30 However, extended 
use in combination with appropriate hand hygiene and 
contamination-limiting practice is considered minimal 
risk in the context of typical patient interactions.31 In one 
study, continuous use of N95 respirators by healthcare 
workers in the inpatient hospital setting was more effec-
tive for prevention of respiratory illness than targeted use 
only during high-risk procedures.23 Addition of a clean-
able face shield or surgical mask over an N95 respirator 
has been proposed as a method of extending respirator 
use, though this approach lacks epidemiological evidence 
and can exacerbate user discomfort due to increased 
respiratory resistance.32 Although the maximum number 
of potential reuse cycles before respirator compromise 
has not been defined, one laboratory study demonstrated 
a decrease in fit factor below the acceptable limit after 
five consecutive donnings.33

Outpatient settings
The evidence comparing the efficacy of N95 respirators 
to surgical masks in the outpatient setting is minimal. 
One RCT conducted in the outpatient setting found no 
difference in rates of respiratory illness between health-
care workers who used N95 respirators compared with 
those who used surgical masks.34

N95 respirator decontamination procedures
Ideal N95 respirator decontamination methods should 
preserve integrity and filtration properties, appropri-
ately disinfect and not harm the user.35 Studies using 
SARS-CoV-1 models have observed the persistence of 
infectious particles for up to 24 hours on N95 respirators 
and suggest that reuse without interim decontamination 
could result in a compounded viral load.36 37 A number of 
trials have evaluated N95 respirator function and stability 
after various decontamination procedures. Although 
they may be effective for viral inactivation, methods 
using microwave irradiation, microwave-generated steam 
and moist heat incubation can compromise the phys-
ical integrity of respirator components.38–41 Treatment 
with bleach results in residual odour, release of chlorine 
gas on exposure to moisture and, in one model, partial 
nose pad dissolution without an associated increase in 
aerosol penetration.38 39 Decontamination with hydrogen 
peroxide gas plasma, autoclave, 160°C dry heat, 70% 
isopropyl alcohol and soaking in soap and water may 
cause significant loss of filtration efficiency.39 42

Although ultraviolet germicidal irradiation (UVGI) 
has previously been shown to inactivate SARS-CoV-1 and 
preserve N95 performance after three cycles of exposure 
(totalling 45 min at 1.8 mW/cm2), one study found that 
increasing UVGI doses could compromise the strength 
of N95 respirator material and straps.39 43–45 A recent 
analysis of N95 decontamination methods using Esche-
richia coli as a surrogate model for SARS-CoV-2 found that 
application of chlorine and alcohol-based methods led 
to a significant decrease in the efficiency of N95 filtra-
tion media due to loss of microfibre static charge, while 
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use of ultraviolet light, boiling water vapour and dry oven 
heating maintained filtration efficiency and successfully 
decontaminated N95 respirators.46

Overall, strategies involving the use of UVGI, ethylene 
oxide, dry oven heating and hydrogen peroxide vapour 
may be most promising for preservation of mask func-
tion and integrity.38–40 42 Decontamination with UVGI, 
moist heat incubation and microwave-generated steam 
does not appear to significantly affect N95 respirator 
fit or comfort.47 Until application of these methods has 
been adequately investigated in the hospital setting, their 
safety and effectiveness in the particular context of the 
SARS-CoV-2 outbreak is unknown. Although decontami-
nation and reuse of N95 respirators could help conserve 
facial protection during emergency shortages or in low-
resource settings, additional research is required to 
understand the impact of these methods on mask fit and 
function, as well as their effectiveness against SARS-CoV-2.

Improvised masks
Previous outbreaks and estimations of PPE shortages 
sparked a call for further research to assess the effec-
tiveness of improvised masks, but the current evidence 
is minimal.35 48 One RCT including inpatient nurses and 
doctors found incidence of respiratory illness to be signif-
icantly higher in healthcare workers with continuous use 
of two-layer, cotton cloth masks compared with those who 
wore surgical masks (relative risk=13.00, 95% CI 1.69 to 
100.07).49 Particle penetration was approximately 97% 
for cloth masks versus 44% for surgical masks. However, 
the authors were unable to determine the relative effi-
cacy of cloth masks compared with no mask use since the 
study lacked a no-mask control arm.49

Outside of the inpatient hospital setting, the evidence 
on the effectiveness of improvised masks is limited to 
laboratory or controlled settings.50 51 One in vitro study 
analysed the protection that an N95 equivalent, a surgical 
mask and an improvised tea cloth mask conferred on the 
wearer and individuals surrounding a simulated infec-
tious patient.50 The N95 equivalent respirator provided 
the best protection, followed by the surgical mask, then 
the home-made tea cloth mask. Though this study did 
not have an unmasked control group, cloth masks were 
found to have a protection factor greater than one, and 
the authors concluded that cloth masks were superior 
to no masks for decreasing exposure and infection risk 
on a population level.50 In another study comparing 
surgical masks and home-made masks crafted from 
cotton T-shirts, surgical masks were found to be three 
times as effective for reducing micro-organisms expelled 
by the wearer, with a fit factor double that of the home-
made masks.51 However, both masks significantly reduced 
droplet dispersal.

Cloth masks are a low-cost alternative but appear to 
provide inferior protection against respiratory illnesses 
for several possible reasons. Because cloth masks can 
retain moisture, be reused and require cleaning, they may 
increase the infection risk for hospital care workers.49 The 

number of layers may also contribute to the mask’s ability 
to prevent viral transmission. Cloth masks usually have 
one to two layers of protection compared with the four-
layered N95 respirator.52 Similar to medical-grade masks, 
fit is an important factor in the effectiveness of impro-
vised masks.27 52–54 Peripheral air leakage can expose the 
wearer to airborne viral particles. Studies have shown 
that air leakage from an improvised mask can be reduced 
when the discussed materials are used in combination 
with additional measures to improve facial fit (e.g., nylon 
hosiery).35

Although household fabrics are not intended for respi-
ratory protection, these materials may still have limited 
capacity for small-particle filtration.48 An in vitro study 
found that a sweatshirt made of 70% cotton/30% poly-
ester had the greatest resistance to penetration by various 
uniform and non-uniform nanosized particles compared 
with other household materials. Researchers also found 
that the particle filtration performance of certain cotton 
and polyester household fabrics may compare to some 
surgical masks.48 55 However, this study did not evaluate 
the effectiveness of these fabrics for protecting against 
droplets or liquids and overall concluded that filtration 
efficiency varied greatly by fabric.48

Other investigators found that tea towels and a cotton-
blend fabric captured 0.02 μm particles with respective 
effectiveness of 73% and 70%, while the scarves tested 
were shown to be less than 50% effective.51 In the same 
study, vacuum cleaner bags were shown to be 89% effec-
tive in capturing 0.02 μm-sized particles, but were not 
recommended due to their poor breathability.51 Based 
on filtration efficacy and breathability, the authors 
concluded that pillowcases and 100% cotton T-shirts were 
the best readily available household options for impro-
vised masks, with the T-shirt preferred due to its poten-
tial for superior fit.51 This inconclusive evidence for the 
best choice of material may be partially explained by the 
heterogeneity of factors in fabric construction, including 
fibre density and the influence of tensile strength, air 
permeability and flexural rigidity of the fabric.35 Impro-
vised mask design is another variable of unknown signif-
icance. For example, in one study, a cloth mask with an 
exhaust valve and a conical tetrahedral shape outper-
formed the filtration ability of other cloth masks with 
most particle sizes. Unfortunately, the material composi-
tion of each cloth mask was unknown.56

The use of surgical sterilisation wrap has been proposed 
as medical and community groups organise to make 
improvised masks in light of facial protection shortages.57 
This material is a component of surgical instrument 
packaging used to maintain sterility. Some surgical wraps 
are made using a spunbond/meltblown/spunbond non-
woven polypropylene fabric, which may be similar to 
the non-woven, meltblown fabric used in medical-grade 
masks.58–60 Sterilisation wrap is also made to meet FDA 
standards of bacterial filtration efficiency (BFE), a test 
performed on materials designed to protect against 
aerosols, and some report a BFE of 98.9%–99.9%.61–63 
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Surgical sterilisation wrap is widely used and readily 
accessible in many healthcare settings. However, we could 
find no evidence on the applicability of sterilisation wrap 
for masks or data on their protection against respiratory 
viruses. Use of sterilisation wrap as material for impro-
vised masks or as filter insert in cloth masks should take 
this lack of evidence into account.

Addition of layers/filters
As previously discussed, adding layers to a cloth mask 
could theoretically increase its effectiveness. However, 
there are little to no data available regarding effective-
ness of a two-layer cloth mask with a middle filter and 
only one study that may guide the choice of said filter. 
Even with this scarcity of evidence, some may choose 
to add a filter to improve the effectiveness of an impro-
vised cloth mask. When considering incorporation of 
a filter material, it is important to consider durability, 
breathability and the need for replacement.51 Recently, 
some have proposed using heating, ventilation and air-
conditioner filter inserts with particle size filtration prop-
erties similar to those of N95 respirators.64 Electrostatic 
cotton and non-woven, meltblown fabric are both known 
components of medical-grade masks and may also serve 
as useful filters. However, availability, access and costs of 
these materials are likely to be prohibitive.65 Of note, a 
news report from South Korea mentions an innovative 
washable electrostatic cotton which can serve as a more 
durable, insertable filter.66 Further research is needed to 
assess the effectiveness and safety of these materials for 
preventing respiratory infection and penetration of viral 
particles. This information may be particularly useful in 
low-resource settings if effective materials are inexpen-
sive and readily accessible.

Reuse and decontamination of improvised masks
While guidance for handling contaminated laundry in 
households with suspected or confirmed COVID-19 cases 
exists, our scoping review did not identify any literature 
regarding reuse and decontamination of improvised 
masks. If improvised masks with filters are made, our 
scoping review again found no evidence regarding their 
appropriate use and decontamination. However, it may 
be reasonable to treat the insertable filter as a single-use 
material and frequent change should be considered.

Discussion
Evidence supports the superiority of medical-grade 
masks for protection against respiratory viruses. In cases 
when medical-grade masks are not available, the summa-
rised research indicates that protection offered by certain 
improvised or reused masks is better than no protection 
at all.50 Improvised masks may be helpful in emergency 
situations, supply shortages, low-resource settings or for 
citizens in low-risk environments in order to preserve 
medical-grade facial protection for healthcare workers. 
However, there is a lack of evidence regarding optimal 

improvised mask design and material, and whether 
combination with a face shield enhances protection.

Scientific research on SARS-CoV-2 is rapidly progressing 
and more information about proper PPE, improvised 
facial protection and effective decontamination methods 
may be forthcoming. There are many opportunities 
for future research in this field. Additional evidence 
regarding the safety and effectiveness of alternative facial 
protection is required in order to better equip individ-
uals to make improvised facial protection when neces-
sary. Specifically, further research on the effectiveness 
of an improvised cloth mask with an added filter versus 
cloth alone is warranted. In addition, comparisons of 
different possible filter media are warranted and should 
include discussion about accessibility of materials and the 
creation of guidelines for reuse. Finally, development of 
effective and safe decontamination methods that do not 
compromise the integrity or filtration properties of facial 
protection is needed.

This review has several limitations. The literature 
included in this review is limited in scope, design, sample 
size and population diversity. Articles written in languages 
other than English were excluded, which particularly 
limited the evaluation of recent articles related to the 
COVID-19 pandemic. Studies on SARS-CoV-2 have been 
performed in settings experiencing the early phases 
of the pandemic, which does not lend easily to stan-
dardised RCTs or uniform study planning and execution. 
Additionally, studies performed prior to the COVID-19 
outbreak were not specific to SARS-CoV-2, and it is 
unknown whether those results are applicable in the 
current context. Our review also included a number of 
small RCTs and observational studies, which have less 
statistical power, as well as non-peer-reviewed articles.

Conclusions
The COVID-19 pandemic has led to a massive medical 
PPE shortage. Alternative forms of facial protection 
are less effective, but may serve as an intermediary in 
emergent situations. Based on the literature, the safest 
approach to address this shortage is to ensure provision 
of a sufficient quantity of medical-grade facial protec-
tion for healthcare workers. Considering the limited 
evidence, reused and improvised masks should be used 
as a last resort, but may be beneficial when medical-grade 
facial protection is unavailable. Face shields should not 
be used as primary protection, but rather as an adjunct to 
improvised masks. Public health and medical institutions 
should be prepared to ensure the safety of healthcare 
workers in all stages of crises. Therefore, it is necessary to 
continue research and the publication of evidence-based 
emergency protocols that include recommendations for 
improvised protection.
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