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Abstract
Background: Coronavirus disease 2019 (COVID- 19) was first reported in Wuhan, 
China on 31 December 2019. Aims: to review, analyse and discuss all works about the 
wearing and development of facemasks as potential protection against SARS- COV- 2 
during the COVID- 19 pandemic.
Methods: PubMed, SciELO, Google Scholar and DOAJ were browsed. Keywords: “mask 
and (SARS or Cov)” (1 August 2019 to 12 April 2020). Inclusion criteria: original re-
search. PRISMA criteria were followed.
Results: Twenty- one works were selected. Identified topics: effectiveness of pro-
tective equipment/devices (PE) (n = 3), universal wearing of facemasks plus other 
protective measures in the community (n = 3), impact of infection control measures 
on hospitals and epidemiological tracing (n = 3), development of new PE (n = 2), sani-
tisation of facemasks (n = 4), clinical guidance (n = 4) and questionnaires (n = 2).
Discussion: It seems that the effectiveness of PE, namely facemasks, is not fully 
known. Universal wearing of facemasks may be simultaneously recommended with 
other protective measures. Nosocomial and community infections seem to be pre-
ventable. New PE, methods of facemask sanitisation and clinical guidance are emerg-
ing, but caution is recommended regarding their adoption, revision and monitoring 
by international boards and institutions. Questionnaires are useful tools for collecting 
citizens’ opinions on implementing public health measures, and thus contribute to 
mitigating the COVID- 19 pandemic.
Conclusions: Universal wearing of facemasks in the community is likely to be recom-
mended during the COVID- 19pandemic. Since SARS- COV- 2 is highly contagious, a 
set of measures should be considered. Facemask sanitisation is possible, but stand-
ardised procedures are lacking. New PE is emerging and requires detailed regulatory 
approval. It is advisable to monitor public opinion.

Review criteria

• Four databases, namely PubMed, SciELO, Google Scholar and DOAJ were browsed, with the 
following keywords: “mask and (SARS or Cov)” (1 August 2019 to 12 April 2020).

• Inclusion criteria: original research related to wear or development of facemasks as a protec-
tion against SARS- COV- 2.

• Preferred Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA) criteria 
were followed.
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1  | INTRODUC TION

Coronavirus disease 2019 (COVID- 19) was reported for the first 
time in Wuhan (31 December 2019), then rapidly spread worldwide. 
SARS- CoV- 2 (severe acute respiratory syndrome coronavirus 2) is 
the aetiologic agent of COVID- 19.1 Symptoms of COVID- 19 may 
include fever, fatigue, cough, sore throat, difficulty breathing and 
other severe respiratory affections in some persons.2 The declara-
tion of a pandemic by the World Health Organisation (WHO) oc-
curred on March 11, 2020.3 According to WHO, infection with 
SARS- CoV- 2 may affect people of all ages. However, certain groups 
may be at a higher risk of getting severe COVID- 19. These groups 
include older people (over 60 years old) and people with underly-
ing medical conditions (such as cardiovascular disease, diabetes or 
chronic respiratory diseases).4

The spread of COVID- 19 occurs by contact (eg, direct or 
through objects/fomites), droplets (eg, coughing or sneezing) or 
airborne (eg, intubation).1- 4 There is no evidence that SARS- CoV- 2 
can be transmitted through the faecal- oral route, although it is 
possible to find viral RNA in faeces.1- 5 In this sense, WHO recom-
mends that all persons avoid groups and crowed spaces, maintain 
physical distance, perform frequent hand hygiene, cover the nose 
and mouth when coughing or sneezing (eg, bent elbow or paper, 
which should be immediately disposed of after being used, while 
performing hand hygiene) and avoid touching the mouth, nose or 
eyes. Additionally, symptomatic persons should wear a medical 
mask, self- isolate and seek medical advice.2 Besides the severe 
stress to health systems because of the COVID- 19 crisis, personal 
protective equipment, including facemasks, are facing shortages 
and contributing to the pollution of the planet. Thus, diverse stud-
ies are presenting new techniques on decontamination procedures 
for protective equipment with the aim of reusing this equipment 
without damage (eg, decontamination of facemasks with ultravio-
let germicidal irradiation, autoclave treatment, ethylene oxide gas-
sing, ionised hydrogen peroxide fogging or vapourised hydrogen 
peroxide, cobalt- 60 gamma irradiation).6- 9 Overall, any possible 
type of decontamination of protective materials, such as face-
masks, must ensure the effective killing of pathogens and the non- 
degradation of these materials.9

Two main types of facemasks are available surgical masks 
and N95 (or FFP) masks. The first offers protection against fluids, 

providing a barrier to droplets (eg, protecting the nose, mouth and 
respiratory tract). The second prevents the user from inhaling air-
borne particles (eg, during aerosol- generating procedures).1 Both 
masks should be used with eye protection, and their use should 
never constitute an isolated prophylactic measure.2

The use of facemasks in the community remains polemic, with 
the WHO recommending that “medical masks should be reserved 
for health care workers,” namely “when entering a room where 
patients with suspected or confirmed COVID- 19 are admitted,” 
while persons presenting symptoms (eg, coughing or sneezing), 
caregivers of COVID- 19 patients or persons in other situations 
that require special care also should wear facemasks. WHO reiter-
ates that “the use of medical masks in the community may create 
a false sense of security, with neglect of other essential measures, 
such as hand hygiene practices and physical distancing, which may 
lead to touching the face under the masks and under the eyes, 
result in unnecessary costs and take masks away from those in 
health care who need them most, especially when masks are in 
short supply”.2,3 In opposition to WHO orientations, some health 
experts support the use of facemasks to reduce COVID- 19 spread, 
including homemade cloth facemasks. Importantly, the lack of 
clinical trials on this topic should not be used as a valid or ethical 
argument to avoid their use.3,10,11

Particularly, health professionals should wear special face-
masks, such as a US National Institute for Occupational Safety 
and Health certified N95 or a European Union standard FFP2 (or 
and equivalent), gloves, gown, filtering mask and full- face visor or 
goggles (protective equipment), if undertaking aerosol- generating 
procedures (eg, intubation, non- invasive ventilation, tracheotomy, 
etc); uncertainty remains in relation to some items, namely hoods 
and visors.2,12,13 For instance, N95 facemasks present some con-
straints, such as an ineffective seal during talking or after pro-
longed use, may not be adequately fitted to face shape and may 
be in short supply.13

Interestingly, there are diverse studies comparing the use stan-
dard facemasks with respirator masks in the influenza setting, but 
the number of studies reporting the use of facemasks to prevent 
SARS- CoV- 2 infections is still limited. For instance, N95 or FFP 
facemasks may not be effective in preventing laboratory- confirmed 
influenza, respiratory viral infections, respiratory infection and 
influenza- like illness, although they appeared to protect against 

Message for the clinic

• Universal wearing of facemasks seems to be recommended. Governments taking preven-
tion measures are more prepared to face COVID- 19, gaining more time to prepare/organise 
health care systems.

• Sanitisation of facemasks is possible, but standardised procedures are lacking.
• New protective equipment is appearing, which requires regulatory approval.
• New clinical orientations are emerging; consequently, international peer- review by institu-

tions is recommended.
• Popular opinions/perceptions are relevant to adopting tailored public health measures.
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bacterial colonisation (review of data from six clinical trials; a total of 
9,171 participants with influenza- like illnesses).14,15

2  | AIMS

To review, analyse and discuss all works about the wearing and 
development of facemasks as potential protection against SARS- 
COV- 2 in PubMed, SciELO, Google Scholar and DOAJ.

3  | METHODS

3.1 | Screened databases and keywords

On 12 April 2020, four databases were screened: PubMed, (Scientific 
Electronic Library Online) SciELO, Google Scholar and Directory of 
Open Access Journals (DOAJ),16- 19 with the following keywords: 
(“mask and SARS” and “mask and Cov”). These keywords were con-
veniently selected to cover a likely high number of papers.

PubMed is managed by the National Center for Biotechnology 
Information (NCBI), at the US National Library of Medicine (NLM), 
covering 30 million citations from diverse sources, such as MEDLINE, 
life science journals or online books.16 SciELO is an electronic library 
comprising Brazilian scientific journals (around 400 listed).17 Google 
Scholar aims to organise the global academic information, such ar-
ticles,	 theses	 or	 books,	 comprising	 around	 389	 million	 records.18 
DOAJ is a directory offering open access to peer- reviewed journals 
(14,447	journals	and	4	788	192	articles).19

3.2 | Covered period

The covered period was between 1 August 2019 and 12 April 2020. 
The months of August to October 2019 were considered to ensure 
the inclusion of all potentially relevant papers.

3.3 | Inclusion and exclusion criteria

Inclusion criteria: any original research related to the wearing or 
development of facemasks as protection against SARS- COV- 2, in-
cluding preprints and reports, although non- peer- reviewed sources 
should not be used to guide clinical practice. Exclusion criteria: pa-
pers out of the covered period, papers written in languages other 
than Portuguese, Spanish, English, French or Italian because of time 
and economic constraints such as translations costs, and all pub-
lished documents not comprising original experimental research, 
ie, all descriptive/informative studies were excluded (eg, reports, 
opinion papers, commentaries, reviews, letters to editor or editorials 
not comprising data from original research or case reports or other 
original data).

3.4 | PRISMA checklist and flow diagram

The Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) criteria (checklist and flow diagram) were fol-
lowed. Because of time constraints the review protocol was not 
registered.20

4  | RESULTS

4.1 | PRISMA 2009 flow diagram

The PRISMA 2009 flow diagram, including the number of selected 
studies on mask development and use as protection against SARS- 
COV- 2, is presented in Figures 1 and 2.

Twenty- one works were selected in this brief review. For the 
keywords	 “SARS	 and	 mask,”	 18	 studies	 were	 selected	 (Figure	 1),	
as follows: nine full- text articles in PubMed; nine works in Google 
Scholar (two full- text articles, five preprint full- text articles,7- 9,11,21 
one letter3 and one report6); 0 full- text articles (or other documents) 
were found in DOAJ and SciELO. For the keywords “COV and mask,” 
three studies were selected (Figure 2), as follows: 0 full- text articles 
or (or other documents) in PubMed and SciELO, two full- text articles 
in Google Scholar, both preprints22,23 and one full- text article in DOAJ.

Overall, two works out of 102 were excluded because they 
were written in German and Chinese. The remaining papers were 
excluded because they did not contain information about original 
research on the use or development of masks as potential protection 
against SARS- COV- 2 (n = 74), or they were repeated studies (n = 26).

4.2 | Main findings

The main findings on the selected studies for each searched re-
source are presented in Table 1 (sample size, methods, results and 
conclusions and identified limitations).

5  | DISCUSSION

Overall, the number of selected studies and involved participants was 
limited, and clinical trials or controlled studies were not identified. 
Additionally, only a limited number of studies have been carried out 
in the SARS- CoV- 2 setting involving authors from different research 
centres (ie, multicentric studies). As expected, the countries with more 
selected publications were the United States followed by Hong Kong 
and the United Kingdom, Korea and China with the same number. This 
was expected since the United States is the most affected country, and 
China was the first known affected region; moreover, these countries 
belong to a group of countries with considerable research and devel-
opment (R&D) capacity.32 Selected works are grouped by topics and 
the main findings and study limitations are discussed, as follows:
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5.1 | Effectiveness of protective equipment: 
studies not quantifying viral load (eg, physical 
evaluations, such as aerosol dispersion)

Additional neck, face and hair protection, namely a full- face visor 
and a high- necked hooded coverall suit are recommended as addi-
tional extra protective equipment in the health setting to prevent 
SARS- CoV- 2 infection.12

5.2 | Effectiveness of protective equipment: studies 
quantifying viral load with another virus as a mock- up 
(eg, avian influenza)

N95, medical masks or homemade masks could, respectively, block 
99.98%,	97.14%	and	95.15%	of	the	avian	influenza	virus	in	aerosols	
(ie,	they	are	not	100%	efficient),	which	reinforces	the	need	for	ad-
ditional measures, such as hand hygiene to slow virus spreading.24 
Importantly, these experiments were carried out with a virus similar 
to SARS- CoV- 2, but the real efficiency of mask- wearing plus hand 
hygiene may be more modest in a real pandemic setting, as SARS- 
CoV- 2 is a highly contagious virus (the basic reproductive number 
(R0) was estimated to be 2.2; meaning that 1 patient has been 
spreading infection to 2.2 other people).33

5.3 | Effectiveness of protective equipment: studies 
quantifying viral load of SARS- CoV- 2

Worryingly, during coughing, both surgical and cotton masks may 
not effectively filter SARS- CoV- 2 from the environment and external 
mask surface, which is also reinforced by the facts that particles 0.04 
to 0.2 μm can penetrate surgical masks and that surgical masks and 
unvented KN95 respirators only reduce the outward particle emission 
rates	by	90%	and	74%	(average	values),	 respectively,	when	speaking	
and coughing in comparison to wearing no mask.25,34,35 SARS- CoV- 2 
has a diameter of about 100 nm (0.001 μm) and cough droplets are 
usually >5 μm in diameter (droplets that fall rapidly to the ground 
under	gravity;	eg,	distances	≤1	m;	in	contrast,	droplets	<5 μm in diam-
eter may remain suspended in the air, eg, at distances >1 m).36,37 Thus, 
it seems essential that patients with COVID- 19 remain isolated, since 
this disease may spread even using a mask, especially during coughing.

5.4 | Universal wearing of facemasks plus other 
protective measures in the community

There is a clear variation in the number of citizens using facemasks 
between different regions in the community, for instance in air-
ports.3 This may indicate a lack of international regulations about 

F I G U R E  1   PRISMA 2009 Flow 
Diagram20: selected studies on mask 
use as a protection for SARS- COV- 2 for 
keywords “SARS and Mask”
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the use of facemasks in the community, namely, in the transport 
sector. This situation is supported by the WHO, which recommends 
that “medical masks should be reserved for health care workers” 
and in the case of non- health workers, their use is directed towards 
persons with symptoms or those who are required to take care of 
infected patients.2 However, the position of the WHO about the 
use of masks is not followed by all countries, such as Hong Kong 
or Japan.11 In contrast to the position of the WHO, some studies 
already show evidence on the universal wearing of facemasks (with-
out compromising health care use) as a way of effectively reducing 
the transmission and acquisition of respiratory viral infections be-
cause of SARS- CoV- 2.11,22 Of course, the universal wearing of mask 
must be accompanied by other prevention measures, such as hand-
washing or social distancing, which constitute effective approaches 
to mitigating and delaying the epidemic (by at most 7 months for a 
3- month intervention).2,11,22

5.5 | Impact of infection control measures in 
hospitals and epidemiological tracing

The prevention of the nosocomial transmission of SARS- CoV- 2 
through the application of appropriate hospital infection control 
measures seems to be possible (eg, provision of surgical masks to 
all health workers, patients and visitors, enhanced laboratory sur-
veillance, rapid diagnostics, epidemiological tracing, etc),26 although 

these findings may not be conclusive, since not all medical staff and 
patients were tested in relation to SARS- CoV- 2 in the present study. 
It seems very important to implement a set of measures at the hos-
pital level to prevent infection with SARS- CoV- 2.

However, the number of investigated patients was very limited 
in epidemiological tracing studies (one patient in both cases),1,15 so 
it seems that, either in the nosocomial or community setting, the cu-
mulative application of the infection control measures, ie, wearing a 
facemask (eg, surgical mask), hand washing, social distancing and en-
vironmental hygiene (eg, cleaning and disinfection of environmental 
surfaces, such as in hospitals) are likely to prevent the transmission 
of SARS- CoV- 2. For instance, not all individuals that come into con-
tact with a contaminated subject are infected.

5.6 | Development of new personal 
protective equipment

Facemasks present some constraints, such as single use during a re-
stricted number of hours (ie, regular changing is required), complex 
sanitisation methods, costs and/or shortages. Thus, new personal 
protective equipment has been developed during the COVID pan-
demic, such as PeRSo or 3D printed reusable N95 comparable respi-
rators.13,21 PeRSo ensures the delivery of air (HEPA filtered) using a 
battery through a lightweight hood/face mask13 and the 3D printed 
reusable N95 comparable respirator can be used with multiple 

F I G U R E  2   PRISMA 2009 Flow 
Diagram20: selected studies on mask 
use as a protection for SARS- COV- 2 for 
keywords “COV and Mask”
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filtration units.21 Amongst the limitations of the new equipment are 
that details about their sanitisation or safety and efficacy specifically 
in SARS- CoV- 2 infections has not been detailed and discussed.

5.7 | Sanitisation of facemasks

Overall, four studies on the sanitisation of facemasks were identi-
fied, which may represent an effort to overcome the global shortage 
of protective equipment. Three studies support that the decontami-
nation and reuse of N95 filtering facemask respirators may be possi-
ble (suggested methods: ultraviolet germicidal irradiation, autoclave 
treatment, ethylene oxide gassing, ionised hydrogen peroxide fog-
ging and vapourised hydrogen peroxide exposure).6-	8 Also, ionis-
ing radiation is suitable for killing pathogens in facemasks, but this 
methodology seems to damage facemask integrity (eg, N95 filtering 
facemasks). One study concluded that gamma irritation and possibly 
all ionising radiation (cobalt- 60 gamma irradiation) seems to not be 
suitable for the reuse of N95 filtering facemasks, since the filtration 
of particles was significantly degraded (eg, damage to the fibre ma-
terial caused the cross- linking of polymers, triggering cracking and 
degradation during fitting and/or deployment).9

It seems that standardised procedures and quality control for 
sanitising facemasks are internationally lacking, for instance, be-
cause the properties, structure and composition of facemasks is not 
universal and the number of sanitisation cycles is a function of the 
type, conditions and duration of usage. Quality control is required 
to ensure that protective equipment, including facemasks, is decon-
taminated without damage, which necessarily requires a microbio-
logic and physical evaluation.34 In this sense, not all hospitals may 
be prepared to institute such procedures. Moreover, a proper cost 
analysis is advisable, since decontaminating facemasks may be more 
expensive than buying new ones.

5.8 | Recommendations: pregnancy and 
breastfeeding and other clinical guidance

Only one study presented recommendations on breastfeeding for 
COVID- 19 mothers: all breastfeeding COVID- 19- positive mothers 
should use a surgical mask, “COVID- 19- positive mothers with mild 
or no symptoms can breastfeed” and “COVID- 19- positive and symp-
tomatic mothers are separated from their newborns and women can 
use pumps to express breast milk”.27

In pregnant women with COVID- 19, the symptoms tend to be mild 
or moderate, which may be explained because of combined effects of 
gender, young age and the immune status of pregnancy.27 Regarding 
recommendations during labour for SARS- CoV- 2 positive women, 
one study recommends: “a negative pressure operating room, skilful 
medical team and enhanced personal protective equipment including 
N95 masks, surgical cap, double gown, double gloves, shoe covers 
and powered air- purifying respirator,” to avoid medical staff being 
infected.28 Another study on the same topic allowed the presence of 
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the partner during labour, but not on the postpartum ward,27 which 
seems logical especially if labour occurs in a negative pressure room 
and partners have access to the same type of protection as medical 
staff. This study also recommends that, during labour, the midwife 
and labouring woman are required to wear surgical masks and other 
personal protective equipment. Therefore, the development of an 
international consensus on breastfeeding, pregnancy and labour in 
women positive for SARS- CoV- 2 is recommended.

Another study contributed to increasing the knowledge about 
aerosol spread during CPR, finding that the insertion of a laryngeal 
tube connected to an airway filter led to a remarkable reduction of 
aerosol spread, which may have contributed to preventing potential 
infection with SARS- CoV- 2.23 In addition, an international collabo-
ration has provided guidance for surgery during the COVID- 19 cri-
sis.31 This clinical guidance seems to be fundamental to facing the 
COVID- 19 pandemic, assuring that all countries are efficiently and 
properly prepared.

5.9 | Questionnaires to collect subjects’ opinions

Subjects' misconceptions were detected at the populational level 
(US and UK), for instance that surgical masks may be “highly effec-
tive” for the protection against COVID- 19 infections.29 This study 
confirms that, even in developed countries, the population remains 
insufficiently informed. In this sense, large online questionnaires 
may be useful tools to collect data about population knowledge, to 
inform public health authorities and to implement measures such as 
specific informative campaigns.29 These questionnaires are espe-
cially recommended, since they are quickly, economically and easily 
implemented. Similar studies in middle-  and low- income countries 
are also recommended.

Additionally, the administration of questionnaires was reported 
in a group of nursing students to evaluate how they will face pa-
tients	with	severe	acute	respiratory	syndrome.	As	expected,	96.1%	
of students refused to be involved in the intubation of severe acute 
respiratory syndrome patients if an N95 mask and gown were not 
available.30 Besides raising ethical and deontological concerns about 
how to manage intubation procedures in the case of severe acute 
respiratory syndrome without protective material (eg, N95 masks) 
available, this study supports the need for health professional curric-
ula to include training on infection control practices and/or isolation 
facilities during outbreaks of infectious disease. Thus, the perfor-
mance of future studies enrolling undergraduates from other health 
courses, such as medicine, is suggested.

6  | CONCLUSIONS

Homemade masks may offer some protection against virus dissemi-
nation; thus, populations may benefit from their universal usage. 
It seems that governments that implement prevention measures, 
such as handwashing, mask- wearing and social distancing are more 

prepared to face COVID- 19, gaining more time to prepare, equip and 
organise their health care systems.

Since COVID- 19 is highly contagious, a set of measures should 
be considered at the community and nosocomial levels to prevent 
or follow infections. For instance, the provision of surgical masks to 
all health workers, patients and visitors, epidemiologically tracing in-
fections, social distancing and regular hand washing (ie, mitigation 
measures). Importantly, there is some evidence that the prevention 
of nosocomial transmission of SARS- CoV- 2 through the application 
of mitigation measures is possible in hospitals and/or other health 
care settings.

The reuse of protective material, such as facemasks, or the devel-
opment of new protective equipment is an emergent topic due to the 
shortage of these materials. Methods such as ultraviolet germicidal 
irradiation, autoclave treatment, ethylene oxide gassing, ionised 
hydrogen peroxide fogging and vapourised hydrogen peroxide ex-
posure may be applied to decontaminate and reuse of N95 filtering 
facemask respirators, with the establishment of quality procedures 
to control microbiological decontamination, as well as the physical 
integrity and functionality of facemasks. Simultaneously, new pro-
tective equipment to substitute facemasks is being developed due to 
the global shortage and because facemasks present some disadvan-
tages, such as unique use (eg, surgical masks) for a limited number of 
hours as well as costs.

Populations may remain uninformed in relation to basic topics, 
such as the protective efficiency of masks, since they may give a 
false sense of security (eg, masks alone, including N95 are not effec-
tive in filtering SARS- CoV- 2 from the environment, especially when 
coughing). In this sense, it is fundamental to repetitively reinforce 
the relevance of social distancing and hand washing, plus face mask-
ing, at the community level.

Clinical guidance and diverse types of clinical guidelines are 
emerging in the literature, such as those on surgical procedures and 
COVID- 19 patients who are in labour or breastfeeding, which seems 
to be useful for all countries that are facing the COVID- 19 pandemic.

7  | PR AC TIC AL IMPLIC ATIONS AND 
FUTURE RESE ARCH

Sanitisation and reuse of protective equipment is a hot topic, but 
international recommendations must be developed to ensure stand-
ardised efficient and safety procedures. Also, the development of 
international guidelines for women who are in labour or breast-
feeding, as well as the early insertion of a laryngeal tube connected 
to an airway filter before CPC plus mask use is recommended. 
Undergraduates in the health professions should be trained in the 
management of infectious diseases during a pandemic.

Clinical guidelines may benefit from the peer- review of clinical 
boards and international organisations, such as the WHO. Also, 
the development of regulations on the approval of new protective 
equipment for COVID- 19 and guidance on epidemiological tracing 
methodologies at the community and nosocomial levels is suggested.
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Classic public health measures, such as massive information cam-
paigns directed at the population, should be encouraged in the ac-
tual pandemic scenario, for instance, based on large online national 
questionnaires to characterise population knowledge, eg, alerting 
people that facemasks may not be highly effective, especially when 
coughing and that other measures, such and hand hygiene or social 
distancing are simultaneously recommended.
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