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Abstract
Objective: To describe the recommendations, physical characteristics, disinfection methods and efficacy of the use of 

homemade face masks to reduce COVID-19 transmission. Methods: We searched MEDLINE, SciELO, and Google Scholar, in 
addition to the official recommendations for the use of masks. Results: Thirty-one references were included. Fabric filtration 
efficiency ranged from 5% to 98%. The filtration efficacy of three layered 100% cotton fabric face masks ranged from 70% 
and 99% in vitro studies. Homemade, surgical, and respirator masks showed breathability between 2.2 and 3.0 Pascal. The 
capacity to reduce the spread of microorganisms by people wearing homemade face masks was three times lower when 
compared to those wearing surgical masks, although this capacity was higher when compared to those who did not wear 
masks. Conclusion: The breathability of homemade masks proved to be adequate, while the filtration ability seemed to be 
lower than that of surgical masks, but it was better than not wearing any masks at all. There is no evidence to support the 
efficacy and effectiveness of homemade masks.
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Introduction

COVID-19 is an infectious disease, which mainly 
affects the lungs, caused by a newly discovered 
coronavirus, causing a severe acute respiratory 
syndrome (SARS-CoV-2). The first recorded cases 
occurred in China in December 2019, and the World 
Health Organization (WHO) declared COVID-19 to be 
pandemic on March 11, 2020.1

observational studies. The terms used in these searches 
were ‘cloth mask’, ‘homemade mask’, ‘cloth mask 
breathability’, ‘homemade mask breathability’, ‘cloth 
mask disinfection’, ‘homemade mask disinfection’ and 
‘mask’, associated or not with the term ‘COVID-19’. 
Studies that evaluated the physical characteristics of 
fabrics and masks (filtration efficiency, breathability 
and influence of adequate fit on filtration capacity), 
methods for disinfection of homemade face masks, 
and efficacy and effectiveness of the use of homemade 
face masks were considered eligible.

Searches related to recommendations on the use 
of homemade face masks were also conducted at the 
Brazilian Ministry of Health, the National Health 
Surveillance Agency (ANVISA), WHO, the United States 
Centers for Disease Control and Prevention (US. CDC) 
and the European Centre for Disease Prevention and 
Control (ECDC). The searches were conducted by 
October 29, 2020. Three authors (Sousa ITC, Pestana 
AM, and Pavanello L) were responsible for reading the 
titles and abstracts, for initial selection, and reading 
the complete texts. They also assessed the eligibility of 
the studies identified. The Rayyan platform (https://
rayyan.qcri.org) was used during this stage.

Results

195 articles were retrieved, of which 15 were 
duplicated and 165 excluded, after reading the title 
and abstract. A total of 15 articles were included, in 
addition to 16 references from official institutions.

Official recommendations

Regulatory agencies and public health 
organizations have recommended the use of 
homemade masks by the general public when there is 
a need to leave home, given that masks can provide 
a physical barrier, reducing the spread of infectious 
droplets and aerosols from the control of the source of 
infection: infected, asymptomatic or pre-symptomatic 
individuals.4,5,7,9-14 According to WHO, homemade 
cloth masks must include three layers of fabric: an 
innermost layer of a hydrophilic material (cotton); 
an outermost layer made of hydrophobic material 
(polyester, polyester hybrid and cotton, polypropylene); 
a middle hydrophobic layer which has been shown to 
enhance filtration or retain droplets (polypropylene 
or polyester).12 The US CDC indicates that masks 

In January 2021, there were more than 90 million 
people infected, more than 1.5 million died and 219 
affected countries. The United States, India, and Brazil 
had the highest number of cases.2,3

Non-pharmacological interventions were 
recommended to reduce the spread of the disease, in 
addition to the use of masks by the general public, 
including asymptomatic individuals.4-8 The use of 
medical masks, such as surgical masks and respirators, 
by the general public can result in shortage of these 
materials for health care professional working at the 
front line treating and caring for patients. Therefore, it 
has been recommended the use of homemade masks, 
although they are not considered personal protective 
equipment and have not undergone quality control 
tests after their manufacture.9,10

This review aimed to describe the recommendations 
for use, physical characteristics, disinfection methods 
and efficacy of homemade masks in reducing 
COVID-19 transmission.

Methods

This was a narrative literature review. Searches 
were conducted in MEDLINE (via PubMed), SciELO 
and Google Scholar (100 first results), in the quest 
for in vitro experimental study, clinical trials, and 

Non-pharmacological interventions are 
recommended to reduce the spread of 
COVID-19, including the use of masks by 
the general public. Although homemade 
face masks are not considered personal 
protective equipment, they are also 
recommended.

https://rayyan.qcri.org
https://rayyan.qcri.org
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including two layers of fabric should block light when 
held up to bright light source.14 Box 1 shows the main 
recommendations for the use of homemade, surgical 
and respirator masks, while Box 2 shows the fabrics 
recommended for making masks.

Despite the recommendations for use, WHO4 and 
ECDC10 warned of risk of contracting SARS-CoV-2 for 
inadequate use and handling of masks, a false sense of 
security, with neglect of other essential measures, such 
as physical distancing and hand hygiene practices.4,10

Filtration ability and facial fit

Most initiatives that verified filtration ability of face 
masks were in vitro studies that used droplet generator 
(>5 μm) or aerosols (≤5 μm) through masks or fabrics 
to assess their blocking potential.15-21 Several substances 
were used for the production of the particles, such as 
sodium chloride15,17,18 fluorescent nanoparticles16 and 
polystyrene particles,20 in addition to microorganisms 
such as avian influenza virus,18 bacteriophage MS222, 
Staphylococcus aureus19 and Bacillus atrophaeus.22

Some combinations of different fabrics including 
multiple layers showed a higher filtration ability: 
masks made of one or two layers of 600 threads per 
inch 100% cotton (over 98%); face masks of  one layer 
of 200 threads per inch 100% cotton, (96%);16 masks 
of one layer of cotton silk blend fabrics, (over 94%);17 
masks of one layer of 70% cotton and 30% polyester, 
(93%);16 non-woven face masks, two layers (93%);19 
and masks of one layer of polyester and four layers 
of kitchen paper (95%).18 Other fabrics and different 
combinations showed poor results, such as face masks 
of one, two or four layers of natural silk fabric, (54% 
to 88%), two layers of 80 threads per inch cotton, 
(9% to 49%)14 and non-woven of one layer (42%).19  
Surgical masks showed filtration efficacy between 76% 
and 98%.17-19

Assays with assessment of particles of different sizes 
(20 to 1,000 nm) and velocity dispersion (5.5 cm/s and 
16.5 cm/s) showed that 100% cotton, 100% polyester 
and fabrics made of cotton blends had instantaneous 
penetration level (the opposite of filtration), between 
40 and 90%, with increased penetration according to 
the increase in the air velocity used.15 At a flow 8 L/min  
and 19 L/min, homemade masks with plastic and latex 
valves had filtration efficacy above 60%, while two 
other homemade masks ranged from 10% to 90%.21 At 
a flow of 32 L/min, cotton fabrics of weight between 

157 and 360 g/m2 showed filtration efficiency between 
5% and 25%; masks of silk, 4%; surgical masks, 33%; 
and respirators, 95%.20

An in vitro study22 to assess the filtration efficiency 
of the fabric in a condition of complete seal, showed 
that the filtration efficiency for aerosols containing 
Bacillus artophaeus was 69% for 100% cotton fabrics 
(one layer), 60% for linen (one layer) and 96% for 
surgical masks. For MS2 bacteriophage, filtration 
capacity was 50% for 100% cotton fabric (one layer), 
54% for linen (one layer) and 89% for surgical masks. 
Two layers of 100% cotton fabric was tested only for 
Bacillus artophaeus, the filtration efficiency was 70%.22 

The same study22 simulated the use of masks in 
healthy people (n=21) to determine the effect of masks 
in preventing the dispersion of microorganisms. The 
volunteers wearing surgical and homemade masks 
(100% cotton fabric) or no mask, coughed twice 
into a mobile sampling chamber. The capacity to  
reduce the spread of microorganisms by volunteers 
wearing homemade masks was three times lower than 
that of those wearing surgical masks. However, this 
capacity was higher when compared to those that did 
not wear masks.21

The influence of sealing was also assessed in 
assays related to filtration efficacy of homemade and 
surgical masks and respirators.17 Inadequate fit, that 
is, gaps between the mask and the face, can reduce the 
protection provided.14 Nonmedical masks must cover 
your nose, mouth and chin, which is called breathing 
zone. Do not choose masks that have exhalation valves 
or vents. Check to be sure the mask fits snugly over the 
nose, mouth and under the chin and that there are no 
gaps around the sides (Figure 1). They should also be 
designed in such a way as to be put on and removed 
easily, avoid tight-fitting masks.23

An assay that simulated situations related to fit and 
leakage of masks and respirators, for different particle 
sizes, showed that the filtration efficacy was 99% (for 
particles larger than 300 nm), 85% (for particles smaller 
than 300 nm) for N95 respirators. The presence of an 
orifice corresponding to 1% of the respirator surface 
area reduced filtration efficacy to 34%. For surgical 
masks the filtration efficiency was 99% (particles >300 
nm – adequately fitted face mask), 76% (particles <300 
nm – adequately fitted face mask) and 44% to 50% 
(with the presence of an orifice corresponding to 1%  
of the surface area of the mask, improper fit).  
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Box 1 – Recommendations from health agencies and organization consulted on the use of homemade masks, surgical 
masks and respirators

Homemade masks Healthy, asymptomatic or pre-symptomatic people in areas with confirmed COVID-19 cases, when there is a need to leave 
home.4,7-10,12

Surgical masks Healthcare workers in their clinical practice, receptionists, people diagnosed or with symptoms of COVID-19 and  
individuals at high risk of getting seriously ill, such as the elderly and people with comorbidities.3-5,7,10,12,38

Respirators Healthcare workers on the front line fighting COVID-19, exposed to aerosol-generating procedures, such as dental care, 
nebulization, cardiopulmonary resuscitation maneuvers or procedures involving upper airway instrumentation.5-7,10,12,38

Face shields can be used as an option for people with mental disorders, and children, for whom wearing masks may not be feasible.
Children under two years old should not wear masks, as they are unable to remove the mask without assistance.3,4,9

Box 2 – Best fabrics for making homemade masks

Institutiona Types of fabrics Number of 
layers

Ministry of Health11

Vacuum bag 

2
Hybrid: 55% polyester and 45% cotton

100% cotton 

Antimicrobial tissue pillowcases

National Health Surveillance Agency5

100% cotton 

3Hybrid cotton-spandex, composed of at least 90% cotton

Non-woven fabric

World Health Organization4,12,13

100% cotton 

3

Polyester

Cellulose

Silk

Nylon

Polypropylene

Centers for Disease Control and Prevention9 Cotton 2

a) European Centre for Disease Prevention and Control (ECDC) does not have a fabric specification and number of layers of homemade masks.

For homemade masks, such as silk cotton blend fabric, 
this variation was 98% (particles >300 nm) to 94% 
(particles <300 nm) and 37% (with the presence of an 
orifice corresponding to 1% of the surface area of the 
mask, simulating an improper fit).17

Homemade cloth masks were less effective in 
terms of filtration and face mask fit when compared 
to surgical masks and respirators.24,25 An assay 
assessed the protection factor (PF) calculated, which 
considered the ratio of particles filtered by masks in 
children (n=11) and adults (n=28).24 This factor was 
obtained initially considering the filtration rate: %F 
= (number of particles in the air inside the mask per 

cm3/number of particles in the air outside the mask 
per cm3) x 100. Once the value of %F was obtained, the 
PF was calculated, which is the inverse of the filtration 
rate, divided by 100 (FP =%F/100)-1.24

In adults, the PF of masks (median and interquartile 
interval) when tested in short term inward protection 
was 2.5 (2.1 – 2.9) for homemade masks, 4.1 (3.1 – 
7.2) for surgical masks and 113.0 (26.0 – 210.0) for 
N95 respirators. In children, the PF was 2.2 (1.5 – 2.2) 
for homemade masks, 3.2 (2.2 – 4.1) for surgical 
masks and 18.0 (6.1 – 165.0) for N95 respirators.24 
In general, homemade masks provided 50 times less 
protection than FFP-2 respirators (European equivalent 
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Note: Homemade masks should cover the nose, mouth and chin (called breathing zone), properly fitted; exhalation or vents valves are not recommended.

Figure 1 – Breathing zone protection of the nonmedical mask

of a N95 masks) and 25 times less than surgical masks, 
presenting lower protection factor in children.24

An in vitro study assessed the filtration efficacy and 
fit of surgical masks (n=3), N95 respirators (n=3) 
and two layered cotton masks (n=10) through fitting 
tests. A volunteer was recruited for the experiment. A 
portable counter of all free floating particles in the air 
via an electrostatic particle classifier and counter was 
used. It can register particles floating in the air with 
sizes between (0.02 μm to 1 μm) outside and inside the 
mask for one minute. The filtration values obtained 
were compared between masks and respirators: two 
layered cotton mask presented filtration efficacy of 
less than 60%, and consequently, an inadequate fit, 
according to the face fitting test. Surgical masks with 
nose clip showed filtration greater than 75%; and N95 
respirators, considered personal protective equipment 
and checked by the face fitting tests, presented filtration 
greater than 99%.25 Adding a layer of nylon stocking 
over the homemade masks, in order to improve the 
facial fit and reduce the gaps between the face and the 
mask, resulted in increased filtration efficiency greater 
than 70%.25

Breathability of homemade masks

The acceptable breathability of a surgical mask 
should be below 49 Pa/cm2. For homemade masks, an 
acceptable pressure difference should be below 100 
Pa/cm2.26

The unlimited combination of fabrics and materials 
used resulted in variable filtration and breathability, 
and it is recommended to include at least two to three 
layers of fabrics for homemade masks.4,5,9,11 

A study conducted with 24 children between 8 and 
11 years old, when comparing three types of homemade 
masks designed to protect them against exposure to air 
pollution, observed for all masks, breathability was one 
of the negative criteria. The perception that the masks 
affected their ability to breathe, led the children to 
remove them during walking and running activities.27

An in vitro study17 assessed breathability using 
differential pressure in 15 types of fabrics used to 
make homemade masks, and compared it with the 
corresponding values found for respirators and 
surgical masks. Homemade masks showed filtration 
and breathability values similar to those of surgical 
masks and respirators, according to the type of fabrics: 
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one or two layers of 100% cotton fabric, presented 
filtration efficacy greater than 98% and breathability 
of 2.5 Pascal (Pa), results similar to those of respirators 
(99% filtration and 2.2 Pa breathability) and surgical 
masks (99% filtration and 2.5 Pa breathability). They 
also showed results similar to those of cotton silk 
fabric blend (98% filtration and breathability 3 Pa), 
cotton polyester spandex fabric (98% filtration and 
Breathability of 3 Pa) and cotton polyester fabric (96% 
filtration and 3 Pa breathability).17

Disinfection of homemade masks

Masks should be handled with caution to avoid 
cross-contamination with other items,4 washed and 
disinfected whenever it gets dirty or at least daily.28 
As for the hygiene of homemade masks, wash them 
with hot water4,7,23 or cold water,11,23,28-30 using laundry 
detergent or soap (Box 3);4,5,7,11,28 enzymatic detergent 
was also indicated in the washing process, as an 
alternative to laundry detergent.23 Some organizations 
recommended immersion of the mask in solution 
with sodium hypochlorite for 5 to 30 minutes,5,11,28 or 
chlorine for 1 min.4 The use of the washing machine 
with hot water (60 ºC) has been suggested, in addition 
to the use of iron5 (Box 3).

An in vitro study conducted in 2020 presented 
tests that were performed in triplicate using moist 
heat (in a rice cooker or other kitchen steamer, for 
15 minutes) and dry heat (in an oven, 100 ºC for 
15 minutes) to assess the disinfection of homemade 
masks, N95 respirators and surgical masks after 
having their outer and inner surfaces inoculated 
with methicillin-resistant Staphylococcus aureus 
(MRSA) and bacteriophage MS2.31 The moist heat 
treatment resulted in a greater than 5 log reduction 
in MRSA and MS2 bacteriophage, whereas dry heat 
did not result in a greater than 3 log reduction of 
either organism, regardless the type of mask. No 
visible changes were observed after five cycles of 
decontamination, in the masks.31

Efficacy and effectiveness of use in the 
prevention of respiratory infections

In 2011, a randomized controlled trial with 1,607 
doctors and nurses from 15 hospitals in Vietnam 
found that the incidence of respiratory infection was 
statistically higher in the group of homemade masks, 

compared to that of surgical masks.32 Infections were 
based on clinical symptoms or laboratory confirmation 
through real-time reverse transcription polymerase 
chain reaction (RT-qPCR) for 17 respiratory viruses, 
including severe acute respiratory syndrome virus, 
(SARS-CoV-2 was not included).

In the period from December 31, 2019 (first day, 
no confirmed cases in Hong Kong) to April 9, 2020 
(with 961 confirmed cases), compliance of face mask 
usage and the number of laboratory-confirmed cases 
in Hong Kong was compared to that of representative 
countries in North America, Europe, and Asia. The 
diagnosis of COVID-19 was performed using RT-qPCR 
and the monitoring of face mask usage was carried 
out by counting  the number of people not wearing 
masks on three consecutive days (10,500 people were 
monitored).33 The average of face masks usage in Hong 
Kong was 96%, and the transmission rate of COVID-19 
was 129 people infected per 1 million inhabitants, while 
in South Korea, the compliance of face mask usage was 
50% and the incidence of COVID-19 was 200.5 per 1 
million habitants.33 Other countries, such as Spain 
(2,983.2 infected people/1 million inhabitants) and 
Italy (2,250.8 infected people/1 million inhabitants) 
had higher proportion of infected people/1 million 
inhabitants. However, the percentage data of face mask 
usage for both European countries were not available, 
only the information on populations from regions 
where the use of face masks was not universally 
adopted.33

Discussion

The use of homemade face masks to prevent the 
spread of COVID-19 has been recommended by the 
health agencies and organizations consulted, in 
situations where there is a need to leave home. Fabrics 
used to make homemade masks may present adequate 
filtration, although variable, they are always inferior to 
surgical masks. Studies assessing the use of homemade 
face masks during the pandemic caused by SARS-CoV-2 
are still scarce, and inconclusive. There was a possible 
reduction in the incidence of infection with the use 
of homemade face masks. With regard to disinfection 
methods, washing the masks with soap and water, as 
well as the use of 2-2.5% hypochlorite solution are the 
main recommended actions.
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The recommendations for the use of homemade 
face masks presented here, took into consideration 
only the official publications from five health 
institutions (Anvisa, Brazilian Ministry of Health, CDC/
USA, ECDC and WHO), which is a limitation for this 
review. Furthermore, no studies were found on the 
assessment of filtration efficacy of homemade face 
masks or efficacy of methods for mask disinfection 
regarding SARS-CoV-2: the conclusion with regard 
to the effectiveness of filtration and disinfection of 
different masks were based on the results of studies 
that simulated – inanimately – SARS-CoV-2, or that 
used other viruses and bacteria.

Health agencies and organizations recommended 
that homemade face masks should be made from the 
following materials: 100% cotton fabric,4,9,5,11 non-
woven5 and hybrid cotton polyester fabric.11 These 
fabrics were effective in vitro in terms of particle 
filtration efficiency against aerosols, presenting 
filtration rates between 93% and 98%.16,17,19 
However, methodologically similar researches15,20,21 
presented different results, with filtration values 
below 40%. Notwithstanding, these studies did not 
make it clear15,20,21 the number of layers or even the 
constitution of the fabric used to make the masks. In 
general, masks made up of two cloth layers were more 
effective regarding filtration efficacy than single-
layered masks.17-19 In addition to the type of fabrics 
used, variations in the experiments on filtration 
efficacy, such as the size of aerosol particles, airflow 
velocity employed and whether the masks were 

adequately fitted or not, may influence the results, 
making it difficult to compare studies.16-22

The breathability and fit of the homemade masks 
are factors that influence the filtration efficiency of 
the masks.27 Homemade masks are able to present 
adequate breathability, similar to surgical masks and 
respirators, 16,17,22 although they may have a poorer 
fit.21,22 It is important to highlight: homemade and 
surgical masks unlike respirators, are not designed to 
provide sealing. The presence of gaps between the face 
and the mask, although adequately fitted, can reduce 
filtration efficacy.17,21,22

Water, soap and/or laundry detergent and 
disinfectant such as hypochlorite are the most 
recommended products for disinfection of homemade 
masks.4,7,9,11,23 Chemical and physical methods 
of disinfection, such as the use of 70% ethanol,34  
sodium hypochlorite35 and heat inactivation,36 also 
showed, in vitro, that they were capable of  potentially 
reduce SARS-CoV-2 transmission, although they were 
not used in homemademasks.37 Studies aimed at 
assessing the impact of disinfection methods on the 
physical parameters of homemade masks, were not 
found, although it has been suggested that you can 
reuse and wash your masks up to 30 times.5 Studies 
assessing the efficacy of mask disinfection, mainly 
related to SARS-CoV-2 contamination, are still needed.

As for the efficacy and effectiveness of the use of 
homemade masks by the general public, prediction  
studies based on mathematical models estimated that 
the use of low efficacy masks, can reduce by up to 45% 

Box 3 – Recommendations for washing and disinfection of homemade masks

Institution Recommendation for washing and disinfection

World Health Organization4
Water temperature at 60 ºC + soap/laundry detergent or water at room temperature 
with soap / laundry detergent and then boiled, or water with 0.1% chlorine. Masks 
should soak for 1 minute and then be rinsed with water at room temperature.

Centers for Disease Control and Prevention28
Immerse the mask in 2.0-2.5% sodium hypochlorite and water at room temperature 
for 5 minutes, then rinse it with water at room temperature, and dry with hot air or 
outdoors; in washing machines, use soap and hot water.

European Centre for Disease Preventions and Control7 Laundry detergent at 60 ºC.

Ministry of Health11
Immerse the mask in 2.0-2.5% sodium hypochlorite and water in the proportion at 
1:50 for 30 minutes. It should be rinsed with water and washed with soap and water. 
After drying, iron it.

National Health Surveillance Agency5

Previous washing with water and neutral soap. Immerse the mask in 2.5% sodium 
hypochlorite solution (or other disinfectant) and water for 20 to 30 minutes. Rinse 
with water and then, after drying, iron it. In washing machine, program the complete 
wash cycle with water temperature at 60 ºC.
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the deaths caused by SARS-CoV-2, in 2 month forecast 
horizon.38-40 An observational study conducted in 2020 
concluded that the use of masks significantly reduced 
the spread of SARS-CoV-2 among the population.33 
However, the types of masks used were not specified, 
and the influence of other factors, such as  hand 
hygiene process and physical distancing was not 
taken into account. In the hospital environment, 
professionals wearing homemade masks were more 
susceptible to respiratory infections when compared 
to those wearing surgical masks.32 It is worth noting 
that factors such as handling and duration of wearing 
of homemade masks, or the risk of infections from 
outside the hospital environment, were not controlled.

Taking these results, it can be concluded that the 
filtration and breathability efficacy of the fabrics, from 
which the homemade masks are made, is variable 
and, in some situations, comparable to that of surgical 
masks. However, in situations related to the use and 
considering the influence of factors such as adequate 
fit, the homemade mask can promote filtration and 
protection against respiratory infections lower than 
those observed in surgical masks and respirators, 
although better than no masks at all. Methods of 

disinfection with soap and water and/or laundry 
detergents, or with disinfectant such as hypochlorite, 
are recommended even without scientific evidence of 
its effectiveness in homemade masks. Further studies 
are needed to assess disinfection methods, efficacy 
and effectiveness of the use of homemade masks in 
preventing COVID-19.
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