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Emerging Evidence on COVID-19  

Rapid Review on the Characteristics of Effective Non-

Medical Face Masks in Reducing the Risk of SARS-CoV-2 

Transmission 

Introduction 

What is the evidence on the characteristics (e.g., design, material, fit) and efficacy of non-medical face masks 

in reducing SARS-CoV-2 transmission? (i.e., prevention of the spread of SARS-CoV-2 if worn by an infectious 

person or protection afforded to the wearer from inhaling SARS-CoV-2.) 

Many public health organizations globally such as the World Health Organization recommend the use of face 

masks in public spaces to protect against COVID-19. Non-medical face masks (i.e. homemade or 

manufactured) are not regulated as personal protective equipment as they are not tested according to a set 

of standardized test methods (e.g., NIOSH, ASTM F2100 or EN 14683) like medical masks are (e.g., N95 

respirators and surgical masks). Thus, they are not recommended for use by healthcare professionals and 

those with an increased risk of infection in situations where physical distancing is not possible (1).  

The focus of this review was on the efficacy of non-medical masks for use in the general population during 

the COVID-19 pandemic. As such, articles that only evaluated respirators or surgical masks were not included 

in this review. Articles that compare the performance of respirators or surgical masks to non-medical masks 

are included and benchmarking outcomes were of interest to understand how the performance of different 

non-medical masks contrasts to the performance of medical masks. This rapid review summarizes literature 

until December 2, 2020 on evidence of the characteristics of non-medical face masks including the material, 

design and fit that make masks effective at filtering SARS-CoV-2 while maintaining an appropriate level of 

breathability. In the context of the COVID-19 pandemic and this review, studies examined masks both as a 

form of source control (i.e. preventing the spread of SARS-CoV-2 if worn by an infectious person) as well as 

protection they afford to the wearer from inhaling SARS-CoV-2. There is a synergistic effect when both the 

virus receiver and spreader wear masks (2). 

Key Points 

 Fifty-four primary research articles were identified, which included 22 studies investigating the 

prevention of the spread of SARS-CoV-2 by non-medical masks if worn by an infectious person 

(source control) and 37 studies investigating the protection provided by non-medical masks to a 

non-infected individual from inhaling SARS-CoV-2. Studies were conducted utilizing human 

volunteers (n=15), manikins (n=15), filter-holders (n=34) and animal models (n=1).   
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 Experimental simulation studies have found that non-medical masks are more effective for source 

control (Table 1) than protection of uninfected individuals (Table 2). There is a synergistic effect when 

both the uninfected person and the infected person wear masks (2). 

 A face mask can significantly limit the distance respiratory droplets travel during indoor talking, 

coughing and sneezing, however, the efficacy of non-medical masks depends on three characteristics: 

1) filtration efficiency 2) breathability and 3) fit. 

 Filtration efficiency depends on the type, size, and velocity of the respiratory droplets and is 

dependent on the fabric quality (tightness of the weave, fibre or thread diameter) and inherent 

characteristics of the fabric (e.g., electrostatic charge and hydrophobicity).  

 When made of high quality fabrics with multiple layers that fit snuggly around the mouth and nose, 

non-medical face masks can reduce the risk of spreading or being exposed to SARS-CoV-2, although 

to a lesser extent than medical masks.  
o Tight-fitting, double-layered masks comprising different material types (e.g., combed cotton 

and polyester) or masks made from one type of material but with greater than 2 layers 

exhibited similar outward blocking efficiencies as medical masks (>90%) while still maintaining 

comparable breathability. 

o Masks that do not fit tightly against the skin were shown to significantly reduce the mask 

effectiveness and in some studies the reduction was more than 50% in filtration effectiveness. 

 A diverse range of non-medical face masks and materials were evaluated for filtration efficiency in 42 

studies and a wide range of filtration efficiency results were reported (<10% to >95%).  

o Multiple layers for cloth masks improve filtration efficiency, however breathability decreases 

with additional layers. Research shows that greater than three layers significantly reduces 

breathability. Some samples fabricated with three layers were able to reach filtration 

efficiencies >90%.  

o Filtration efficiencies of most household materials were higher for larger droplets and droplets 

expelled at lower velocity. 

 Studies show the type of fabric and use of mixed fabrics improve the filterability, breathability and 

longevity (i.e. reusability).  

o Materials used for masks should be a fine or tightly woven fabric. Some fabrics are 

hydrophobic (e.g., polyester, spunbound polypropylene, or polyaramid) or can capture charged 

particles via a form of static electricity (e.g., polyester or silk), while others may have hydrophilic 

properties to enhance comfort and longevity (e.g., cotton). 

o Multiple studies found a triple-layered mask made of a hydrophobic exterior, blended non-

woven fabric middle, and hydrophilic interior was found to be an ideal combination to 
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maximize both the transmission-reducing potential and protection capacity of non-medical 

masks.  

 Some fabrics are not recommended for use in non-medical face masks.  

o Vacuum cleaner bags have been shown to have filtration efficiencies comparable to medical 

masks, however they are not certified clinical products and may contain unhealthy ingredients 

and harmful fibers.  

o Loosely folded face masks, bandana-style face masks, and single-layered neck gaiters do a 

poor job at blocking respiratory droplets and offer little protection. The evidence is highly 

variable for neck gaiters, several studies showed no protection by neck gaiters, one showed 

enhanced production of aerosols, while another study reported blocking efficiencies similar to 

a cotton face mask.  

o Respirators with an exhalation valve can protect the wearer from SARS-CoV-2 but do not 

prevent virus dispersion by the wearer, and thus are not effective for source control.   

Overview of the Evidence 

There were 54 primary research articles pertaining to the characteristics and effectiveness of non-medical face 

masks in reducing the risk of SARS-CoV-2 transmission identified and included in this review. The focus of the 

review was on the efficacy of non-medical masks for use in the general population. As such, articles that only 

evaluated respirators or surgical masks were not included in this review. Articles that compare the 

performance of respirators or surgical masks to non-medical masks are included and benchmarking 

outcomes were of interest to understand how the performance of different non-medical masks contrasts to 

the performance of medical masks that are regulated. A rapid review on the use of face masks to prevent 

COVID-19 in community settings has been conducted and is available through the Emerging Science 

Secretariat. 

The majority of studies included in this review were quasi- and simulation experiments that investigated the 

blocking/filtration efficiency, breathability and fit (i.e. a measure of how well the mask conforms to the face 

leaving minimal space or gaps between the mask and the skin) of various non-medical mask materials and 

styles utilizing human volunteers, manikins, animal models, and/or fabric filter holders. These experiments are 

an approximation of a real situation and are subject to the limitations of the models used. Manikins do not 

perfectly mimic human face shapes, movement (i.e. impacting fit) or respiratory activities, so extrapolation of 

these results to humans should be done with caution. Similarly, experiments using filter holders overestimate 

mask efficacy as they only evaluate the filterability of the fabric and not the fit of a mask on a person, thus the 

efficiency of a mask on volunteers or manikins would be expected to be lower due to leakage around the 

mask. None of the studies identified evaluate how effective specific types of non-medical masks are in real 

world settings, thus the results of this review only represent the efficacy of different masks evaluated under 

controlled experimental conditions. Further, while it was possible to compare and rank different 
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designs/materials/fit within studies, differing methodologies and material combinations made comparisons 

across studies difficult.  

A SARS-CoV-2 virion is 0.1 µm in diameter, but is usually transported within other particles such as respiratory 

particles that come in a continuum of sizes ranging in size from <1 µm to >5 µm. Please request the review 

on aerosol transmission for further information. Particle sizes and velocities were not consistent between 

studies and filtration of different particle sizes varied across fabrics, thus filtration efficiencies are difficult to 

compare/synthesize. Many studies did not use real respiratory droplets or virus laden particles and instead 

utilized aerosol dispersion of alternative particles (e.g., NaCl, starch, bacteria, latex, silicon dioxide). The 

existing research on how effective non-medical masks are is of low quality and results will likely change with 

additional research.  

CONTENTS 

NON-MEDICAL MASKS FOR SOURCE CONTROL ..................................................................... 4 

NON-MEDICAL MASKS FOR PROTECTION FROM INHALING SARS-COV-2 ........................... 17 

 

NON-MEDICAL MASKS FOR SOURCE CONTROL 

Human and manikin studies (n=15): 

The effectiveness of non-pharmaceutical interventions, such as social distancing, can be increased by 

reducing the level of infectious droplets/aerosols in the air of shared spaces (3). In light of the fact that people 

infected with COVID-19 can be asymptomatic or pre-symptomatic, universal masking in public areas is 

recommended as a means of source control to reduce exhalation particle dispersion, velocity and potential 

transmission.   

Studies on human volunteers (n=10) and manikins (n=7) have been conducted. Manikins do not perfectly 

mimic human skin and movement (i.e. impacting fit) or respiratory activities as the air typically travels in only 

one direction (4).  

Non-medical masks are better at source control (blocking viral droplets/aerosols (i.e. limiting transmission 

from an infected individual) (Table 1) than providing protection to uninfected people (Table 2) (2, 4, 5).  

 Fabric masks, such as those made from cotton, are not as effective as medical masks at reducing 

outward droplet/aerosol dispersal (6, 7). This is likely due to the fabric used in the mask as well as 

increased air leakage resulting from a looser fit (6, 8). 

mailto:phac.evidence-donnees.probantes.aspc@canada.ca?subject=A%20copy%20of%20the%20ESG%20Aerosol%20Review%20is%20requested.
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 Compared to no mask, having a mask reduced the outward droplet/aerosol dispersal, however the 

magnitude of the reduction varied by the composition of the mask and specific attributes of the 

experiment (Table 1): 

o A cloth mask (fabric/composition not reported) was effective in reducing the respiratory jet 

distance while breathing and coughing from beyond the experimental field of view at 562mm 

(no face mask) to 150mm (similar to a surgical mask) (6).  

o A mask made from quilting cotton reduced the respiratory jet distance from 8ft to 2.5in (8). 

o A person standing 2m from someone coughing without a mask was exposed to over 1000 

times more respiratory droplets than from someone standing 5 cm away wearing a basic single 

layer mask (9). 

 Tightly-fitted surgical style masks made with multiple layers that included 100% cotton fabric and 

middle layers of non-woven polypropylene is very effective in reducing droplet dispersal (3, 10). 

Duckbill mask designs also demonstrated satisfactory fit and blocking efficiency (11). Breathability was 

not assessed in these studies. Examples of these styles are provided in the Appendix.  

 Double-layered masks perform better at blocking droplets/aerosols during speaking, coughing, and 

sneezing than a single layer cloth face mask (12). 

 A triple-layered cotton mask was found to be just as effective as a surgical mask at supressing 

respiratory droplet dispersion (86.4% and 99.9%, p>0.05, respectively) (13). 

 Adding a filter layer such as a kitchen paper towel could significantly reduce the transmission potential 

(14). 

 Loosely folded face masks and bandana-style coverings do a poor job at blocking respiratory droplets 

(8). When used as a single-layered face covering, polyester neck gaiters are not effective in preventing 

droplet/aerosol dispersion (14, 15), however, when double-layered, they provide blocking efficiencies 

similar to that of cloth face masks (16).  

 Respirators with a valve do not prevent virus dispersion by the wearer (6, 15). 

Filter holder studies (n=7): 

Filter holder studies use fabric samples mounted in place by a filter holder and do not take fit of a human face 

into account, and thus may over-estimate the efficacy of face masks.  

 Double-layered masks exhibited better blocking efficiencies than single-layered masks (17-19). 

Further, double-layered masks comprising different material types (e.g., combed cotton and polyester) 

or masks made from one type of tightly woven material (e.g., cotton), but with more than 2 layers 
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exhibited similar blocking efficiencies as medical masks (>90%) while still maintaining comparable 

breathability to surgical masks (20-23). 

 Blocking efficiency is much higher for low-velocity droplets (e.g., generated by speaking) than high 

velocity droplets (e.g., generating by sneezing) (21).  

 Fabric compositions that performed best included hydrophilic materials such as terry cloth, quilting 

cotton or flannel in combination with a hydrophobic barrier layer comprising nonwoven 

polypropylene, polyester or polyaramid which prevents more aerosols from getting through the mask 

(20).  

 N95 standards are set using a particle size range of 0.1-0.3 μm. The majority of studies on non-

medical masks have also used a similar size range in their experiments. Filtration efficiency for medical 

masks and many household fabrics was shown to be lower for smaller particles compared to larger 

droplets. One experiment on ultrafine particles (<0.1 μm) reported N95 respirators and surgical masks 

had 52.5% and 47.5% filtration efficiencies, respectively (19). In comparison, felted wool (35.87%), 

quilting cotton (34.54%) and cotton flannel (28.50%) had lower filtration efficiencies for these very 

small particles (19). 

 Layered silk had a 94% filtration efficiency against small aerosol-sized particles (0.75 μm), likely 

because of its electrostatic charge (18). Silk did not perform as well for larger particles. 

 Layered materials, including a hydrophobic outer layer (e.g., polyester, spunbound polypropylene, or 

polyaramid), an inner layer of high quality cotton fabric, and a middle layer of non-woven or 

electrostatically charged materials (e.g., natural silk, chiffon, or polyester) would be an ideal 

combination to maximize both the protection capacity and transmission-reducing potential of non-

medical masks. 

 A wide range of materials were investigated across studies, some of which may not be safe to use as a 

mask. Vacuum bags for example were shown to be effective at filtering in more than one study, 

however, they may have component materials that are unsafe to inhale or come into close contact 

with the face (19). 

Table 1: Studies that investigate source control characteristics of non-medical masks (n=22) 

STUDY* METHOD KEY OUTCOMES 

Experiments conducted with human volunteer(s) and manikins (n=15) 

Ho 2020 (13) 

 

Quasi-

experiment 

 

China 

Assessment of the filtration efficiency of 

a 3-layer cotton mask and a surgical 

mask worn by adult patients (n=211) 

with confirmed influenza (n=208) and 

suspected cases of COVID-19 (n=6) 

compared with no mask and the 

background particles in the unoccupied 

- The filtration efficiency of the triple-layered 

cotton mask was 86.4% and the surgical 

mask was 99.9%. 

- In both the bedroom and an air-conditioned 

car, the mean particle concentration for 

volunteers wearing no mask was significantly 

higher than in those wearing a surgical mask 

https://www.sciencedirect.com/science/article/pii/S0048969720330278
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Sep 2020 

space, in two settings: a bedroom and a 

car with air conditioning. Four repeat 

measurements of 1-hr were taken with 

a particle counter located within 1m of 

the infected patient. Measurements: the 

filtration efficiency at 5.5cm/s. 

Temperature, humidity and 

cough/sneeze counts were also 

recorded. Paired t-tests were used for 

within-group comparisons. 

or a cotton mask (p-value < 0.05 in both 

settings).  

- The concentration of particles did not 

significantly differ between a triple-layered 

cotton mask and a surgical mask in either 

setting. 

Asadi 2020 (7) 

 

Quasi-

experiment 

 

USA 

 

Sep 2020 

To assess the efficacy of unvented KN95 

respirators, vented N95 respirators, 

surgical masks, homemade single layer 

paper towel, homemade single layer 

and double layer t-shirt cotton masks at 

reducing aerosol particle emission rates 

from breathing, speaking and coughing 

by healthy individuals (n=10), study 

participants were asked to sit with their 

mouths positioned in front of a funnel 

attached to an aerodynamic particle 

sizer (particle counter). They then 

performed different expiratory activities 

while wearing or not wearing masks. 

- Compared to no mask, both surgical masks 

and non-fit tested unvented KN95 

respirators, reduced the average outward 

particle emission rates during speaking by 

90% and during coughing by 74%. 

- Cotton masks were difficult to assess. 

Shedding of non-expiratory micron-scale 

particulates from fibers in homemade cotton-

fabric masks confounded explicit 

determination of their efficacy as measured 

particle emission rate for the double-layered 

mask was not statistically different than no 

mask at all and single-layered cotton mask 

was much higher than that of no mask at all.  

Fischer 2020 

(15) 

 

Quasi-

experiment 

 

USA 

 

Sep 2020 

Used a simple optical measurement 

method to evaluate the efficacy of 

masks to reduce the transmission of 

respiratory droplets during speech. One 

human volunteer wore a face mask and 

spoke into the direction of an expanded 

laser beam inside a dark enclosure. A 

cell phone camera recorded droplets 

that propagated through the laser 

beam scatter light. A simple computer 

algorithm was used to then count the 

droplets. Masks tested included: 

surgical, valved N95, knitted, 

polypropylene, Poly/cotton, Maxima AT, 

- The fitted N95 mask performed the best with 

a droplet transmission fraction of 0.1%> 

surgical > cotton/polypropylene/cotton, 2 

layer polypropylene > mask material+ 

polypropylene swath (loose fit) > 4 different 

double layer cotton masks, valved N95 > 

MAxAT, single layer cotton > knitted > 

bandana > none > neck gaiter. 

- The neck gaiter performed the worst with a 

droplet transmission fraction of 110% as the 

fabric broke larger droplets into a multitude 

of smaller droplets.  

- This study has an extremely small sample size 

and should be used with caution. 

https://www.nature.com/articles/s41598-020-72798-7
https://advances.sciencemag.org/content/6/36/eabd3083
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four double-layered cotton masks, one 

single-layered cotton mask, a neck 

gaiter, bandana and a fitted N95 (no 

valve). 

Swain 2020 (14) 

 

Quasi-

experiment 

 

United Kingdom 

 

Jul 2020 

 

Humidity was used as a quantitative 

approximation of viral shedding. At 

measured distances from a sensor, 4 

healthcare staff wearing a mask or no 

mask were assessed for the change in 

relative humidity and oxygen saturation, 

in 3 scenarios over 2 minutes: 

1) Hard breathing 65mm 

2) Quiet breathing 20cm 

3) Hard breathing 20cm  

The masks tested included a prototype 

mask from AngelMed (no valve), a 

standard NHS clinical mask and a FFP2V 

mask (one-way valve). Homemade 

masks materials tested included a t-

shirt, a double-layered Buff, sock masks 

(both with and without paper filters, 

and a homemade mask designed to 

enable lip-reading (made from a thick 

material surrounding a clear window).  

- Compared to no mask, the AngelMed mask, 

standard NHS clinical mask and FFP2V mask 

all significantly prevented a change in 

humidity. 

- The t-shirt and double-layered buff were the 

same as no mask change in humidity for hard 

breathing @ 65mm scenario (5.4% and 5.1%, 

respectively). 

- A two-layer sock mask performed better than 

a single-layered sock (15.3% vs 9.5%).  

- The home-made lip-reading mask prevented 

any increase in relative humidity. However, 

this mask restricted breathing and was found 

to reduce oxygen saturation in participants. 

- Findings are preliminary and caution should 

be taken when interpreting the results.  

Viola 2020 (6) 

Preprint 

 

Quasi-

experiment 

 

United Kingdom 

 

May 2020 

To compare the air flow ejected by a 

person wearing no or 7 different face 

covers while quietly and heavily 

breathing or coughing, using a 

Background Oriented Schlieren 

technique. A human volunteer (n=1) 

and a manikin were used in the study. 

Five face masks were studied: FFP1, 

FFP2, respirator, surgical mask, hand-

made mask and two face shields. 

- With no face mask, the air jet extended 

beyond the boundary of the field of view at 

562 mm from the mouth after breathing or 

coughing. 

- The FFP2 mask was the most effective in 

reducing all exhaled air dispersal. When not 

properly sealed to the nose, leakage was 

observed towards the crown.  

- The respirator had a valve system that did 

not stop the displacement of the front 

through flow, thus offering no prevention of 

virus dispersion from the wearer.  

https://www.tandfonline.com/doi/full/10.1080/03091902.2020.1797198
https://arxiv.org/abs/2005.10720
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- The handmade mask (composition not 

described) was the least effective in stopping 

air leakage, and the surgical mask was the 

least effective in preventing backward jet 

flow.  

- Findings are preliminary and caution should 

be taken when interpreting the results. 

Bandiera 2020 

(9) 

Preprint 

 

Quasi 

experiment 

 

United Kingdom 

 

Aug 2020 

Assessed effectiveness of surgical 

masks and single layer cotton masks at 

mitigating large respiratory droplet 

dispersion with speaking and coughing 

simulations in manikins. The number of 

droplets from the manikin/air 

compressor were quantified using laser 

sheet illumination and UV-light for 

those that had landed at table height at 

up to 2m. For human volunteers (n=6) 

wearing surgical masks during speaking 

and coughing, expiratory droplets were 

caught on a microscope slide 5cm from 

the mouth. 

- Estimated that a person standing 2m from 

someone coughing without a mask is 

exposed to over 1000 times more respiratory 

droplets than from someone standing 5cm 

away wearing a basic single layer mask. 

- Face coverings show consistent efficacy at 

blocking respiratory droplets of 20-30µm for 

speaking and coughing simulations (p<0.05).  

- No statistically significant difference in 

droplet deposition was seen between the 

surgical mask and the single layer cotton 

mask. 

- No droplet deposition occurred with wearing 

a surgical mask by the volunteers. 

Stubington 2020  

(11) 

 

Quasi 

experiment 

 

United Kingdom 

 

Aug 2020 

A single volunteer wore several masks 

and was filmed exhaling visible water 

vapour, to test the trajectory of exhaled 

material from a masked individual. 

- Flexible pleated and solid FFP masks directed 

exhaled material downwards, exceeding 

25cm. 

- Duckbill masks directed exhaled material 

laterally, producing a smaller plume. 

- Wearing a visor provided no reduction in 

plume size of exhaled vapour for any mask 

type. 

- Fluid repellent material reduced the exhaled 

material traveling downwards. 

Rodriguez-

Palacios 2020 

(10) 

 

Quasi 

Experiment 

The effectiveness of cotton masks in 

retaining/reducing the risk of 

environmental contamination by 

oral/saliva droplets produced by one of 

the investigators (a healthy volunteer) 

during a speech trial (counting from 1 

- The same cotton mask on a human 

volunteer, demonstrated even a single layer 

of the material reduced the risk of 

environmental contamination by oral/saliva 

droplets compared to no mask. 

https://www.medrxiv.org/content/10.1101/2020.08.11.20145086v1
https://www.medrxiv.org/content/10.1101/2020.08.09.20154435v1
https://www.frontiersin.org/articles/10.3389/fmed.2020.00504/full
https://www.frontiersin.org/articles/10.3389/fmed.2020.00504/full
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USA 

Aug 2020 

to 100 in English) conducted at 30cm 

over a sterile TSA agar plate. 

(Table 2 has the protective effect animal 

model experiment). 

Bahl 2020  (12) 

 

Quasi 

Experiment 

 

Australia 

 

Jul 2020 

 

 

This study evaluated the effectiveness 

of the Centers for Disease Control and 

Prevention (CDC) recommended one- 

and two-layer cloth face covering 

against a three-ply surgical mask. The 

single-layer covering was made using 

‘quick cut T-shirt face covering (no-sew 

method)’ and the two-layer covering 

was prepared using a no sew method 

recommended by CDC. To provide 

visual evidence of the efficacy of face 

coverings, a tailored LED lighting 

system along with a high-speed camera 

were used to capture the light scattered 

by droplets and aerosols expelled 

during speaking, coughing and 

sneezing by a single volunteer.  

- Based on visualizations (photos in the paper 

and no analysis) of speaking, coughing and 

sneezing, a single-layer cloth face mask 

reduced the droplet spread, a double-layer 

covering performed significantly better with 

very little visible droplets upon sneezing only, 

and the surgical mask performed best by 

preventing droplet spread from any 

respiratory emission. 

Pan 2020 (4) 

Preprint 

 

Simulation 

experiment 

 

USA 

 

Nov 2020 

Evaluated the effectiveness of 11 face 

masks in a manikin model for material 

filtration, inward and outward 

protection across broad aerosol size 

range 0.04-135µm. Challenge particles 

were generated from a 2% NaCl 

solution. 

They evaluated both inward and 

outward protection efficiency of face 

masks using two manikins mounted on 

opposite sides of a 57-L acrylic 

chamber. The “exhaling” manikin was 

connected to a nebulizer and the 

“inhaling” manikin was connected to a 

vacuum. A mask was worn by the 

inhaling manikin and then the exhaling 

manikin, to measure the number of 

- Filtration efficiency increased with increasing 

particle size and prevented droplets larger 

than 20μm from spreading 33 cm away.  

- Particles 2μm had >90% efficiency using the 

vacuum bag, microfiber cloth, surgical mask, 

and MERV 12 filter. 

- The vacuum bag and microfiber had the 

highest filtration efficiencies, with a range of 

60-90%, surgical masks ~50-75%, coffee filter 

10-75% over particle sizes (0.04-1µm). 

- The thin cotton mask and bandana (2 ply), 

had low efficiencies (30-50%), with even 

lower efficiencies (5-40%) for submicron 

particles.  

https://thorax.bmj.com/content/thoraxjnl/75/11/1024.full.pdf
https://www.medrxiv.org/content/10.1101/2020.11.18.20233353v1
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particles that passed through the mask, 

respectively.  

Face mask: Vacuum bag, surgical mask, 

MERV 12 filter, Bandana, 200-thread 

count cotton pillowcase, cotton t-shirt, 

microfiber cloth, coffee filter, thin 

cotton, thin acrylic and a plastic face 

shield.  

- Inward protection efficiency and outward 

protection efficiency were similar for most of 

the masks. 

- Loose fitting masks (e.g., the bandana) did 

not perform as well for source control. 

- The thin acrylic mask performed the worst.  

- The combined effects of reduced gaps and 

reduced air velocity resulted in a high 

outward protection efficiency for the CDC 

non-sewn mask made from a 200-thread 

count cotton pillowcase. 

Lindsley 2020  

(16) 

Preprint 

 

Simulation 

experiment 

 

USA 

 

Nov 2020 

A cough aerosol simulator with a 

pliable skin manikin headform was used 

to propel small aerosol particles (<0.6 

to 7 µm) into a N95 respirator, a 

medical grade procedure mask, a 3-

layered cotton cloth mask, a polyester 

neck gaiter and a face shield. The 

simulated cough aerosol was generated 

by nebulizing a solution of 14% KCl and 

0.4% sodium fluorescein. Fit tests were 

conducted using a PortaCount.  

- All face masks significantly reduced the 

aerosol released into the environment 

(p<0.0001), except for the face shield. 

- The N95 respiratory blocked 99% of aerosols, 

the medical procedure mask blocked 59%, 

the cloth mask blocked 51%, the single-layer 

gaiter blocked 47%, the double-layer gaiter 

blocked 60% and the face shield only 

blocked 2%.   

- Blocking efficiencies for all masks increased 

with increasing particle size.  

- The N95 respirator had the best fit, followed 

by the medical procedure mask, the double-

layer gaiter, the single-layer gaiter and the 

cloth mask.   

Kähler 2020 (5) 

 

Simulation 

experiment 

 

Germany 

 

Oct 2020 

Quantitative particle image velocimetry 

measurements helped determine the 

spread of exhaled air, the velocity of the 

exhaled droplets and the turbulence 

properties of the flow. A single human 

volunteer was used to observe the flow 

field generated by coughing without 

and with a surgical mask using smoke 

to demonstrate the effect of the gap 

around the mask edge (surgical and 

FFP2 masks). 

- A surgical mask limited the spread of air and 

aerosol when speaking or coughing. 

- Mouth-and-nose covers and surgical masks 

did not fit tightly enough on the face to 

protect against droplet infection, as 

demonstrated by photographic evidence of 

droplets passing unhindered through the 

mask. 

- Masks made from toilet paper with 4 layers, 

paper towel, coffee filters, fleece and 

microfiber cloth had low filtration.  

https://www.medrxiv.org/content/10.1101/2020.10.05.20207241v3
https://doi.org/10.1016/j.jaerosci.2020.105617
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The filtering performance of the 

different materials on small aerosols 

(0.3–2μm) was observed with a digital 

camera in front of and behind the filter 

material. 

- Vacuum cleaner bags with fine dust filters 

demonstrated comparable filtering effect to 

FFP2/N95/KN95 masks, but are not suitable 

for use. 

Ueki 2020 (2) 

 

Simulation 

experiment 

 

Japan 

 

Oct 2020 

This study describes an airborne 

transmission simulator of infectious 

SARS-CoV-2-containing 

droplets/aerosols produced by human 

respiration and coughs. It is used to 

assess the transmissibility of the 

infectious droplets/aerosols and the 

ability of various types of face masks to 

block the transmission. 

A test chamber utilized 2 manikin heads 

placed facing each other connected to 

a customized compressor nebulizer. 

Cotton masks, surgical masks and N95 

masks were evaluated. 

- The N95 mask had the highest protective 

efficacy (reduced exposure to infectious 

particles by 80-90%).  

- Surgical masks and N95 masks were not able 

to completely block the transmission of virus 

droplets/aerosols even when completely 

sealed. The viral load passing through a fitted 

N95 mask when worn by the spreader was 

0.3 log10 copies and when worn by the 

receiver was 10 log10 copies. 

- A cotton mask (no description of 

composition) led to a 20-40% reduction in 

virus uptake compared to no mask.  

- Cotton and surgical masks were better at 

blocking virus dispersion by the wearer 

(>50%) (i.e., as a form of source control) than 

protection.  

- There was a synergistic effect when both the 

virus receiver and virus spreader wore masks 

(cotton masks or surgical masks). For 

example, when the receiver wore a cotton 

mask the viral load passing through the mask 

was 63 log10 copies, when the spreader wore 

a mask the viral load passing through was 42 

log10 copies and when both the receiver and 

spreader wore a mask the viral load was the 

lowest at 33 log10 copies.  See graphs in 

paper. 

Edwards 2020 

(3) 

Preprint 

 

This randomized effectiveness study 

used a 10% NaCl nebulized 

polydisperse particle solution (0.3 µm 

up to 10 µm in size) delivered by an 

exhalation simulator and manikins to 

conduct 94 experiment runs with 

- Non-medical grade mask designs or fabric 

combinations are statistically significant in 

reducing airborne dispersion of particles 

from exhalation compared to no mask. 

- Fabric, mask design and the interaction of 

fabric and exhalation breath level have a 

https://msphere.asm.org/content/5/5/e00637-20
http://medrxiv.org/content/early/2020/07/14/2020.07.12.20152157.abstract
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Simulation 

experiment  

 

USA 

 

Aug 2020 

combinations of 8 different fabrics, 5 

mask designs and airflows for both 

talking and coughing. Two novel 

metrics of Filtration Efficiency Indicator 

(FEI) and Expiratory Flow Dispersion 

Factor (EDF) are established in this 

study to present quantitative values 

that give relative indicators to the 

dispersion control performance of non-

medical masks. Higher values in both 

these metrics indicates better filtration 

and performance with more reduction 

in particle velocities, respectively.  

significant effect on filtration efficiency of 

exhaled particles.  

- The best overall performing mask design was 

a surgical style with internal non-woven 

layers. 

- The best overall fabric depends on a 

reduction in velocity, change in direction or 

increased filtration performance. 

- The FEI values for various materials from best 

to worst were: Bath towel > Sweat pant > T-

shirt > Bandana > Microfiber towel > Pillow 

case > Mover blanket > Dress shirt. 

- The EDF values for various materials from 

best to worst were: Pillow case > Microfiber 

towel > Sweat pant > Bath towel > T-shirt > 

Dress shirt > Mover blanket > Bandana. 

Verma 2020 (8) 

 

Simulation 

experiment  

 

USA 

 

Jun 2020 

This study uses qualitative visualizations 

of emulated coughs and sneezes using 

a manikin head to examine how 

material- and design-choices impact 

the extent to which droplet-laden 

respiratory jets are blocked. 

- Loosely folded face masks and bandana-style 

coverings provide minimal stopping-

capability for the smallest aerosolized 

respiratory droplets.  

- Well-fitted homemade masks with multiple 

layers of quilting fabric, and off-the-shelf 

cone style masks, proved to be the most 

effective in reducing droplet dispersal. These 

masks did have some leakage through the 

mask material and from small gaps along the 

edges. 

Filter holder studies to assess source control characteristics of mask materials (n=7) 

Aydin 2020 (21) 

 

Simulation 

experiment 

 

USA 

 

Jul 2020 

This study investigated the performance 

of 11 household fabrics reducing 

droplet dispersion, using a commercial 

medical mask as a benchmark. Also 

assessed was their breathability (air 

permeability), texture, fiber composition 

and water absorption properties. 

Filtration efficiency of large, high-

velocity droplets was assessed by 

- Most single-layered fabrics had a relatively 

high droplet blocking efficiency (median 

values>70%) when challenged with high 

velocity droplets representative of sneezing, 

coughing or speaking.  

- The medical mask had a blocking efficiency 

of 98.5%.  

- Two or 3 layers of fabric, such as T-shirt cloth, 

blocked droplets with an efficacy similar to 

https://doi.org/10.1063/5.0016018
https://www.sciencedirect.com/science/article/pii/S2352431620301802?via%3Dihub
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placing the fabrics 25mm in front of the 

nozzle of an inhaler, loaded with a 

suspension of 100nm fluorescent beads. 

Low-momentum droplets were 

assessed by placing the fabric 300mm 

from the inhaler. Air permeability was 

assessed using a plug flow tube 

experiment.  

Test fabrics included: polypropylene 

medical mask, 100% cotton t-shirts, 

100% cotton quilt cloth, cotton and 

polyester blend t-shirts, polyester bed 

sheet, polyester and polyamide blend 

dishcloth, and silk shirts.  

that of medical masks (>94%), while still 

maintaining comparable breathability. 

- Blocking efficiency by T-shirt fabric is much 

higher for low-velocity droplets than high 

velocity droplets. 

- Less breathable fabrics are more effective in 

blocking droplets.  

 

Xiao 2020 (18) 

 

Simulation 

experiment 

 

Japan 

 

Jun 2020 

Efficiency of surgical masks, gauze 

masks, gauze, cotton, silk, linen and 

tissue paper on blocking micro-droplet 

sized starch particles (average 8.2μm) 

and latex microspheres (0.75μm) with a 

velocity of 44.4m/s (high-velocity 

sneeze conditions) created by 

centrifugation was qualitatively 

analyzed using imaging-based analysis. 

- The cotton gauze mask was the most 

efficient at blocking starch particles (90.4% 

blocking efficiency), followed by 2 layers of 

cotton (89.0%). Other materials ranged from 

76.4%-87.9% efficiencies, while 8 layers of 

gauze performed very poorly (36.7%). The 

surgical mask blocked 78.2% of particles.  

- When latex microspheres were used to mimic 

aerosol-sized particles, materials with the 

best blocking efficiencies were the 4 layers of 

silk (93.8%), likely because of electrostatic 

charge, the gauze mask (78.5%) and the 2 

layers of cotton (74.6%).  

- Multi-layered linen performed significantly 

better than a single layer (66.5% vs. 53.2%).  

O’Kelly 2020 

(19) 

 

Simulation 

experiment 

 

USA 

 

In this study, 20 commonly available 

fabrics and materials were evaluated for 

their ability to reduce air concentrations 

of ultrafine particles (0.1μm and smaller 

in diameter) at a face velocity of 

16.5m/s (coughing velocity). Further 

assessment was made on the filtration 

ability of select fabrics while damp and 

of fabric combinations which might be 

- Ultrafine particles used in this study lead to a 

low ‘baseline’ for filtration efficiency.  

- The N95 mask (52.47%), surgical mask 

(47.46%), and disposable HEPA vacuum 

(60.86%) had had the highest filtration 

efficiencies.  

http://iv.iiarjournals.org/content/34/3_suppl/1637.full
https://bmjopen.bmj.com/content/bmjopen/10/9/e039424.full.pdf
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Jun 2020 used to construct homemade masks. 

Breathing resistance was estimated 

based on qualitative feedback. In this 

study, filtration efficiency represents the 

percent of particles a filter medium can 

block. 

Fabrics tested included: Felt, Lycra, 

washable vacuum bags, and quilt 

batting/wadding and various weaves of 

cotton commonly available, including 

quilting cotton, shirting cotton and 

cotton jersey knit. 

- Denim jeans (45.94%) and windbreaker fabric 

(47.12%) were efficient, but lacked 

breathability.  

- High filtration efficiency and low breathing 

resistance materials included felted wool 

(35.87%), quilting cotton (34.54%), and 

cotton flannel (28.50%). 

- Common fabrics were able to achieve much 

higher levels of ultrafine particle filtration 

when layered (60%), but were less 

breathable.  

- Vacuum bags were effective, but are unsafe 

for use. 

Foschini 2020 

(17) 

Preprint 

 

Simulation 

experiment 

 

Brazil 

 

May 2020 

This study compares the relative 

efficiencies of commercial respiratory 

masks (medical masks) and homemade 

fabric masks. A nebulizer was used to 

create the aerosol from distilled water. 

For the optical scattering 

measurements 2 different techniques 

were used simultaneously to compare 

the intensity of light dispersion by the 

droplets between the windows before 

and after the sample. 

- The N95 respirator and surgical mask (99.7%) 

had the highest blocking efficiencies.  

- The coffee filter also had high blocking 

efficiency (99.6%) but low breathability and 

degraded with increasing humidity, making 

paper products a poor choice for mask 

material. 

- Confectioner masks (51.0%), do not have as 

many layers as surgical masks, thus reducing 

their efficiency. 

- Conventional fabrics with a higher cotton 

content were the most effective of the 

household fabrics (1-layer: 46.5%). Double 

layering increased the blocking efficiency (2-

layers: 66%). 

Lustig 2020 (20) 

 

Simulation 

experiment 

 

USA 

 

May 2020 

In this study, over 70 different common 

fabric combinations and masks were 

evaluated under steady-state, forced 

convection air flux with pulsed aerosols 

that simulate forceful respiration. 

- Effective materials (lower fractional 

transmission estimates) comprise both 

absorbent, hydrophilic layers and barrier, 

hydrophobic layers.  

- Effective designs are noted with absorbent 

layers (double-layered) comprising terry cloth 

towel, quilting cotton, and flannel. These 

commonly available mask materials exhibit 

https://www.medrxiv.org/content/10.1101/2020.05.26.20100529v1
https://pubs.acs.org/doi/pdf/10.1021/acsnano.0c03972
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fractional transmissions within 10% of the 

five-layer N95 respirator.   

- Effective designs had barrier layers 

comprising nonwoven polypropylene, 

polyester and polyaramid. 

- Many masks made from either a single-layer 

or one type of fabric exhibited higher 

fractional transmissions than the N95 

respirator.   

Rodriguez-

Palacios 2020 

(22) 

 

Simulation 

experiment 

 

USA 

 

May 2020 

This study assessed household textiles 

to quantify their potential as effective 

environmental droplet barriers. They 

used a bacterial-suspension spray 

simulation model of droplet ejection 

(mimicking a sneeze) to quantify the 

extent to household clothing fabrics 

reduce the dispersion of droplets onto 

surface within 1.8m (the minimum 

distance recommended for COVID-19 

“social distancing”).  

Textiles tested included: 100% combed 

cotton (T-shirt material), 100% polyester 

microfiber 300-thread count fabric 

(pillow case), 2 loosely woven 

“homespun” 100% cotton fabrics, and 

“dry technology” 100% polyester 

common in sport jerseys. These textiles 

were compared to no “mask”, and 

medical/surgical mask material.  

- When no mask was used, a simulated sneeze 

could transport bacteria-carrying droplets 

farther than 1.8m.  

- All single-layered textiles were able to 

significantly reduce the ejection of macro-

droplets and micro-droplets to <25.5-34cm.  

- Double-layered textiles (of 100%-combed 

cotton and 100% polyester) completely 

prevented the ejection of large macro-

droplets, and reduced the ejection of micro-

droplets by 97.2% (P<0.020) vs. single-layers 

and dispersion to <10cm. Even the least 

effective single-layered textile (loosely woven 

homespun 100% cotton) achieved a 90-99% 

droplet retention improvement when 

double-layered.  

- Double-layered textiles were as effective as 

medical/surgical mask material for 

preventing droplet dispersion.  

Amendola 2020 

(23) 

 

Simulation 

experiment 

 

Italy 

 

The experiment simulated respiratory 

action measuring the distribution of 

aqueous-based aerosol particles. The 

average filtration efficiency was 

reported taking into account the 

particles with diameters greater than 

0.28µm. The face masks were tested in 

both the inhalation and exhalation 

direction. 

- The medical face mask demonstrated 

filtration efficiencies higher than 97%. 

- Only the face masks fabricated with 3 layers 

mainly constituted by non-woven fabric 

material were able to reach values higher 

than 95% including triple-layer TNT, TNT-

cotton-TNT mask. 

https://www.frontiersin.org/articles/10.3389/fmed.2020.00260/full
https://www.frontiersin.org/articles/10.3389/fmed.2020.00260/full
https://www.sciencedirect.com/science/article/pii/S0026265X20311723?via%3Dihub
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May 2020 TNT= A non-woven material made of 

fabric-based polypropylene and viscose 

*Location or date of study was estimated based on author affiliations and / or publication date. 

 

NON-MEDICAL MASKS FOR PROTECTION FROM INHALING 

SARS-COV-2 

Human, manikin and animal model studies (n=17): 

Studies on human volunteers (n=7), manikins (n=10) and experimental germ-free mice (n=1) have been 

conducted. Manikins do not perfectly mimic humans (i.e. impacting fit) or respiratory activities as the air 

travels in only one direction (4). Thus, caution should be used when extrapolating the manikin results to 

human face mask wearers. 

While non-medical masks have been shown to function better as a form of source control (i.e. limiting 

transmission from infected individuals) (2, 4, 5), they have also been shown to offer some protection to the 

wearer (Table 2). The most effective transmission-reducing scenario is one when everyone (both healthy and 

infected) wears a face mask (2). 

 Proper fitting N95 respirators offer the highest degree of protection (>95%) (2, 24-31). Improper 

fitting N95 respirator offer a range of protection, in some cases comparable to surgical and cloth 

masks (24, 30). 

 Surgical masks have better filtration efficiencies than non-medical masks (range: 19.94%->95%) (4, 25-

28). 

 Cloth masks generally had lower filtration efficiencies compared to medical masks although certain 

fabrics and layers performed comparably to medical masks (4, 25, 27, 28). 

o Mask performance (filtration of respiratory droplets, minimal air leakage) was higher for tighter 

fitting masks (5, 24-26, 30, 32) and for multi-layered masks (29, 31, 33). Filtration efficiency was 

higher for larger particles (4).  

 Silk was found to be very hydrophobic and effective at impeding penetration of water droplets during 

spray tests (34).  

 Bandana’s and single-layered cotton fabrics were found to fit and perform poorly (<15-30% efficiency) 

(4, 27-29, 31).  

 Surgical-style non-medical cloth masks did not perform as well as cone or duckbill shaped masks (26, 

35). 

 In an animal model study, when protected by two layers 100% combed cotton, all mice were 100% 

protected from becoming contaminated by the bacteria contained in the microdroplets (10). 
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Filter holder studies (n=20): 

Under experimental conditions (i.e. measurements taken while fabric was sealed to a holder) the filtration 

efficiencies were higher compared to the studies cited above where masks were tested while on a wearer (36-

42). Thus, these experimental simulations overestimate the efficacy of household fabrics in protecting 

potential wearers from SARS-CoV-2 because they do not directly assess breathability or fit, but they do help 

to understand the relative filtration efficiency of one fabric compared to another. 

 Increasing the number of layers increases the filtration efficiency, but increases air resistance (and 

therefore lowers breathability). Non-medical masks should have an air resistance <40 Pa/cm2) (41-49). 

All samples tested with <four layers had breathability values below the maximum NIOSH 

recommendations set for medical masks (50). Samples fabricated with three or more layers were able 

to reach filtration efficiencies >90% (23, 37, 40, 42-44, 50, 51). 

 Simulated leaks in the fabric (to indirectly measure the effect of fit) have been shown to strongly 

impact filtration efficiency (44, 52). Thus, fit is very important for adequate protection. 

 Non-medical masks did not perform as well as medical masks. However, the addition of an activated 

carbon filter as a middle layer in a cotton mask significantly improved the filtration efficiency (46, 53). 

One study found that treating household materials with a NaCl solution may be useful in increasing 

the filtration ability of non-medical masks (54). 

 Huge filtration efficiency differences were found between house-hold materials and for different 

particle sizes, ranging from <10% to >95%. Filtration efficiencies were higher for slower-moving 

particles produced during talking vs. faster moving particles produced during coughing or sneezing 

(46). 

 Quality of fabric (i.e. tight weave, low porosity) was just as important as the number of layers (43, 44, 

46). 

 Some fabrics have electrostatic charges that attract and bind nanometer-sized particles, resulting in 

increased filtration efficiency (44, 52, 55). Combining layers and leveraging mechanical and 

electrostatic filtering may be effective in maximizing filtration efficiency in a non-medical mask (44, 

52). Layered materials, including a hydrophobic outer layer (e.g., polyester, spunbound polypropylene, 

or polyaramid), an inner layer of high quality cotton fabric and a middle layer of non-woven or 

electrostatically charged materials (e.g., natural silk, chiffon or polyester) would be an ideal 

combination to maximize both the transmission-reducing potential and protection capacity of non-

medical masks.  

 While vacuum cleaner bags have been shown to have filtration efficiencies comparable to medical 

masks (4, 5, 40, 42, 46, 50), they are not certified clinical products and may contain unhealthy 

ingredients and harmful fibers. It is not recommended to use the material for homemade masks (5).  
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Table 2: Studies that assess the protective characteristics of non-medical masks (n=37) 

STUDY* 

 

METHOD KEY OUTCOMES 

Experiments conducted with a human volunteer(s), manikins, or animal models (n=17) 

Park 2020 (31) 

 

Quasi-experiment 

 

USA 

 

Aug 2020 

In this mask development study, 

10 different samples of various 

material configurations were 

evaluated for air permeability, 

particle size filtration efficiency 

and pressure drop, to arrive at a 

mask design with optimal comfort 

and barrier efficacy. One human 

subject wore the test mask for 

extended periods of time 

simulating a typical workday and 

assessed its performance. Air 

permeability was assessed with 

method ASTM D737-96, and 

filtration and pressure drop were 

assessed with ASTM F2299-03 with 

particle sizes 0.2-1µm and air flow 

of 8.7cm/s. 

- Medical masks had the highest filtration 

efficiency while handkerchief fabric was 

found to perform the worst (highest air 

permeability and a filtration efficiency of only 

19% even with 4 layers). 

- The barrier configuration deemed optimal 

was ‘Filter 2 (Pile Up)’ between two 100% 

polyester barrier layers. This mask performed 

better for filtration and permeability than the 

commercial double-layer knitted mask 

evaluated.  

- Filtration efficiency was better for larger 

challenge particles than smaller particles.  

O’Kelly 2020 (24) 

Preprint 

 

Quasi-experiment 

 

USA 

 

Aug 2020 

Seven human volunteers were 

used to quantitatively evaluate the 

level of fit offered by various types 

of masks (N95 masks, a KN95 

mask, a surgical mask and fabric 

masks), and most importantly, 

assess the accuracy of 

implementing fit checks by 

comparing fit check results to 

quantitative fit testing results.  

Quantitative fit testing 

simultaneously assesses the 

number of particles inside and 

outside a mask Fit factor scores 

were derived from the number of 

particles filtered by the mask.  

- N95 masks offered the highest degree of 

protection. Averaged fit scores across 

different models ranged from 13.2-72.3. 

- Poorly fit N95 masks offered a range of 

protection, in some cases comparable with 

surgical and cloth masks. 

- The KN95 and surgical mask showed an 

average fit score of 3.2 and 2.2., respectively.  

- The fabric face masks tested produced similar 

fit scores to KN95 masks and surgical masks.  

- Improved design coupled with the use of 

better materials would likely raise the 

effectiveness of these masks. 

 

https://www.tandfonline.com/doi/full/10.1080/00405000.2020.1805971
https://www.medrxiv.org/content/10.1101/2020.08.17.20176735v1.full.pdf
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Each participant completed one 

quantitative fit test and one 

subjective fit-check per mask. 

Mueller 2020 (26) 

 

Quasi-experiment 

 

USA 

 

May 2020 

Quantified the efficacy of 

community- and commercially-

produced fabric masks as personal 

protective equipment with the use 

of two particle counter that 

concurrently sampled ambient air 

and air inside different types of 

masks worn by a single volunteer.  

Mask performance was then 

evaluated by mean particle (size < 

0.3µm) removal efficiency and 

statistical variability when worn as 

designed and with a nylon over 

layer, to independently assess fit 

and material. 

- The properly fitted N95 mask had the 

greatest mean removal efficiency (99%) and a 

high fit factor. 

- When a poor fitting N95 mask was used, the 

removal efficiency and fit factor decreased to 

90.6% and 10.6, respectively. 

- Standard surgical masks and 4 layer masks 

with a charcoal layer had a mean removal 

efficiency of 50-75%. 

- Cloth mask particle removal efficiencies 

ranged from <30% to 90%. The best 

performing cloth masks were cone shaped 

and included a layer of melt blown filter 

fabric between fabric cover layers. 

- Surgical-style cloth masks did not perform as 

well as cone shaped masks, but were 

enhanced by a nylon over layer.  

- A nylon over layer did not provide significant 

filtration efficiency, but improved the 

snugness of the fit of the mask underneath. 

Ueki 2020 (2) 

 

Quasi experiment 

 

Japan 

 

Oct 2020 

This study describes an airborne 

transmission simulator of 

infectious SARS-CoV-2-containing 

droplets/aerosols produced by 

human respiration and coughs. It is 

used to assess the transmissibility 

of the infectious droplets/aerosols 

and the ability of various types of 

face masks to block the 

transmission. 

A test chamber utilized 2 manikin 

heads placed facing each other 

connected to a customized 

compressor nebulizer. 

- The N95 mask had the highest protective 

efficacy (reduced exposure to infectious 

particles by 80-90%).  

- Surgical masks and N95 masks were not able 

to completely block the transmission of virus 

droplets/aerosols even when completely 

sealed. The viral load passing through a fitted 

N95 mask when worn by the spreader was 

0.3 log10 copies and when worn by the 

receiver was 10 log10 copies. 

- A cotton mask led to a 20-40% reduction in 

virus uptake compared to no mask.  

- Cotton and surgical masks performed much 

better at blocking virus dispersion by the 

https://www.sciencedirect.com/science/article/pii/S2590238520303647?via%3Dihub
https://msphere.asm.org/content/5/5/e00637-20
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wearer (>50%) (i.e. as a form of source 

control) than protection.  

- There was a synergistic effect when both the 

virus receiver and virus spreader wore masks 

(cotton masks or surgical masks). For 

example, when the receiver wore a cotton 

mask the viral load passing through the mask 

was 63 log10 copies, when the spreader wore 

a mask the viral load passing through was 42 

log10 copies and when both the receiver and 

spreader wore a mask the viral load was the 

lowest at 33 log10 copies. See graphs in 

paper. 

Teesing 2020 (35) 

 

Quasi experiment 

 

Netherlands 

 

Oct 2020 

A closed particle chamber was 

built to test potential filter 

materials found to be 

recommended by governments for 

homemade masks. Materials were 

tested alone, as well as between 2 

layers of cotton, simulating a 

homemade mask. Various mask 

designs were tested: folded, 

pleated, round, flat and duckbill 

shapes. 

Mask fit was tested with an 

AccuFIT 9000 Respirator Fit Test 

apparatus and a human volunteer.  

A pressure test was conducted to 

quantify breathability of designs 

and materials for those passing the 

fit test. 

- Particle testing of materials was compared to 

N95/FFP2/KN95 masks; and the best 

performing material was ePM₁ 85%, while 

from readily available materials top 

performance came from leather, followed by 

a folded coffee filter between cotton layers, a 

folded paper towel between cotton and 

microfiber fabric. 

- None of the cotton masks with an inserted 

filter passed the fit test conducted. The 

duckbill model was found to have a 

satisfactory fit. 

- The duckbill design pressure drop was tested 

and the single and folded tea towel showed 

comparable breathability to the 3M reference 

mask. 

Mboowa 2020  (41) 

Preprint 

 

Quasi experiment 

 

Uganda 

Eight commercially available masks 

were tested for filtration efficiency 

breathability, microbial cleanliness, 

and re-usability.  

Mycobacterium smegmatis was 

aerosolized by a hand-held sprayer 

and directed at sections of filter-

- The filterability was best in surgical face 

masks > local double-layered face mask > 

double-layered cloth masks.  

- Treatment with 70% ethanol decreased 

fitness and re-usability.  

- Double-layered masks had the best fit as 

evidenced by the saccharine taste test. It took 

https://www.sciencedirect.com/science/article/pii/S0195670120303558?via%3Dihub
https://www.medrxiv.org/content/10.1101/2020.09.28.20202952v1
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Sep 2020 

holder mounted face masks. The 

filtered air was inoculated on agar 

media.  

Volunteers wearing face masks 

were challenged with saccharine 

(taste test) to evaluate mask fit. 

Tests were repeated after washing 

or 70% ethanol treatment to 

assess re-usability.  

Masks tested included: 

polypropylene, “thick” material, 

kitengi (inside)/cotton (outside), 

cloth, surgical and face scrub cloth.  

more sprays for the volunteer to taste the 

saccharine when wearing double-layered 

mask than a single-layered masks. 

- Caution should be used in interpreting these 

results, the methodology is unclear. 

Rodriguez-Palacios 

2020 (10) 

 

Quasi experiment 

 

USA 

 

Aug 2020 

This study reported an in vivo 

experiment with bacteria-carrying 

microdroplets (probiotic-cultured 

dairy product bacteria) to 

determine to what extent double-

layered 100% combed cotton 

(common T-shirt material) 

prevented contamination of germ-

free mice using a spray simulation 

method. Two different fabric 

densities were tested: 120 and 200 

g/m2. 

(Table 1 reports on the source 

control experiment) 

- When protected by 2 layers 100% combed 

cotton, all mice were 100% protected from 

becoming contaminated by the bacteria 

contained in the microdroplets (2mL spray).  

- When exposed to 10x the spray volume 

(20mL) textile barriers still protected all mice 

(even with low textile density; heavy vs. light 

fabric, paired t-test, p = 0.002) against high 

droplet doses. 

- The same experiments on partly covered 

cages resulted in microbial contamination of 

all mice.  

Pan 2020 (4) 

Preprint 

 

Simulation 

experiment 

 

USA 

 

Nov 2020 

Evaluated the filtration efficacy of 

11 face masks in a manikin model 

for inward and outward protection 

across a broad range of aerosols 

0.04-135 µm. Challenge particles 

were generated from a 2% NaCl 

solution. 

Two manikins mounted on 

opposite sides of a 57-L acrylic 

chamber were used. The “exhaling” 

manikin was connected to a 

- Filtration efficiency increased with increasing 

particle size and  prevented droplets larger 

than 20μm from spreading 33cm away  

Particles 2μm had >90% efficiency using the 

vacuum bag, microfiber cloth, surgical mask 

and MERV 12 filter 

- The vacuum bag and microfiber had the 

highest filtration efficiencies, with a range of 

60-90%, surgical masks ~50-75%, coffee filter 

10-75% over particle sizes (0.04-1 µm). 

https://www.frontiersin.org/articles/10.3389/fmed.2020.00504/full
https://www.frontiersin.org/articles/10.3389/fmed.2020.00504/full
https://www.medrxiv.org/content/10.1101/2020.11.18.20233353v1
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nebulizer and the “inhaling” 

manikin was connected to a 

vacuum. A mask was worn by the 

inhaling manikin and then the 

exhaling manikin, to measure the 

number of particles that passed 

through the mask, respectively.  

Face masks: Vacuum bag, surgical 

mask, MERV 12 filter, Bandana, 

200-thread count cotton 

pillowcase, cotton t-shirt, 

microfiber cloth, coffee filter, thin 

cotton, thin acrylic and a plastic 

face shield.  

- The thin cotton mask and bandana (2-ply), 

had low efficiencies (30-50%), with even 

lower efficiencies (5-40%) for submicron 

particles.  

- Inward protection efficiency and outward 

protection efficiency were similar for most of 

the masks. 

- Loose fitting masks (e.g., the bandana) did 

not perform as well for source control. 

- The thin acrylic mask performed the worst.  

- The combined effects of reduced gaps and 

reduced air velocity resulted in a high 

outward protection efficiency for the CDC 

non-sewn mask made from a 200-thread 

count cotton pillowcase. 

Kähler 2020 (5) 

 

Simulation 

experiment 

 

Germany 

 

Oct 2020 

Quantitative particle image 

velocimetry measurements helped 

determine the spread of exhaled 

air, the velocity of the exhaled 

droplets and the turbulence 

properties of the flow. A single 

human volunteer was used to 

observe the flow field generated 

by coughing with and without a 

surgical mask using smoke to 

demonstrate the effect of the gap 

around the mask edge (surgical 

and FFP2 masks). 

The filtering performance of the 

different materials on small 

aerosols (0.3–2μm) was observed 

with a digital camera in front of 

and behind the filter material. 

 

- A surgical mask limited the spread of air and 

aerosol when speaking or coughing. 

- Mouth-and-nose covers and surgical masks 

did not fit tightly enough on the face to 

protect against droplet infection, as 

demonstrated by photographic evidence of 

droplets passing unhindered through the 

mask. 

- Masks made from toilet paper with 4 layers, 

paper towel, coffee filters, fleece and 

microfiber cloth had low filtration.  

- Vacuum cleaner bags with fine dust filters 

demonstrated comparable filtering effect to 

FFP2/N95/KN95 masks, but are not suitable 

for use. 

Hill 2020 (30) 

 

Masks are tested to compare 

efficiency of a material itself 

(baseline) with the filtration 

- Baseline filtration found a single layer of 500 

thread count cotton to have the lowest 

filtration efficiency (26.2% and 17.4% for 60 

https://doi.org/10.1016/j.jaerosci.2020.105617
https://pubs.acs.org/doi/10.1021/acs.nanolett.0c03182
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Simulation 

experiment 

 

USA 

 

Sep 2020 

efficiency observed for a mask 

being worn. 

Silicon dioxide nanoaerosol was 

created with media diameter of 

40nm and added to a stainless 

steel enclosure. 

Baseline filtration efficiency was 

tested with material clamped (no 

tension) and an airflow of 0.0465 

LPM/cm2.  

Masks were fitted to a manikin 

with intake flow fitted to the nose. 

Particles of 60 and 125nm were 

sampled at 1 per second for 180 

seconds. 

and 125nm droplets, respectively). Dust 

mask, coffee filter, 2 layer cotton and shop 

towel performed slightly better. 

- Particulate respirators (KN95, 3M 8511 and 

FTF467 ULPA) had filtration efficiencies above 

98%. 

- Significant drop in filtration efficiency seen 

for all materials when tested as a worn mask, 

compared to material baseline. The addition 

of a filter layer between a 2 layer cotton mask 

did not significantly improve filtration due to 

leakage around the mask. 

- The filtration efficiency of a poorly fitted or 

loose mask can drop by more than 60% 

compared to the filtration efficiency of the 

material. 

Realmuto 2020 (32) 

 

Simulation 

experiment 

 

USA 

 

Sep 2020 

Mask fabrication that requires no 

sewing by folding a square piece 

of cloth into a duck-billed style 

mask is presented and tested 

using various materials and 

compared to commercially 

available N95 and surgical masks.  

A manikin fit test simulator was 

used for filtration, breathability 

and leakage testing. The manikin 

head with a breathing tube 

simulator was placed in a chamber 

with a mixing fan and set testing 

valves, while salt concentration 

particles of 50-700 nm were 

introduced to the chamber. 

Materials tested: Non-woven 

polypropylene (NWPP), “Filti” mask 

material (Polypropylene/ 

Nanofiber/ Polyester composite 

filter media), MERV filters, muslin 

cotton, reusable wipes, oil towel.  

- Filtration efficiencies for masks tested, from 

best to worst: N95 > surgical > 3 layer 

polypropylene/filti/polypropylene mask > 

three layer polypropylene/MERV13 or 

8/polypropylene> inner ply Halyad H600, 1 

ply Filti. 

- Double-layered masks had higher filtration 

efficiencies than single-layered. 

- Experiments showed mask leakage greatly 

reduces mask efficiency. 

- Ear loops did not prevent leakage as well as 

head straps because gaps between the mask 

and skin could be reduced more easily with 

head straps. 

https://www.medrxiv.org/content/10.1101/2020.09.29.20204115v1
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Parlin 2020 (34) 

 

Simulation 

experiment 

 

USA 

 

Sep 2020 

Various materials (cotton, 

polyester, silk, paper towel) were 

compared to surgical masks under 

laboratory conditions for their 

hydrophobicity and breathability 

before and after cleaning. 

Laboratory-based tests were done 

as face coverings on manikins.   

 

- Silk is a hydrophobic material that impedes 

droplets and performed well to impede 

droplet absorption similar to a single use 

surgical mask and maintained its 

breathability better than hydrophilic 

materials such as cotton. Silk performed well 

after cleaning.  

- When challenged with aerosolized droplets in 

spray tests, silk, cotton and polyester did not 

differ in their ability to prevent aerosol 

droplet penetration when the fabric barriers 

had 1 or 2 layers.  

Bhimaraju 2020 (28) 

Preprint 

 

Simulation 

experiment 

 

USA 

 

Aug 2020 

The filtration efficacy of particulate 

matter below 2.5µm was assessed 

with an inhalation system and 

manikin. Masks tested included: 

N95 respirators, surgical masks, 

cloth masks, cloth masks with 

activated carbon air filters, cloth 

masks with HVAC air filters, lightly 

starch-enhanced cloth masks and 

heavily-starched cloth masks. 

- Activated carbon masks and HVAC air filter 

masks were nearly as effective as N95 

respirators, followed by surgical 

masks>heavy starch cloth masks>light starch 

cloth masks. 

- Regular cloth masks provided very little 

filtration for particles <2.5um compared to 

the other masks.  

Shahane-Kapse 2020 

(29) 

Preprint 

 

Simulation 

experiment 

 

India 

 

Aug 2020 

This study described a mask made 

from 2 layers of cotton with a layer 

of polypropylene coated with 

polyurethane applied to the 

outside layer in the middle half of 

the mask so it is in front of the 

mouth and nose, N95 respirator, 

triple-layer surgical masks and a 

single-layer cotton mask and a 

face shield.  

The amount and degree of droplet 

and aerosol to each mask was 

evaluated when worn by a manikin 

with no gas exchange (i.e. 

breathing). Fluorescent dyes were 

- The fluorescent dye did not penetrate to the 

inner layer of the triple-layered surgical 

masks or N95.  

- The triple-layered mask made from 2 layers 

of cotton with a polypropylene outer layer 

blocked the fluorescent dye where the 

impermeable cloth was, however on the 

lateral sides of the polypropylene, few spots 

were visible on the outer cotton layer, but 

they did not penetrate through to the inner 

cotton layer. 

- The fluorescent dye penetrated through the 

single layer cotton mask to the manikin.  

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0239531
https://www.medrxiv.org/content/10.1101/2020.08.01.20166637v1
https://www.medrxiv.org/content/10.1101/2020.07.30.20165563v1
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sprayed from a distance of 1 and 

2m at 180km/hr.  

Dhanraj 2020 (33) 

Preprint 

 

Simulation 

experiment 

 

USA 

 

Jul 2020 

The objective of this study was to 

report the characterization results 

for Swiffer as an alternate filter 

media material and evaluate the 

size-dependent filtration efficiency. 

Two systems were used: one as 47 

mm punches in a filter holder 

assembly systems, and second in a 

chamber-based system where the 

home-made mask (Bandana type) 

with Swiffer material layered 

between pillowcase fabrics was 

placed on a manikin. 

- The Swiffer material was very efficient in 

filtering ultra-fine particles (<0.08µm).  

- The highest filtration efficiencies were seen 

when two layers of Swiffer material were 

stacked in between two layers of pillowcase 

fabric. The efficiency ranged from 45–62% for 

particle sizes between 0.1–0.5µm from 30-

45% with a single Swiffer. 

 

Joshi 2020 (25) 

Preprint 

 

Simulation 

experiment 

 

India 

 

Jun 2020 

Mask efficiency and pressure drop 

was measured by mounting the 

face mask to a glass pipe and 

measuring the particles upstream 

and downstream across the test 

sample. The testing parameters 

include the particle capture 

efficiency of the mask material, 

pressure drop and the fit factor 

(leakage). Experiments were 

conducted with atomized NaCl test 

aerosols, on 3 types of face masks: 

commercial N-95, surgical mask 

and cloth mask (no info on specific 

material).  

- The average filtration efficiencies for 0.3µm 

particles for the N-95 respirator, surgical 

mask, and cloth mask were 96.19%, 40.08% 

and 14.22%, respectively.  

- Filtration efficiency for particle sizes small 

than 0.3µm were did not change for N95 and 

cloth masks, surgical masks may have better 

filtration efficiency.  

- Tighter mask fits had higher filtration 

efficiencies:  N95, surgical mask and cloth 

mask were 95.60%, 41.65% and 13.79%, 

respectively; compared to 95.08%, 19.94% 

and 11.67% when fit was not as tight, 

respectively. 

Sheets 2020 (27) 

Preprint 

 

Simulation 

experiment 

 

USA 

To quantify breathability, filtration 

efficiency and sensitivity to fit for a 

set of proposed filter and mask 

designs, a steady flow of 

aerosolized air was directed at a fit 

tester manikin and a clamp-style 

materials tester. Protection against 

water aerosols >0.3µm was 

- N95 masks had the highest filtration 

efficiencies (>95%). 

- A woven bandana provided little protection 

(<15%) but had high breathability.   

- The surgical mask has twice as good 

filterability as a bandana with similar 

breathability. 

https://www.medrxiv.org/content/10.1101/2020.07.13.20151985v1
https://www.researchsquare.com/article/rs-32527/v1
https://arxiv.org/abs/2006.02470
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Jun 2020 

measured using off-the-shelf 

particulate, flow and pressure 

sensors, permitting rapid 

comparative evaluation of these 3 

properties.  

- Sterilization wrap (a non-woven material 

used by healthcare professionals for 

packaging surgical instruments) has a higher 

filtration efficiency compared to a surgical 

mask but is less breathable.  

- Filtration of aerosols through the KN95 mask 

fitted as received and properly fitted 

demonstrated that a proper fit decreased the 

number of aerosols that passed through the 

mask from >50% to <20% when fitted 

properly.  

Filter holder studies to assess protective characteristics of mask materials (n=20) 

Bayersdorfer 2020  

(48) 

 

Simulation 

experiment 

 

USA 

 

Dec 2020 

Eight mask prototypes were 

developed and laboratory tested; 4 

for bacterial filtration efficiency 

(BFE) and pressure drop; and the 

other 4 for particle filtration 

efficiency (PFE). 

 

- BFE results of 83.0% to 97.7% in one ply 

masks and 96.3% to 98.1% in two ply masks. 

- PFE results ranged from 92.3% to 97.7% for 1 

and 2 ply masks. 

Li 2020  (36) 

 

Simulation 

experiment 

 

China  

 

Nov 2020 

In this study, filtration efficiency of 

(a 3-layered mask made from 2 

pieces of kitchen towels and a 

piece of 4-ply tissue paper 

compared to medical masks were 

tested under laminar flow within a 

scaled air duct system using 

nebulised NaCl aerosols sized 6–

220nm. 

- The filtration efficiency of the home-made 

masks was similar to that of medical masks at 

6–200nm (84.54% vs 86.94%, P = 0.102).  

Maher 2020 (47) 

 

Simulation 

experiment 

 

USA 

Filtration efficacy of 14 common 

materials was tested by measuring 

the concentration of aerosol 

droplets, the pressure difference 

across each material and the air-

flow characteristics. 

- Aerosol concentration results indicated the 

materials broke large particles into multiple 

smaller particles. 

- Multiple layers of fabrics increased the 

filtering efficiency 4-15%, compared to a 

single layer of the same fabric; but this 

decreased breathability with a 3-4x increase 

https://www.sciencedirect.com/science/article/pii/S0196655320307045?via%3Dihub
https://doi.org/10.1016/j.puhe.2020.08.018
https://www.sciencedirect.com/science/article/pii/S1201971220306214?via%3Dihub
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Oct 2020 

 in pressure difference and three layer masks 

were 2-2.5x higher pressure difference 

compared to two-layers. 

- All tested multi-layer materials had a 

filtration efficiency > 95% for aerosols 1µm 

to 4.7µm. 

Wang 2020 (51) 

 

Simulation 

experiment 

 

China 

 

Oct 2020 

Referring to the national standard 

for the “Surgical Mask” of China, 

17 materials were tested for 

pressure difference, particle 

filtration efficiency, bacterial 

filtration efficiency and resistance 

to surface wetting. 

Material tested included: T-shirt, 

fleece sweater, outdoor jacket, 

down jacket, sun-protective 

clothing, jeans, hairy tea towel, 

granular tea towel, non-woven 

shopping bag, vacuum cleaner 

bag, diaper, sanitary pad, 

pillowcases, medical non-woven 

fabric, medical gauze. 

- Eleven single-layer materials met the 

standard of pressure difference (≤49 Pa), of 

which 3 met the standard of resistance to 

surface wetting (≥3), 1 met the standard of 

particle filtration efficiency (≥30%), but none 

met the standard of bacterial filtration 

efficiency (≥95%). 

- Three double-layer materials including 

double-layer medical non-woven fabric, 

medical non-woven fabric plus non-woven 

shopping bag, and medical non-woven fabric 

plus granular tea towel were close to the 

standard of the bacterial filtration efficiency. 

Long 2020 (50) 

 

Simulation 

experiment 

 

USA 

 

Oct 2020 

This study describes the 

conversion of standard equipment 

used to fit-test respirators in 

hospital and industrial settings 

into a setup that measures 

quantitative filtration efficiencies 

of materials based on NIOSH N95 

guidelines, and subsequently 

measure filtration efficiencies of 

materials found in healthcare and 

consumer spaces. 

- Filtration efficiencies for single-layered 

materials ranged between 35 and 53%. Two 

materials (coffee filter and cotton cloth) had 

the lowest filtration efficiencies while the 

vacuum bag, which is not safe for use, had 

the highest with a filtration efficiency of 82%. 

- Filtration efficiencies up to 90.37% were 

reported for multi-layered combinations of 

materials.  

- All materials had Δp values below the 

maximum NIOSH-allowed resistance for 

respirators (35mmH2O). 

Whiley 2020 (40) 

 

This study used a standard mask 

testing method (ASTM F2101-14) 

and bacteriophage MS2 to test the 

viral filtration efficiency (VFE) of 

- All the fabric masks had a VFE of at least 50% 

for 6.0 µm aerosols. This improved to 63% 

against 2.6µm aerosols.  

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0240285
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7553287/
https://www.mdpi.com/2076-0817/9/9/762
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Simulation 

experiment 

 

Australia 

 

Sep 2020 

fabric masks (purchased form on 

online retail website) compared 

with commercially available 

disposable, surgical, and N95 

masks. The masks were challenged 

with 2 differenent sized aerosols 

(6µm and 2.6µm)  

The conduct and measurements in 

this study are not standardized.  

Caution should be used in 

interpreting these results.  

- The N95 and surgical masks had >99% 

filtration efficiency.  

- A cotton mask with a filter added and a 

reusable shopping bag/cotton mask 

performed just as well as the medical masks 

(~99% VFE). 

- A triple-layered hemp/poly-

membrane/cheesecloth mask also performed 

well (>89% VFE). 

Maurer 2020  (43) 

 

Simulation 

experiment 

 

Germany 

 

Sep 2020 

In this study, community masks of 

major manufacturers were tested. 

The filtration efficiency was 

determined using radioactive 

aerosol particles. Air resistance (i.e. 

breathability) was measured using 

a pneumotachograph.  

- Filtration efficiencies (%) for investigated 

materials from best to worst were as follows:  

- Triple-layered masks: Medical membrane 

according to EN > Outside layer of knitted 

polypropylene/polyamid, midlayer of 

microfilament fleece, and inside layer of 

polyester/polyamid > 100% cotton 

- Double-layered masks: 100% bio-cotton > 

cotton/polyester > 100% cotton > 

polyamide/elastan > polyester and fleece 

polypropylene 

- Single layer masks: Texlyte Nano > 

polyester/carbon > 100% cotton > 

multifilament yarn > 100% polyester 

- None of the community face masks met the 

requirements for medical face mask 

European standards (filtration efficacy >99% 

and air resistance <40 Pa/cm2). 

- Triple-layered masks showed the highest 

filtration efficiencies but (lower breathability.  

- When it comes to filtration efficacy, the 

quality of the fabric seems to be more 

important than the number of layers (1 vs. 2). 

Pei, 2020 (55) 

 

This study evaluated commercial 

respirators and masks, and 

common household materials for 

- Electret masks (filter with electrostatic 

charges) filtration efficiencies were 70–85%, 

with efficiencies increasing with particle size. 

https://www.liebertpub.com/doi/10.1089/jamp.2020.1635?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://aaqr.org/articles/aaqr-20-07-covid-0423
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Simulation 

experiment 

 

USA 

 

Sep 2020 

filtration efficiency and breathing 

resistance (pressure drop). All 

samples were cut to fit the filter 

holder. They measured the 

fractional efficiency with 

monodisperse NaCl particles (0.03-

1µm). 

- The N95 and KN95 mask had efficiencies 

above 90%.  

- The non-electret media masks filtration 

efficiencies were significantly lower than that 

of the electret media mask (as low as 20% for 

particles 0.3–0.4µm, but increased to 40% for 

1 µm.  

- All respirators and masks tested had 

acceptable breathing resistance. 

- Vacuum filters had better filtration 

efficiencies than even the N95 respirator, but 

10x the breathing resistance and thus, 

impractical as a mask material.  

- Of the common household materials, 2-layer 

Thinsulate, 5-layer bed sheets, T-shirts, and 

Swiffer Sweeper had approximately 50% 

efficiency for particles around 0.3µm. Their 

efficiency could be further improved by 

adding more layers. Breathing resistance was 

high compared to a procedural mask.  

- Two-layers of coffee filter has the worst 

filtration efficiency and breathing resistance.  

Schilling 2020  (38) 

 

Simulation 

experiment 

 

USA 

 

Aug 2020 

This study examines both aerosol 

filtration and breathability of 47 

“non-regulation masks” by the use 

of a polydisperse aerosol and 

assess filtrations efficiencies of 6 

N95 respirators and a number of 

non-regulation masks. Filtration 

was assessed by particle sizes 

ranging (0.2–1μm) and a velocity 

of 10 cm/s and breathability by 

measuring the pressure drop (in 

mm H2O) across a 40mm disk of 

mask filter material.  

- The filtration efficiencies of the 6 N95 

respirators tested ranged from 98-99%.  

- Some “non-regulation” masks had filtration 

efficiencies similar to the N95 mask for 0.2μm 

and above, and others had poor filtration 

efficiencies (i.e. <80%).  

- All masks were below the NIOSH threshold of 

0.0247-mm H2O/(cm3/s) for breathability.  

Hao 2020 (46) 

 

To evaluate the filtration of non-

medical materials under different 

velocities. Breathability was 

- The filtration efficiencies from best to worst 

were: N95 and KN95 respirators > surgical 

mask > air filters > vacuum bag > activated 

https://www.nature.com/articles/s41370-020-0258-7#Sec11
https://www.sciencedirect.com/science/article/pii/S1438463920305289?via%3Dihub
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Simulation 

experiment 

 

USA 

 

Aug 2020 

 

 

measured via the flow resistance 

across the materials. Filtration 

efficiencies were compared against 

medical masks: N95, KN95 and 

surgical masks.  

To simulate different breathing 

conditions, nebulizer dispersed 

NaCl-water aerosols were directed 

into materials under face velocities 

of 23.2, 15.3, and 9.2 cm s−1. 

carbon filter > 1000 thread count pillowcase 

> Coffee filter > 600 thread count pillowcase 

> Four layers of scarf > 400 thread count 

pillowcase > bandana.  

- Fabrics with denser weaving patterns were 

able to provide a higher filtration efficiency 

Filtration efficiency was inversely related to 

breathability and increasing velocity of 

particles.  

Drewnick 2020  (52) 

 

Simulation 

experiment 

 

Germany 

 

Aug 2020 

To assess particle-size dependent 

filtration efficiencies for 44 

samples of household materials 

and several medical masks by 

using a nebulizer generated NaCl 

aerosol and counting the particles.   

- Huge filtration efficiency differences were 

found between materials and for different 

particle sizes, ranging from <10% to almost 

100%. 

- Household materials such as French terry, 

fleece, microfiber cloth, felt, muslin or velour 

showed high filtration efficiencies, while 

materials like poplin, surgical gown or silk 

showed lower filtration efficiencies. 

- Reasonable filtration efficiency can be 

achieved by layers but leaks of just 1-2% can 

strongly impact filtration efficiency.  

Carnino 2020 (54) 

 

Simulation 

experiment 

 

USA 

 

Aug 2020 

To enhance the filtration ability of 

kitchen paper towel, laboratory 

paper towel and the middle filter 

layer of a standard surgical mask 

pretreated with a salt-based 

solution (which was then dried). 

After treatment with fluorescent 

nanoparticles similar in size to the 

COVID-19 virus, particle 

penetration was measured via a 

microscope. 

- When untreated, household materials did a 

poor job at filtering out nanoparticles. 

- When household materials were presoaked in 

a NaCl (+/- TWEEN20) solution the 

penetration of nanoparticles was blocked 

after just 10 minutes of treatment.  

- Bacterial inhibition was also noted.  

 

Loupa 2020 (53) 

Preprint 

 

Eight commercially available masks 

were tested for filterability of 

aerosols diameters of 0.006μm to 

10μm. A velocity equal to human 

breathing rate was used. 

- Simple cloth masks (with 2 layers of cotton) 

had the lowest filtration efficiency.  

https://doi.org/10.1080/02786826.2020.1817846
https://www.sciencedirect.com/science/article/pii/S0196655320303187#!
https://www.medrxiv.org/content/10.1101/2020.07.16.20155119v1.full.pdf
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Simulation 

experiment 

 

Greece 

 

Jul 2020 

Five of the masks were triple-layer 

masks, 1 was a KN95 mask with a 

“one way valve”, and 2 were fabric 

masks. 

- The addition of activated carbon in a cotton 

mask significantly improved the filtration 

efficiency. 

- Apart from the KN95 mask, all other masks 

were permeable to aerosols in the range of 

0.25-0.5μm (<90% filtration efficiency).  

Lammers 2020 (49) 

 

Simulation 

experiment 

 

USA 

 

Jul 2020 

Surgical sterilization wrap was 

assessed by the TSI 8130 

automated filter testing, as 

required for the N95 respirator 

mask. Single and double layers of 

the wrap were tested and 

compared to the penetrance 

assessment of the N95. 

- Filtration efficacy of the wrap was 64.5% and 

78.3% for single and double-ply, respectively. 

This failed to meet the standard testing 

requirements for an N95 respirator. 

Varallyay 2020 (42) 

 

Simulation 

experiment 

 

USA 

 

Jul 2020 

In this study, common household 

fabrics were tested for filtration 

efficiency using a fit testing setup 

with a standard 40nm median 

diameter particle generator and 

airflow resistance with pressure 

gauge setup. Three different levels 

of layering (1, 2, and 4) were 

tested. 

 

- Polyester felt demonstrated the highest 

filtration efficiency (p<0.0001), higher than all 

tested 100% cotton materials as well as 

surgical masks (P<0.05).  

- Layering increased filtration efficiency and 

airflow resistance (p<0.0001 and p<0.01, 

respectively).  

- Filtration efficiencies of various woven and 

knitted materials were from best to worst 

were: microfiber cloth > tea towel > hospital 

scrubs > thick fleece > Buff headwear > T-

shirt > pillowcase > non-elastic woven fabric 

> scarf. 

- Filtration efficiencies of various non-woven 

materials from best to worst were: N95 

respirator > vacuum cleaner bag > surgical 

mask > felt > paper kitchen towel > surgical 

gown > paper facial tissue. 

- Washing plus drying did not alter filtration 

performance significantly. 

Zhao 2020 (39) To evaluate the filtration 

properties of natural and synthetic 

- The filtration efficiencies for various medical 

masks and non-medical materials from best 

https://www.sciencedirect.com/science/article/pii/S0196655320307069?via%3Dihub
https://www.cambridge.org/core/journals/disaster-medicine-and-public-health-preparedness/article/material-suitability-testing-for-nonmedical-grade-community-face-masks-to-decrease-viral-transmission-during-a-pandemic/458DAC84E4BC3A9135A44A20BD6591C9
https://pubs.acs.org/doi/10.1021/acs.nanolett.0c02211
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Simulation 

experiment 

 

USA 

 

Jun 2020 

materials using an Automated 

Filter Tester with a flow rate of 32 

L/min (similar to human 

breathing). The filtration efficiency 

is the percentage of NaCl particles 

filtered by the material and the 

pressure drop is the air resistance 

across the filter material. The 

higher the pressure drop the less 

breathable the material. Authors 

note that their results differ from 

recent work and this may arise 

from differences in 

instrumentation, testing method 

and source of material. 

to worst were: N95 respirator > cotton 

sweater > exercise pants > T-shirt > tissue 

paper > polyester toddler wrap > paper 

towel > polypropylene interfacing material > 

pillow cover > napkin. 

- Some of the cotton materials had filtration 

efficiencies comparable to medical face 

masks (e.g., cotton sweater and T-shirt). 

- Paper products may be suitable to use as a 

disposable media in some homemade facial 

coverings, but their performance in high 

humidity environments remains to be 

examined. 

Zangmeister 2020 

(45) 

 

Simulation 

experiment 

 

USA 

 

Jun 2020 

To assess filtration efficiency, 

differential pressure (ΔP), quality 

factor, and construction 

parameters for 32 cloth materials 

including multilayered and mixed-

material samples of natural, 

synthetic or natural-synthetic 

blends. Materials were 

microimaged and tested against 

size selected NaCl aerosols with 

particle mobility diameters 

between 50 and 825nm. Particles 

were charge neutralized. 

- Woven 100% cotton with high to moderate 

yarn counts, and 2 woven synthetic fabrics of 

moderate yarn count performed the best.  

- The filtration efficiency of 2 layers of a high 

performing cloth (32%) was lower than high-

density medical-grade wraps (86%), and the 

N95 mask (>99.9%), and the HEPA vacuum 

bag (94%).  

- The fabric with the lowest filtration efficiency 

was polyester (lightweight chiffon), followed 

by cotton (muslin), polyester (knit), rayon and 

65% polyester/35% cotton blend. 

- Filtration efficiency and ΔP increased with the 

number of cloth layers; 4 layers exceeded the 

recommended ΔP (breathability).  

Amendola 2020 (23) 

 

Simulation 

experiment 

 

Italy 

 

The experiment simulated 

respiratory action measuring the 

distribution of aqueous-based 

aerosol particles. The average 

filtration efficiency was reported 

taking into account the particles 

with diameters greater than 

0.28µm. The face masks were 

- The medical face mask demonstrated 

filtration efficiencies higher than 97%. 

- Only the face masks fabricated with three 

layers mainly constituted by non-woven 

fabric material were able to reach values 

higher than 95% including triple layer TNT, 

TNT-cotton-TNT mask. 

https://pubs.acs.org/doi/10.1021/acsnano.0c05025
https://www.sciencedirect.com/science/article/pii/S0026265X20311723?via%3Dihub
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May 2020 tested in both the inhalation and 

exhalation direction. 

TNT= A non-woven material made 

of fabric-based polypropylene and 

viscose 

Konda 2020 (44) 

 

Simulation 

experiment 

 

USA 

 

Apr 2020 

To assess filtration efficiencies of 

several common fabrics including 

cotton, silk, chiffon, flannel, various 

synthetics and their combinations 

as a function of polydispersed 

NaCl aerosol particulate sizes 

10nm-10μm. To simulate fit, holes 

were drilled in the connecting tube 

onto which the fabric was 

mounted resulting in openings of 

area ∼0.5−2% of the active sample 

area.  

- The ranges below represent the filtration 

efficiency for small particle sizes (<300nm) to 

larger particle size (>300nm). 

- A moderate thread count cotton fabric (80 

threads per inch) demonstrated inferior 

efficiency (5-55%) compared to a high thread 

count cotton fabric (65->90%).  

- A quilt, with a fibrous cotton batting, 

provided excellent filtration efficiency (80-

>90%). 

- In contrast to the cotton fabrics, the 3 fabrics 

expected to possess electrostatic charges, 

silk, chiffon, and flannel, performed better for 

smaller particles (<300nm) than larger 

particles (>300nm).  

- Increasing the number of layers increased 

filtration efficiency.  

- Three hybrid combinations were tested: 1 

layer 600 TPI cotton with 2 layers of silk, 2 

layers of chiffon, and 1 layer of flannel. All 

combinations performed well, with filtration 

efficiencies 80%->90%, comparable to that of 

N95 masks.  

- In tests where the effect of “leakage” was 

tested, the openings resulted in up to a 60% 

drop in filtration efficiency. 

Ma 2020 (37) 

 

Simulation 

experiment 

 

The efficacy of 3 types of masks 

was evaluated using the avian 

influenza virus to mock the 

coronavirus. A nebulizer was used 

to produce aerosols <5.0 um. 

- Compared with 1 layer of polyester cloth, the 

N95 mask blocked 99.98% of the virus, the 

surgical mask blocked 97.14%, and the 

homemade mask blocked 95.15%. 

 

https://pubs.acs.org/doi/10.1021/acsnano.0c03252
https://onlinelibrary.wiley.com/doi/epdf/10.1002/jmv.25805
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China 

 

Mar 2020 

The top parts of 60mL syringes 

were removed and then wrapped 

with the tested masks: 1 layer 

polyester cloth, a homemade mask 

made of 1 layer polyester cloth 

plus 4 layers of kitchen paper, a 

surgical mask and an N95 mask. A 

sponge was set inside the syringe 

behind the mask to collect the 

virus that passed through the 

masks.  

*Location or date of study was estimated based on author affiliations and / or publication date. 

 

Methods: 

A daily scan of the literature (published and pre-published) is conducted by the Knowledge Synthesis team in 

the Emerging Science Group, Public Health Agency of Canada. The scan has compiled COVID-19 literature 

since the beginning of the outbreak and is updated daily. Searches to retrieve relevant COVID-19 literature 

are conducted in Pubmed, Scopus, BioRxiv, MedRxiv, ArXiv, SSRN, Research Square and COVID-19 

information centers run by Lancet, BMJ, Elsevier, Nature and Wiley. The cumulative scan results are 

maintained in a Refworks database and an excel list that can be searched. Details on this search strategy are 

available upon request. From this database and excel list, article titles and summaries were systematically 

searched for the following key words: mask* OR (face AND cover*). Each potentially relevant primary research 

reference was analyzed to confirm its relevance and data was extracted into the review. Several reviews and 

synthesis research of variable quality were identified that covered mask composition to some degree, 

however most included pre-pandemic research only and thus were excluded from this summary as they were 

missing recent research. This review contains primary research published up until December 2, 2020. 

 

Prepared by: Kaitlin Young & Ainsley Otten. Emerging Science Group, PHAC. phac.evidence-

donnees.probantes.aspc@canada.ca 
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Appendix  

 

Figure 1. Duck-billed shaped mask design. Source: (32) 

 

Figure 2. Surgical-style shaped mask design. Source: (56) 
 


