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Despite numerous masking recommendations from public health agencies, including the World Health
Organization, editorials, and commentaries providing support for this notion, none had examined different
homemade masks or demonstrated that perhaps not all cloth masks are the same. This article aims to
provide evidence-based recommendations on cloth-mask materials, its design, and, importantly, its main-
tenance. Articles were obtained from PubMed and preprint servers up to June 10, 2020. Current evidence
suggests that filtration effectiveness can range from 3% to 95%. Multiple layer (hybrid) homemade masks
made from a combination of high density 100% cotton and materials with electrostatic charge would be
more effective than one made from a single material. Mask fit greatly affects filtration efficiency, and adding
an overhead knot or nylon overlay potentially provides the best fit for cloth masks. There is a paucity
of evidence for masks maintenance as most studies are in the laboratory setting; however, switching
every 4 hours as in medical masks and stored in dedicated containers while awaiting disinfection is
recommended. Outside of these recommendations to improve the effectiveness of cloth masks to reduce
infection transmission, there is a need for countries to set up independent testing labs for homemade
masks made based on locally available materials. This can use existing occupational health laboratories
usually used for accrediting masks and respirators.
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orldwide, face masking has become a

global phenomenon associated with the

coronavirus disease (COVID-19) pandemic.
This is even more important with countries removing
lockdowns. Masking itself has been a common sight
in many Asian countries who had faced the 2003 severe
acute respiratory syndrome coronavirus (SARS-CoV)
pandemic and several other recent epidemics even
before the COVID-19 pandemic."? During the pan-
demic, an online survey at the end of January 2020 in
Hubei, China, reported that up to 98% of respondents
were using masks outdoors.’

Recently, the World Health Organization and the US
Centers for Disease Control and Prevention (CDC)
have reversed their recommendation to advocate
for universal masking with the public recommended
to use homemade cloth masks and not medical
masks.*> The use of cloth masks to prevent infection
is nothing new. It had been used for decades in surgical
theaters before being replaced by the more effective
medical masks and are still in use in many low-resource
settings.® Prior to the current public masking recom-
mendation, the CDC had provided recommendation
for health professionals on the use of homemade masks

(scarfs, bandana) as a last resort in settings where face
masks are not available.” Even so, despite numerous
masking recommendations from public health agen-
cies, editorials and commentaries providing support
for this notion, none had examined the different home-
made masks or demonstrated that perhaps not all cloth

masks are the same.”8

This is important because the materials used, how they
are worn, and their maintenance play an important role
in determining whether they’ll be effective in reducing
risk of transmission or may potentially bring even harm
to the wearer. This article aims to examine current evi-
dence on cloth masks and, with theoretical rationales,
provide some recommendations on what might be an
effective cloth mask for the public.

METHODS

Articles for the narrative review were searched from
PubMed and preprint server (medRxiv) and last
updated on June 10, 2020. We also hand searched
references of previous reviews on masking and referen-
ces of the included studies.
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Search terms used include (masks OR face masks OR fabric
masks OR cloth masks OR homemade masks) AND (infection
OR SARS OR SARS-CoV-2 OR coronavirus OR influenza
OR COVID-19).

Studies of any type were included. We only included studies
that were published in full and in the English language.

Cloth-Mask Materials

While a recent study has shown that surgical masks are effec-
tive in preventing transmission of human coronaviruses found
in exhaled breath, there have been no head-to-head studies for
surgical versus cloth/homemade masks’ effectiveness against
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the causative virus of COVID-19 in the community.”
However, there have been laboratory experiments conducted
to assess particle filtering effectiveness of cloth masks based on
the percentage of particles penetrating the material (particle
penetration) and a few studies examining the effectiveness
of cloth masks against influenza and other coronaviruses.

A recent study by Ma et al. comparing the efficacy of N95
masks, medical masks, and homemade masks (made from
4 layers of kitchen paper and 1 layer cloth) against avian influ-
enza to mock the coronavirus reported that 99.98%, 97.14%,
and 95.15%, respectively, of the virus in aerosols made by a
nebulizer were blocked.!® Another study by van der Sande
similarly found that a homemade mask (made from tea cloth)
decreases viral exposure and infection risk. Even so, it provides
about half as much the protection (measured as an inverse of
particle leakage) as surgical masks, which the authors suggest is
due to its imperfect fit.!!

The pillowcase and 100% cotton T-shirt have also been
reported to be the most suitable material for an improvised face
mask based on a study of 10 materials by Davies et al.!” They
reported that, for influenza, homemade masks have one-third
the effectiveness of medical masks, although homemade masks
were able to significantly reduce the number of microorgan-
isms expelled compared to no protection.'?

However, a cluster randomized trial of cloth masks (2 layers
made of cotton) compared with medical masks among health
care workers conducted by Maclntyre et al. reported the
particle penetration of cloth masks and medical masks as
97% and 44%, respectively. The study also reported that there
was a significantly higher risk of influenza like illness (adjusted
RR =6.64, 95% CI: 1.45 to 28.65) and laboratory-confirmed
virus (adjusted RR =1.72, 95% CI: 1.01 to 2.94) in the cloth

mask group compared to medical mask group.

Not all cloth mask materials provide the same protection from
particle penetration, which may potentially be 1 explanation
to the differing findings. A laboratory test conducted among
44 different masks of 5 types — yellow sand, quarantine,
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medical, general masks, and handkerchiefs — showed great
variability in particle penetration characteristics. An interest-
ing finding with regard to general masks is the differing particle
penetration between those made from nonwoven and cotton.
Nonwoven masks resulted in significantly less particle penetra-
tion compared to cotton masks with mean particle penetration
of 53% versus 70%, respectively, based on particle penetration
measurements performed using the Korean Food and Drug
Administration (similar to European Union test protocol)
method. Furthermore, handkerchiefs made of cotton and gauze
even up to 4 layers thick reported a particle penetration of
87% and 97%, respectively.'?

Similarly, another laboratory test conducted by the US
National Institute for Occupational Safety and Health labora-
tory reported that cloth masks and other fabrics tested against
polydisperse and monodisperse NaCl aerosols (20-100 nm)
showed 40% to 90% particle penetration, with the best
material being a 100% cotton sweatshirt compared with a
mix of cotton and polyester or 100% polyester.!* The absence
of electrostatic charge in the fabric tested in the study may play
arole in its high particle penetration. Interestingly, these par-
ticle penetration levels were reported to be similar to some
commonly used US Food and Drug Administration approved
surgical masks and unapproved dust masks that have particle
penetration levels of 51% to 89% in similar testing. It must
also be noted that previous studies have shown that even
N95 masks, while able to filter 95% of particles greater than
3 nm in size, are marginally beneficial against particles
< 2.5 pm in diameter as tested against in this study.

This was supported by the result of Shakya et al.’s study, which
shows that the filtration effectiveness of cloth masks was better
for particles larger than 1 pm in diameter (64-94%) compared
with those smaller than 1 pm (44-93%)."° A feature they
report to perform better is cloth masks with exhalation valves
and conical in shape to fit the face, although it must be noted
that this study aims to evaluate the effectiveness in blocking
toxic fumes not biological particles.

A recent laboratory study also showed that higher density
cotton (600 threads per inch) prevents penetration of
particles < 300 nm by > 65% and penetration of particles >
300 nm in diameter by>90%.'° Interestingly, the quilt,
a common household item made of 90% cotton—5%
polyester—5% other fibers was found to perform even better
blocking penetration of > 80% for particles <300 nm and
>90% for > 300 nm. Combining high density cotton with
silk, 2 layers of chiffon (90% polyester, 10% spandex), and
1 layer of flannel (65% cotton, 35% polyester) also provided
a similar effectiveness. Although they were all slightly inferior
to N95 in filtering particles above 300 nm, they were superior
for particles < 300 nm. '

There are several key insights that can be gained from the
above studies on mask materials, including the following:
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Schematic

Schematics and Side View of Mask A (with overhead strap) and Mask B (with nylon overlay) Based on the Previous Findings.

Both the overhead strap and nylon overlap aim to improve fit. Straps are numbered hased on the order of tie.

Side View

1. Nonwoven materials and, in some cases, high density 100%
cotton seem to provide the best particle filtration capacity,
especially for larger-sized particles.

2. Materials with electrostatic charge (such as silk, polyester, and
other synthetic fibers) are superior to the above materials for
filtering smaller-sized particles (< 300 nm).

3. There’s limited evidence that simply adding the number of
layers from the same material may not provide a significant
increase in effectiveness.

Hence, it can be argued as 1 study has shown that a multiple
layer (hybrid) homemade mask made from a combination of
high density 100% cotton and materials with electrostatic
charge would be more effective than a mask made from a single
material. Prolonged use of masks is not always suitable for
everyone, breathability considerations also come into play
when preparing one’s own mask, and those with chronic lung
disease, such as chronic obstructive pulmonary disease, may
consider using a mask with fewer layers to improve breathabil-
ity and adherence to use in daily life. Furthermore, for the
studies against influenza, we must note that, while both
SARS-CoV-2 and influenza are respiratory viruses, they
belong to different families and hence have different transmis-
sibility, which will limit the generalizability of those findings to
the current pandemic. Even so, they provide some signal of
benefit in reducing penetration of viral particles.

Mask Design
Respirators, such as N95 and FFP masks, are protective not
only due to their particle filtering capabilities, but also due

to their fit, unlike surgical masks and cloth masks that do
not fit tightly. A recent study has showed that mask filtration
efficiency can fall by up to 60% when improperly fitted.'® With
this regard, design factors can play a role in improving fit
as shown in the study by Dato et al., which showed that a
fit factor of 67 (N95’s fit factor is 100) can be achieved with
cloth masks.!” Here, a cloth masks were made with 3 knot
points — 2 behind the head and 1 over the head with 8 inner
layers in the center piece.!” A recent study by Mueller et al.'®
also showed the potential to improve fit through the use of a
nylon stocking layer over the masks to cover all the edges. This
reduces the flow of air around the edges and was reported to
improve the particle filtration efficiency by 15% to 50%.
Find below the schematic for a mask design that we recom-
mend based on these studies (Figure 1).

Cloth masks during the pandemic have the main goal of source
control, reducing transmission of droplets containing viral
particles. Even so, these particles remain larger than the
ultrafine particles (< 100 nm in size) from air pollution or
toxic fumes.! Hence, it can be argued that a perfect fit is
not the main aim of cloth masks as that itself is not a feature
of medical masks. However, a better fit and less leakage will
provide greater potential to reduce aerosol penetration; sim-
ple adjustments to the design of homemade masks and add-
ing a nylon stocking layer can aid in this. This is especially
more important in light of recent evidence suggesting air-
borne transmission of SARS-CoV-2, especially in enclosed
spaces.'’ Importantly, the public must be made to under-
stand the importance of a mask covering until the bridge

ed4 Disaster Medicine and Public Health Preparedness

https://doi.org/10.1017/dmp.2020.317 Published online by Cambridge University Press

VOL. 14/NO. 5


https://doi.org/10.1017/dmp.2020.317

of one’s nose and chin, not having it hanging and only cover-
ing the mouth.

Mask Maintenance

There is a paucity of evidence with regard to mask mainte-
nance. Most studies reported previously are conducted in
the laboratory setting where their use is limited to 1 to 2 hours
and only once. The only community study conducted in
Vietnam® in health care workers compared the use of cloth
masks (1 per day) with another arm wearing medical masks
replaced every 4 hours. This study design may be 1 reason
to explain the differing results in this study and the short lab-
oratory experiments. A previous study has shown that a longer
duration of mask use (> 6 hours) resulted in a significantly
higher percentage of masks containing viral particles.’® In such
a scenario, the mask becomes a fomite and not prevent but may
transmit infection.

Reflecting on this, it is our view that one should have multiple
masks and that cloth masks should be worn and changed for
much shorter periods of time or at least the same with medical
mask guidelines, which is ideally a mask every 4 hours or until
damp. Considering that this will be used by the community, an
easy reminder to change masks is to have a mask change during
the mealtime when it must be taken off. This would help
promote adherence to this recommendation. As what we
are discussing here is about community use, not in health care
workers, people will not have the discipline to wear masks
properly for long periods of time. It can be argued that they
may not have to. There is rationale to recommend its wear only
in public, especially during commuting to an office where they
can have it removed as long as they are physically distanced
from others and have sufficient ventilation, preventing a
buildup of virus-laden droplets in the air.

One other critical aspect is what happens with the mask after
the user takes it off, say, after lunch, when they are ready for the
second mask for the day? A surgical mask would be thrown
away at this stage as they are recommended for use for only
4 hours. However, this cloth mask will not. Therefore,
together with a mask, people will need to have a container
where they would store the contaminated mask before they
can wash them. This is very practical, maybe too obvious,
but we suspect that many people will not worry about this
and put them into the pocket, handbag, keep it hanging on
their neck, and so on, carrying with them a reservoir of the
virus. Plastic containers or Ziploc bags, which are disposable
or easy to disinfect, would be possible options for storage.

Being reusable, cleaning the mask after use is another impor-
tant aspect that should not be taken for granted. How should
these masks be best cleaned? Alcohol, while an effective
disinfectant, has been shown in previous studies to reduce
effectiveness of masks. A study by Martin Jr and Moyer
et al. showed that cleaning respirators (N95, N99, R95,
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P100) by dipping them into isopropanol (alcohol rub) for
15 seconds and then dried resulted in a substantial increase
in penetration to up to 65%.>! This is a result of isopropanol
reducing or eliminating any electrostatic charge on the fibers,
which, discussed previously, has filtering properties.

While there have been no studies examining different cleaning
mechanisms and eradication of viral particles, the CDC rec-
ommends washing using hot water 70-80°C for 10 minutes
using detergent.”? Even so, other studies have shown that
temperatures above 50°C are significantly able to reduce
microorganisms even without the use of detergents.”’ These
temperatures are the rationale to follow in cleaning homemade
masks, based on reports during SARS-CoV that they are eradi-
cated at temperatures above 56°C for 15 minutes or when
exposed to humidity above 95%. Hence, exposure to hot water
for 15 minutes can also be a readily accessible way to clean the
masks.?4

Outside of washing, drying with the sun’s ultraviolet (UV)
exposure has been proposed as a way to disinfect. However,
while previous studies have shown that UV rays helped
inactivate SARS-CoV, it was only UVC that provided the
required germicidal properties, which is not present from
sun rays as they're filtered by the atmosphere.”

FUTURE IMPLICATIONS

Outside of these recommendations, to improve the effective-
ness of cloth masks to reduce infection transmission, there is
a need for countries to set up independent testing labs for
homemade masks made based on locally available materials.
This can use existing occupational health laboratories usually
used for accrediting medical masks and respirators.

The COVID-19 pandemic is a time to push for innovation in
the development of personal protective equipment for health
care workers and the community. While recommending that
universal masking is something to support, the use of masks,
which may previously appear mundane and low tech, requires
proper design, wear, and maintenance for it to be effective
enough to support reducing transmission during the pandemic.
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