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Recent mandates to wear masks in public places
across the USA combined with conflicting messaging
from the media and government agencies have gener-
ated a lot of patient questions surrounding the appro-
priate use and efficacy of cloth masks. Here, we have
organized the evidence in the context of real patient
questions and have provided example answers from a
physician’s perspective. The purpose of this review is to
offer healthcare providers with examples of how to re-
spond to patient questions about masks in a way that
encourages responsible decision-making. We conclude,
based on the evidence showing a benefit for cloth
masks and the recent reports supporting a role for
aerosols in the transmission of SARS-CoV-2, that cloth
masks will be effective when used correctly. We further
assert that stronger public messaging surrounding
cloth masks in the community setting is needed, and
should specify that 2–3 layer, fitted face masks be worn
at all times in public as another layer of protection in
addition to social distancing, not just when social dis-
tancing cannot be maintained.
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INTRODUCTION

In response to a surge in COVID-19 cases that followed city-
wide reopening, the population of Tucson, Arizona, was re-
cently mandated to wear face masks in public places along
with several states.1,2 Given the conflicting information from
the media and government agencies,3–6 many patients have
questions surrounding the appropriate use and efficacy of
cloth masks and are turning to their physicians for clarity
and reassurance. To date, there have been no randomized
controlled trials designed to test the efficacy of cloth masks
in the context of COVID-19, making it difficult for healthcare
providers to offer definitive answers. While there have been a
plethora of editorials, specials reports, and opinion articles
published in the past few months, none, to our knowledge,
organizes the evidence in the context of real patient questions.

Here, we have summarized ten questions that were submitted
to Tucson Medical Center regarding cloth face masks, and
have provided example physician responses and scientific
rationale. Based on the available evidence—with emphasis
on the newest data supporting aerosol transmission of
SARS-CoV-2—we believe messaging surrounding cloth
masks should promote use in public at all times, in addition
to social distancing, not just when social distancing cannot be
maintained. Clear messaging is particularly important for
when individuals are gathered in an enclosed space.
Question 1: I am not sick, why do I need to wear a mask?
Answer: More than one-third of infected individuals are

unaware that they are carriers of the virus and never go on to
develop symptoms that warrant testing. By wearing a mask,
you protect others. Also, if a person has a recent exposure to
someone that has tested positive, but has no symptoms, they
should self-isolate as they may be presymptomatic and could
spread the virus.
Rationale: The CDC estimates that about 40% of infect-

ed individuals do not display overt symptoms and may
contribute to the significant spread of the disease without
their knowledge.7 The WHO has stated that patients have
detectible levels of SARS-CoV-2 RNA 1–3 days before
onset of symptoms.4 Using throat swabs to quantify viral
loads and information about symptom onset from transmis-
sion pairs (N = 77 pairs), He et al. estimated that peak
infectiousness is 1–2 days prior to onset of symptoms. He
further estimated that individuals shed virus 5 to 6 days
prior to symptom onset and that total presymptomatic
transmission was 44% (CI, 30–57%).8 A review of the
modeling evidence estimates that asymptomatic and/or
presymptomatic spread ranges from 13 to 80%.9 Another
contributor to asymptomatic/presymptomatic transmission
is the high rate of false-negative testing. Using reverse
transcriptase polymerase chain reaction (RT-PCR),
Kucirka et al. showed that, before onset of symptoms,
false-negative rates were 67%.10 This evidence taken to-
gether suggests that there is a high likelihood that a patient
will test negative during their timeframe of peak infectious-
ness. The most accurate testing was 8 days after a known
infection, when many are no longer contagious, and the
false-negative rate was still 20%.10
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Question 2: I’ve read that masks do not work.11 If some
studies caution against cloth masks for healthcare workers,12

why should the public use them?
Answer: Cloth masks protect other people from you, by

reducing the number of droplets that you might release into a
shared air space when you breathe, talk, cough, or sneeze.
They provide another layer of protection in addition to social
distancing and washing your hands. There is evidence to
support a benefit for cloth masks in reducing the burden of
the COVID-19 pandemic, whereas masks have not been as
effective for other respiratory viruses. Medical/surgical masks
have a different role. The construction and proper use of a
medical mask can help protect the provider from their patients
more effectively than a cloth mask such as when exposed to
bodily fluids in addition to protecting their patients from
respiratory particles.
Rationale: The study in question12 did show that there were

significantly higher rates of respiratory infections (clinical
respiratory illness, influenza-like illness, and laboratory-
confirmed respiratory virus infection) among practitioners
randomized to a cloth mask arm compared to medical grade
masks in a large study of practitioners (N = 1607). However,
the control arm in this study was “usual practice” which
included medical mask wearing. Therefore, no conclusions
can be drawn as to whether or not a cloth mask provides any
level of protection (or not) compared to no mask.
The effectiveness of masks in both community and

healthcare settings has been extensively reviewed by Chou
et al.13; they conclude that, while the body of evidence is not
enough to draw firm conclusions, they do point to a benefit for
reduced transmission of SARS-CoV-1 or MERS-CoV-1, but
no effect for influenza, influenza-like illness, or other viral
respiratory illnesses. There have been no studies for SARS-
CoV-2 except for observational studies that have shown a
decrease in cases following implementation of required
masking.14 A lack of benefit with masking for influenza and
the common cold is in agreement with the many commentaries
that argue against mask use (e.g., ref.12); however, these
commentaries fail to reference any studies of viruses more
closely related to SARS-CoV-2.
Question 3: If I’m standing 6 ft. away from someone while

inside, do I need to wear a mask?
Answer: Yes, ideally you should wear a mask even if you

are able to maintain a distance of 6 ft. The 6 ft. distance is a
“best estimate” for how far respiratory droplets spread. There
is evidence for spread through aerosols which can travel much
farther than droplets, and remain airborne for a longer period
of time, and can accumulate in an enclosed space. Social
distancing and handwashing do not protect against airborne
transmission, masks do.
Rationale: It has been demonstrated that pathogen-bearing

respiratory particles from exhalations, coughs, and sneezes
can travel up to 27 ft. in “turbulent gas clouds” (summarized
in15). A recent article published in the Physics of Fluids
showed that respiratory particles from an emulated cough

traveled up to 12 ft. in just 50 s. A folded handkerchief reduced
the jet to ~ 3 ft. and a home-made stitched 2-layer cloth mask
reduced the forward distance of the jet to less than 3 in.16 The
WHO and CDC define respiratory particles greater than 5 μm
as droplets, and less than 5 μm as aerosols, while others define
aerosols as 10 or 20 μm based on the ability of these size
respiratory particles to remain airborne (carried within “turbu-
lent gas clouds”) whereas larger droplets typically fall to the
ground within the 6 ft. range.17 Furthermore, SARS-CoV-2
has been found to remain viable and infectious in aerosols for
3 h.18 It is believed that “a few hundred” SARS-CoV-2 parti-
cles (virion) are enough to cause disease.17 Stadnytskyi esti-
mated that 1 min of loud speaking generates at least 1000
virion-containing aerosols that remain airborne for more than
8 min and that the probability of a given droplet containing 1
SARS-CoV-2 particle is 37%; thus, 1 min of loud speaking
may be enough to cause a viral infection beyond the 6-ft.
distance.19 A recent systematic review of 9 observational
studies determined a 8–12% chance of viral infection at 1 m
(3.3 ft.), and for each 1-m farther away risk is cut in half.20

However, this is environment dependent. In an indoor space, it
is likely that aerosols accumulate and travel farther than 6 ft.;
this is supported by the documented cluster outbreaks in
indoor spaces (summarized by WHO4 and CDC21).
Question 4: What can I use as a filter for my mask and

should I try to get filters?
Answer: Wearing a mask that has 2–3 layers and is without

gaps in conjunction with maintaining distance and hand wash-
ing will optimize breathability while still offering enough
filtering performance to reduce risk of transmission without
the need for an additional filter.
Rationale: Layering of textiles improves filtration. In a

classic example from public health, it was demonstrated that
a folded sari filtered drinking water enough to reduce the
incidence of cholera in a village in Bangladesh by 48%.22

Emerging epidemiological evidence also supports reduction in
risk with face mask use for respiratory infections.20 Studies
done in the experimental setting have demonstrated excellent
filtration of droplets when textiles are layered. For example,
Rodriguez-Palacios et al. mimicked a sneeze (180 cm (6 ft.)
spray radius) and the number of respiratory particles that
passed through various household textiles commonly used
for masks. They found that a double layer reduced the number
of droplets that passed through by 97.2%. Droplets were
prevented from reaching beyond a 30-cm radius with 100%
cotton or polyester to < 10 cm radius (similar to a medical
mask). Furthermore, with a double layer of 100% cotton or
polyester, the circumferential area of contamination was re-
duced by 99.7%.23 Konda et al. reported similar aerosol filtering
ability with layers of textiles but noted that mask performance is
decreased when gaps are present (such as with bandana use
instead of a fitted mask).24 Given that the diameter of SARS-
CoV-2 is only 100 nm,25 a potential line of reasoning against
cloth masks is that the virus is too small to be blocked by a
textile mask. In an experimental setting, Rengasamy et al.
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determined that, for 100 nm particles, aerosol penetration of 3
different cloth mask types was 80% (for comparison, penetra-
tion of an N95 mask was < 1%). While 80% penetration seems
high, the authors note that this is comparable tomedical/surgical
masks which have a penetration of 51–89%.26 Importantly, this
study was not conducted using droplets as a carrier for these
particles. Respiratory particles (droplets and aerosols) generated
from a cough or sneeze are 0.1–900 μm in size (0.1 μm=
100 nm)27 and aerosols produced by normal talking or breath-
ing are < 1 μm.28 Aydn et al. tested the ability of common
household fabrics to block 100 nm particles carried in low- and
high-velocity droplets (similar speed to talking and a cough or
sneeze respectively); they found that a single layer of 100%
cotton blocked as low as 70% of nanoparticles contained in
high-velocity droplets, whereas a double layer blocked over
94%, and 3 layers blocked > 98%, which has similar perfor-
mance to a medical mask. Similarly, 94% of low-velocity
droplets were blocked with either single or double layers of
100% cotton. Taken together, this evidence suggests that a
layered, fitted mask can perform well enough to reduce disease
spread in the community setting without the need for an addi-
tional filter.
Question 5: Do I have to wear a mask when outside

walking?
Answer: The Tucson mandate states that people exercising

outdoors are not required to wear a mask.2 This is supported
by studies that show the aerosolized virus is quickly diluted
outdoors even though it can remain airborne. Depending on
where you are walking, you may still want to wear a mask to
reduce the risk to others further.
Rationale: In an outdoor space, aerosols are quickly dilut-

ed, thus reducing exposure during outdoor activity andmaking
it unlikely to come into contact with a high enough viral load
to cause disease (Reviewed by Jayaweera et al.17). However, it
is important to note that, in areas of high pollution, outdoor
virus accumulation can still occur.14

Question 6: Isn’t it unhealthy to wear a mask? Are not I just
breathing in air that is higher in carbon dioxide and depriving
myself of oxygen?
Answer: The human body is remarkable at maintaining

homeostasis. For instance, while exercising you will breathe
faster to increase oxygen intake and expel carbon dioxide.
Your kidneys also process carbon dioxide. Wearing a mask
is not likely to change oxygen or carbon dioxide levels, but it
is reassuring to know our bodies can deal with carbon dioxide
if needed. For example, surgeons, nurses, and other medical
staff wear masks for procedures that are 8+ h long and are able
to practice for many years without harmful effects from carbon
dioxide.
Rationale: There are currently no published clinical trials to

address whether or not cloth masks increase risk for
hypercapnea, for normal, healthy adults. The kinetic diameter
of CO2 is 330 picometer (3.3 × 10−6 μm),29 much smaller than
the weave of cloth masks; thus, hypercapnea with cloth mask
use is extremely unlikely. Similarly, the kinetic diameter of

oxygen is 346 picometers;30 thus, the exchange of CO2 and O2

is not affected by the use of cloth masks. There is a potential
concern for individuals with respiratory diseases like asthma;
however, in agreement with the WHO and CDC, the Asthma
and Allergy Foundation of America recommends that people
with asthma wear a face-covering unless they have trouble
breathing.31

Question 7: Why would someone wear a mask in their car,
when they are alone?
Answer: Before you laugh at the solo occupant of a car

wearing a mask, consider they may be traveling between
errands, or between appointments. Not touching or frequently
adjusting the mask means less chance of transferring the virus
via contact if present. Before you put on or remove your mask,
you should wash your hands properly with soap and water for
20 s.
Rationale: SARS-CoV-2 has been shown to be viable on

surfaces for days (although the half-life is a few hours) de-
pending on the surface.18 One study has demonstrated that,
after 24 h on a cotton surface, 99.995% of SARS-CoV-2 was
lost, and there was no detectible virus after 24 h. Conversely,
SARS-CoV-2 lived for 14 days on the surface of an N95
respirator (preprint article32).
Question 8: How often should I change and clean my

mask? Can I take my mask on and off throughout the day
and it still be effective?
Answer: You should use a clean cloth mask every day, or if

your mask gets dirty or damp. Masks can be washed in the
regular laundry or with a bleach solution—make sure the
bleach is intended for disinfection as color-safe bleach for
clothing is not for disinfecting. If you need to remove your
mask throughout the day, you need to follow proper technique
for removing and reapplying your mask, along with proper
hand hygiene. The CDC recommends that, to remove your
mask, only touch the ear loops or ties, then fold the corners
together so that you only touch the inside of your mask. The
more you touch and adjust a mask, the more chances of
contamination (see Question 7).
Rationale: Regular soap is an effective means to deactivate

multiple virus types including SARS-CoV-2.33 The CDC
provides instructions on how to wash your cloth face mask
in the washing machine or by hand.34 Briefly, in the washing
machine, masks should be washed with detergent on the
warmest water setting possible. If washing by hand, the
CDC recommends using bleach intended for disinfection and
contains 5.25–8.25% sodium hypochlorite. Mix 5 tablespoons
bleach per gallon of water and let the mask soak for 5 min.
Make sure the mask is completely dry before use.
Question 9: Will ultraviolet rays (UV) from the sunlight kill

the virus?
Answer: No, at least not to any significant amount. Only

UVA and UVB reach the earth and have not shown any effect
on SARS-CoV-2; though UVC has been shown to deactivate
SARS-CoV-2 in some studies, it is absorbed by the ozone
layer so it does not reach the earth.
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Rationale: A study in China showed that high tempera-
ture and UV radiation did not reduce the transmission of
SARS-CoV-2.35 Conversely, another large study showed
an association with higher UV exposure and a lower num-
ber of COVID-19 cases (N = 10,000).36 However, the study
was conducted only in January and February; thus, the UV
index was very low for the majority of locations, with less
than 5 (of 85) locations reaching a UV index of 7 or higher
in either month; until yearly data is available, these results
should be considered inconclusive. In tightly controlled
laboratory conditions, only UVC, which is completely
absorbed by the ozone layer,37 has been shown to disinfect
SARS-CoV-238 and SARS-CoV-1.39 Anecdotally, for
much of the summer it was over 100 °F most days in
Tucson with a UV index of about 9, and the number of
new cases each day continued to increase until the masking
order was put into effect.
Question 10: If I’m in my own office in a building with

shared air ventilation, do I need to wear a mask?
Answer: No. The amount of droplets containing virus

particles would likely not be concentrated enough to cause
disease. However, please follow your company’s policies
regarding mask wearing.
Rationale: Some studies have found the presence of SARS-

CoV-2 RNA in air samples, including in the exhaust vent40,41;
however, these studies were not quantitative and were unable
to determine viability of the virus. Other studies were not able
to detect airborne viral RNA.42,43 A recent commentary sum-
marized the evidence for airborne transmission of SARS-
CoV-2, noting that risk for airborne transmission is highest
in indoor spaces with poor ventilation.44 Recently,
Mouchtouri et al. identified positive SARS-CoV-2 samples
in the air as well as the central air outlet on the roof of the
hospital that was connected to the patient’s room, suggesting
that SARS-CoV-2 traveled through the ventilation system.45

However, ventilation was connected to a negative pressure
room, and the authors were not able to quantify virus levels or
determine virus viability.

CONCLUSION

Here, we have offered providers with examples of how to
respond to patient questions about masks in a way that
encourages prudence without propagating fear. Given that
there is no evidence that cloth masks cause harm for
healthy adults, they can be another layer of protection to
be used in conjunction with social distancing and frequent
hand washing. Areas that have heeded such advice and
implemented mask use have seen a decline in new daily
cases, whereas areas with social distancing measures alone
have not.14 Some of the messaging surrounding masks
states that masks should be worn in “specific situations”
and when social distancing is not possible.4,46 We assert
that stronger public messaging is necessary, and should

specify that 2–3 layer, fitted face masks should be worn at
all times in public as another layer of protection even
when social distancing is possible. Opponents of face
masks argue that there is no evidence of effect for masks.
As Leung wisely stated in March, “Absence of evidence
of effectiveness is not the same as evidence of ineffec-
tiveness, especially when facing a novel situation with
limited alternative options”.47 We, the authors, believe
masks will be effective when used correctly. At the very
least, cloth masks can serve as a reminder that, while
some shut-downs have eased, COVID-19 has not.
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