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Mask photos: Mia Ehrnrooth, AIM by Mia

As governments plan how to exit societal
lockdowns, universal masking (mass face mask
wearing) has rapidly emerged as one of the key
non-pharmaceutical interventions for containing
the spread of the COVID-19 pandemic. A growing
body of evidence, ranging from clinical trials to
the policy comparisons and new simulations
presented here, suggests that universal masking as
currently practiced in Asian countries significantly
lowers rates of transmission.

Currently, the lowest recorded daily growth rates
in COVID-19 infections are found in countries with
a culture of mass face mask wearing, most of
whom have also made mask wearing in public
mandatory during the epidemic, and most of
whom are not currently locked down. Supporting
this correlational evidence, we provide a
simulation of the effects of mass face mask
wearing over time compared to effects of social
distancing and lockdown. Simulation results
indicate that without masking, lifting lockdown
after nine weeks while keeping social distancing
measures will risk a major second wave of the
epidemic in 4-5 months’ time. However, if four
out of five citizens would start wearing cloth
masks in public before the lockdown is lifted, the
number of new COVID-19 cases could decline
enough to exit lockdown and still avoid a second
wave. If only every second person starts wearing a
mask, infection rates would also decline
substantially, if not fully enough to prevent the
second wave of the epidemic.

We also offer a new interactive simulation of
agent-based models showing how masking works.

This white paper shows the need for mass masking
as an alternative to a continued lockdown
scenario. For this strategy to be most effective,
the vast majority of the population needs to adopt
mask wearing immediately. When a well-timed
“mouth-and-nose lockdown” accompanies the
current “full body lockdown”, we can lower both
the human and economic costs of this pandemic.



Masking should be mandatory or recommended for
the general public when in public transport and
public spaces, for the duration of the pandemic.

Masking should be mandatory for individuals in
essential functions (health care workers, social
and family workers, the police and the military,
and the service sector) and medical masks should
be provided to them by employers.

Countries should aim to eventually secure mass
production and availability of appropriate medical
masks (without exploratory valves) for the entire
population during the pandemic.

Until supplies are sufficient, members of the
general public should wear nonmedical fabric
face masks when going out in public and medical
masks should be reserved for essential functions.

The authorities should issue masking guidelines to
residents and companies regarding the correct and
optimal ways to make, wear and disinfect masks.

The introduction of mandatory masking will benefit
from being rolled out together with campaigns,
citizen initiatives, the media, NGOs, and
influencers in order to avoid a public backlash in
societies not culturally accustomed to masking.




With Europe, several US states, and other countries’ states having imposed strict
measures of social distancing and restrictions on movement in March 2020, governments
now seek a sustainable pathway back towards eased social restrictions and a
functioning economy. Mass testing for infection and serological tests for immunity,

combined with mass contact tracing, quarantine of infected individuals, and social
distancing, are recommended by the WHO and have become

widely acknowledged means of controlling the

SARS-CoV-2 virus until a vaccine is

available.

A growing body of evidence suggests
that universal masking or face mask
wearing is an additional essential tool
in the COVID-19 mitigation toolkit.
Masks indisputably protect individuals
against airborne transmission of respiratory
diseases. A recent Cochrane meta-analysis
found that masking, handwashing, and
using gowns and/or gloves can reduce
the spread of respiratory viruses,
although evidence for
any individual one
of these measures
is still of low
prea of respiratory vinses? Gochrane Cimieat arowers. - certainty.’

2 Davies, A., Thompson, K. A., Giri, K., Kafatos, G., Walker, J., and
Bennett, A. (2013). Testing the efficacy of homemade masks: would
they protect in an influenza pandemic? Disaster Medicine and Public
Health Preparedness, 7(4), 413-418.

3 van der Sande, M., Teunis, P., & Sabel, R. (2008). Professional and
home-made face masks reduce exposure to respiratory infections
among the general population. PLoS One, 3(7).

4Ganyani, T., Kremer, C., Chen, D., Torneri, A., Faes, C. Wallinga, J.,
Hens, N. (2020). Estimating the generation interval for COVID-19

based on symptom onset data. medRxiv preprints. Natalie J. Thornburg, Susan I. Gerber,
5 Leung, Nancy H. L., Daniel K. W. Chu, Eunice Y. C. Shiu, Kwok-Hung James O. Lloyd-Smith, Emmie de Wit, Vincent J.
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MASKING PROTECTS

YOUR COMMUNITY.

Face masks work
both ways. They can

sweatnll NOT JUST YOU.

spreading the virus
(transmission).

And they can limit how much the non-infected individual is exposed to the
virus (absorption). Surgical masks most efficaciously reduce the emission of
influenza virus particles into the environment in respiratory droplets.
Comparing different mask materials, medical masks have been found to be
up to three times more effective in blocking transmission compared to
homemade masks.?2 Still, although masks vary greatly in their ability to
protect, using any type of face mask (without an exploratory valve) can
help decrease viral transmission.?

Masks may be especially crucial for containing the COVID-19 pandemic,
since many infections appear to come from people with no signs of illness.
For instance, around 48% of COVID-19 transmissions were pre-symptomatic
in Singapore and 62% in Tianjin, China.* Furthermore, the SARS-CoV-2 virus
is known to spread through airborne particles® and quite possibly via
aerosolized droplets as well.%7-% It may linger in the air for at least 30
minutes and travel up to 4.5 meters, or larger than the “safe distance”
imposed by social distancing rules in public — the insight which prompted
Chinese health authorities to encourage masks in early March.'®

Previous modelling studies indicate that masking can be an effective
intervention strategy in reducing the spread of a pandemic.'" Crucially, a
high rate of masking (80% or more) may be needed in a population to
provide efficient protection from influenza.'? This is why masking needs to
be universal and not restricted to individuals who think they may be
infected. Furthermore, universal masking can reduce stigmatisation of
ethnic groups, risk groups or the sick and contribute to public solidarity.?
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The Czech Republié was the first non-Asian country to embrace and impose

mandatory-universal masking on March 11. The Czech policy swiftly inspired
various initiatives from citizens, journalists and scientists;!2:3:4.3.6.7

w» and created global movements such as #masks4all and #wearafuckingmask.
Their arguments build on the ability of the COVID-19 virus to spread from
pre- and asf/mpwmétic individuals who may not know that they are

W

infected, and to linger in airborne droplets.
.

Leading political and medical experts who early were advocated masking
included Chinese tDC director-general Prof. George Fu Gao,® former FDA
commiSsioner Scott Gottlieb and P’of. Caitlin Rivers & Johns Hopkins,? and
the American Ente{prﬁe Institute’s réadmap.® In early April a rapidly
increasing number of governments from coumtries witE]out a previous culture
of mask wearing require or reco‘mmenrd'\niversal masking including the
Czech Republic, Austria and Slovakia. Additionally, public health bodies in
the USA, France or New Zealand have moved toward universal masking
recommendations (table on the next page).!"!?

The WHO has issued guidelines discouraging the use of masks in the public.'
In early April the WHO modified the guidelines, allowing self-made masks
but rightly stressing the need to reserve medical masks for healthcare
workers.'1> The policy shifts of the WHO and other CDCs reflect advances
in our scientific understanding of this pandemic, and partly legitimize the
altruistic “mask resistance” of civil society in this war against COVID-19.

' De Kai (2020). The disastrous consequences of information disorder
erupting around COVID-19: Al is preying upon our unconscious cognitive
biases. Boma COVID-19 Summit, 23 Mar 2020. http://dek.ai/unbias

2Howard, Jeremy and Fast.ai team (2020). #Masks4All Make and wear a
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how to do it. New York Times, 31 Mar 2020.
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Cloth Mask Adoption & Policies to Increase the Supply of Medical Masks
for Health Workers. White paper, April 1 2020.

® Feng, S., Shen, C., Xia, N., Song, W., Fan, M., & Cowling, B. J. (2020).
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Respiratory Medicine.
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the pandemic? Science Magazine, 28 Mar 2020.
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Washington Post, 13 Mar 2020.
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road map to reopening.
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2020.
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THE PLACES THAT BEST
HANDLED COVID-19 ALL HAD
UNIVERSAL MASKING
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On the other hand, countries which have adopted mass testing, tracking and
quarantining, but lack a universal masking culture, have not yet seen a clear reduction in
COVID-19 transmission rates. Although these correlations may be due to underlying
unobserved factors, they call for further enquiry into the effects of masking. A recent
macro-level regression analysis by economists at Yale University, taking into account
masking cultures and times of country COVID-19 policy responses, estimated that growth
of COVID-19 rates only half that of mask wearing countries — the growth rate of
confirmed cases is 18% in countries with no pre-existing mask norms and 10% in countries
with such norms, while the growth rate of deaths is 21% in countries with no mask norms
and 11% in countries with such norms. The authors note that such a 10% reduction in
transmission probabilities could correspond to a per capita gain of $3,000-6,000 per each
additional cloth mask (!), and that the economic benefits of each medical mask for

healthcare
personnel could be 300000
substantially larger.?
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NEW SIMULATION:

UNIVERSAL MASKING IS
PREFERABLE TO STRICT
LOCKDOWNS

Building on the insights above, we simulated the relative impact of masking compared to
the two main other societal non-pharmaceutical interventions, lockdown and social

. .
distancing.
United Kingdom (23 Mar is Day 0)
Our model suggests 8% 9 Y
: s BO% masking by 30 Apr. SO continues after lockdown is lifted on 31 May
I s t f Total infected population: 2.5%, Day eliminated: 276
a C ear I mpac O —— ‘5&‘:‘ m’uesgg zznauﬂla:g’rr,‘:s.lo‘c:numes after lockdown Is lifted on 31 May
. l k. 7% : - #ocliuo;r(.::;mm o‘i‘n‘mrvcsrssnsl‘ m;skmlg (oMﬁe&J g:)deﬁmmy
= fotal int population: . Day eliminated:
u nlversa mas Ing’ : = Soclal distancing after lockdown ends on 31 May

Total Infected population: 46.6%

Without masking,
but even with
continued social
distancing in place
once the lockdown
is lifted, the
infection rate will

6%

w
x®
24 Mar - Lockdown introduced

30 Apr - Masking completed
31 May - Lockdown lifted

percent of population
B
®

w
*

increase and 2%

almost half of the

population will e

become affected.

This scenario, = -

rendered in grey in

Figure 3, would

potentially lead to over a million deaths in a
population the size of the UK. A continued lockdown,

Figure 3. Simulation results for a
representative scenario: universal
masking at 80% adoption (red)
flattens the curve significantly

illustrated in blue colour, does eventually result in more than maintaining a strict
bringing the disease under control after around 6 lockdown (blue). Masking at only
months. However, the economic and social costs of a 50% adoption (orange) is not
“full body lockdown” will be enormous, which sufficient to prevent continued

_ . . spread. Replacing the strict
strongly supports finding an alternative solution. In lockdown with social distancing

our models, social d1stanc1n.g and masking at both on May 31 without masking
50% and 80% of the population — but no lockdown results in unchecked spread.
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beyond the end of May —
result in substantial
reduction of infection, with
80% masking eventually
eliminating the disease.

The simulation was fitted to
the current timeline in
many Western countries,
with a lockdown imposed
March the 24th (day 1) and
planned to be lifted on May
31st. Universal masking is
introduced in April. The
simulation continues for 500
days from day 0, or around
17 months.

These modelling results
support the need for mass
masking as an alternative
to continued lockdown
scenario. For this strategy
to be most effective, the
vast majority of the
population needs to adopt
mask wearing
immediately.

100 200 300 400 500
Days

Figure 4. Simulation results for a representative scenario:
universal masking at 80% adoption (red) results in 60,000
deaths, compared to maintaining a strict lockdown (blue)
which results in 180,000 deaths. Masking at only a 50%
adoption rate (orange) is not sufficient to prevent continued
spread and eventually results in 240,000 deaths. Replacing
the strict lockdown with social distancing on May 31 without
masking results in unchecked spread.

We implemented SEIR dynamics on a stochastic dynamical
network with a heterogeneous population. We assumed an
initial infected population of 1% and modelled the assumed
effects of social distancing, lockdown, and universal masking
over time on the rates of infection in the population. In the
model, social distancing was defined as the degree
distribution of the contact network of an individual.
Lockdown stringency was modelled considering no stringent
lockdown (i.e. only social distancing) or stringent lockdown
by setting the probability of individuals coming into contact
with those outside of their immediate network. Assuming
that individuals have around 13 contacts in normal everyday
life, social distancing will reduce this to 4 and lockdown to
only 2, for other parameters and details see the Appendix. A
gradual increase in mask wearing was modelled using a linear
increase in the proportion of individuals randomly allocated
with a rate of transmission reduced by a conservative factor
of 2. The period of time over which the mask wearing went
from 0 to maximum % was set to 10 days. 50% and 80%
maximum values were considered. All models were built
using the SEIRS+ package
(https://github.com/ryansmcgee/seirsplus) v0.0.14; for
model parameters and details see the Appendix.




Interactive Agent-Based Model Visualization for COVID-19 Masking
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TRY THIS NEW

INTERACTIVE SIMULATION:
AGENT-BASED MODELS
SHOW HOW MASKING WORKS

The exponential effect of masking can be
counterintuitive.! We have constructed a new
interactive simulation model to demonstrate how masks
can significantly reduce virus spread, even if they are
nonmedical or homemade.

To gain a more concrete feel for how masks impact the
dynamics of virus spread, try the interactive
visualization at http://dek.ai/masks4all

The interactive simulator implements an individual
agent-based model (ABM), in contrast to compartmental
models which group undifferentiated individuals into
large aggregates (like in the above SEIR simulation).

Each moving dot represents an individual agent, who

Figure 5. Try this interactive may become exposed to the virus through proximity to

visualization that simulates other agents who are infectious. Blue dots are healthy
how COVID-19 spreads under susceptible agents, orange dots are exposed agents, red
different masking scenarios dots are infected agents, and green dots are recovered
via an individual agent-based agents. A dot with a white rectangle on it represents an
model (ABM).

agent who is wearing a mask.

Slider controls allow playing with various scenarios:
whether masking is used, the adoption rate of masking,
virus transmission and absorption rates through masks of
varying quality, as well as other modelling parameters
such as the initial numbers of susceptible, exposed,
infected, or recovered agents.




Together with mass testing for

infection and serological tests,
tracking and quarantining
diagnosed cases, and social
distancing measures,

universal masking shows us
the way towards a sustainable
way of life in the age of the
coronavirus.




TO CONCLUDE:
UNIVERSAL MASKING NEEDS

BROAD SUPPORT AND

CLEAR GUIDELINES

We urge governments and international bodies who have not yet done so to consider
masking as one of the key tools in population policy after the COVID-19 lockdowns and
until the virus is under control. The analysis presented here supports recent studies,’
suggesting that the effectiveness of universal masking is comparable to that of social
distancing or a societal lockdown with closed workplaces, schools, and public spaces
and limited geographical mobility. The results from our simulation help explain the
dynamics behind the perplexing advantage in the Asian experience of tackling COVID-

19 compared to the situation elsewhere.

The effectiveness of universal masking in a
given population is likely to depend on the
type of masks used, the acceptance of
masking in the population, the level of
contagion of the virus, and what other
interventions have been applied. From this
perspective, the Central European
experience will be highly informative, since
it represents the first major shift to
universal masking in a formerly non-
masking culture. The effects of this
pioneering intervention on infection rates
and fatalities will appear only in the
forthcoming weeks, although Slovakia and
Slovenia are currently showing early
indications of progress (see Figure 2
above). In any case, they illustrate that a
country with no prior history of mask
wearing in public may rapidly change
course, and quickly adopt masks as a non-

stigmatised — even street smart — way to
express caring and solidarity in the
community.

The medical and social risks of increased
infections need to be countered by proper
advice in the public domain. Some studies
do indicate negative effects of cloth mass
use, for instance, higher risks of infection
due to moisture retention, reuse of cloth
masks and poor filtration, in comparison to
medical masks.2 There are also concerns
that lay individuals may use both medical
and/or cloth and paper masks incorrectly.
Masking techniques and norms need to be
taught with targeted information to
different demographics, just as proper
handwashing and social distancing
techniques have been taught.



APPENDIX

SEIR models were built using SEIRS+ package v0.0.14
(https://github.com/ryansmcgee/seirsplus). Unless stated otherwise,
default parameters for COVID-19 from the example notebooks in the
package GitHub repository were used (listed below for convenience).

Default parameters. B=0.155, 6=1/5.2, y=1/12.39, up=0.004, po=0, v=0,
&=0. Initial infected population (init|) was set to 1%, all others 0%. The
size of the total population was set to 67,000 (a factor of 1,000 from the
population of the UK). This describes a SEIR model with best estimates
for COVID-19 dynamics.

Social distancing and lockdown. Social distancing was described by the
degree distribution of the contact network of an individual. Default
interaction networks were used, constructed as Barabasi-Albert graphs
with m=9 and processes using the package function
custom_exponential_graph with different scale parameters. Normal
graph (scale=100) with mean degree 13.2, distancing graph (scale=10)
with mean degree 4.1 and lockdown graph (scale=5) with mean degree
2.2. Furthermore, lockdown stringency was modelled using the locality
parameter p, which was set to 0.02 during lockdown and 0.2 during
social distancing phases.

Mask wearing. A gradual increase in mask wearing was modelled using a
linear increase in the proportion of individuals randomly allocated with a
reduced B parameter. The factor by which B was reduced was
conservatively set to 2. The period of time over which the mask wearing
went from 0 to maximum % was set to 10 days. 50% and 80% maximum
values were considered.

Date fitting. The progression in the number of deaths was used to fit the
model to an approximate calendar date representing Day 0. For the UK,
this corresponded to Mar 23.
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