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ABSTRACT

‘The Mask’ has become a byword and a precious possession universally. Except for its use by the medical fra-
ternity, answers to the common questions-whether it provides enough protection, which type is optimal for the
general public and who really needs to don it, remain poorly understood. For a frontline healthcare worker,
wearing mask is a necessity as an important person protection equipment, it is perhaps the most-powerful
psychological symbol for the general public. Surprisingly, it even undermines all other recommended practices
of infection control and breaking the transmission chain of Covid-19, like hand washing, personal hygiene and
social distancing. ‘The mask’ has evolved with time and yet there is a need to further improve the design for
safety, tolerability and comfort. In this review we present the journey of face mask, originating from the first
masks aimed at stopping the bad smell to its industrial use to its all-important place in the medical field. Various
types of face masks, their filtration efficiency, reusability and current recommendations for their use are pre-

sented.

1. Introduction

The Mask: You were good, kid, real good. But as long as I'm around,
you'll always be second best, see? As Stanley Ipkiss, the eponymous
character in the movie “The Mask” remarked: “It (The Mask) is a power
tie. It's supposed to make you feel powerful.” This movie dialogue perfectly
suits the ‘center stage’ taken by the face masks during the current
Covid-19 pandemic. Globally, emotions fly high and heated debates are
omnipresent as ‘Mask’ becomes a byword and precious possession.
Answers to the common questions-whether it provides enough protec-
tion, which type is optimal for the general public and who really needs
to don it, remain barely convincing. Controversies are aplenty, ex-
acerbated further by its acute shortage, inflated prices and hoarding for
profiteering by some.

For a frontline healthcare worker, wearing mask is a necessity as it
empowers him to fight the deadly Covid-19 with less fear and anxiety of
contracting the illness. However, for the common man, ‘the mask’ is at
present, perhaps, the most-powerful psychological symbol.
Surprisingly, it even undermines all other recommended practices of
infection control for breaking the transmission chain of Covid-19, like
hand washing, personal hygiene and social distancing.

This review describes the evolution of mask, its types and who
should wear which mask during the current COVID-19 outbreak.

2. The journey of mask

The first mask was aimed at stopping a bad smell. Only in the 1700s,
mankind realized its need for medical purposes. Prevailing orthodox
belief in that era was dominated by the “miasmatic” theory of disease
causation, which postulated that most diseases were caused by inhaling
a “miasma” - air infected through exposure to corrupting matter like
corpses and exhalations of infected persons (Halliday, 2001). This po-
pularized the notorious ‘plague doctor’ masks described by Charles de
Lorme, a European physician. This mask was filled with herbal per-
fume, shaped like a beak, had a half-foot long nose with two holes near
the nostrils, permitting sufficient breathing (Fig. 1).

Further developments in the field of microbiology during 1800s
debunked the miasmatic theory and ‘the mask’ underwent structural
transformations to suit the healthcare needs. The first study supporting
the use of a mask in surgery was described in 1897 by J Miculicz, a
German physician. Later in 1918, GH Weaver, a Chicago based physi-
cian, described the practice of wearing gauze masks while working with
patients suffering from diphtheria, meningitis and pneumonia (Belkin,
1997).

The second phase of the industrial revolution and the threat posed
by chemical warfare established the importance of ‘the mask’ and
prompted rapid advances in its design. One triggering historical event

* Corresponding author at: Division of Neurology, NUHS Tower Block, Level 10, 1 E Kent Ridge Road, 119228, Singapore.

E-mail address: Vijay Kumar SHARMA@nuhs.edu.sg (V.K. Sharma).

https://doi.org/10.1016/j.bbi.2020.05.060

Received 19 May 2020; Received in revised form 21 May 2020; Accepted 21 May 2020

Available online 08 June 2020
0889-1591/ © 2020 Elsevier Inc. All rights reserved.


http://www.sciencedirect.com/science/journal/08891591
https://www.elsevier.com/locate/ybrbi
https://doi.org/10.1016/j.bbi.2020.05.060
https://doi.org/10.1016/j.bbi.2020.05.060
mailto:Vijay_Kumar_SHARMA@nuhs.edu.sg
https://doi.org/10.1016/j.bbi.2020.05.060
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbi.2020.05.060&domain=pdf

Y. Goh, et al.

EVOLUTION OF MASK

? The new Norm

1800s 1900s 2000s 2020

MODERN CREATIVE MASKS

Fig. 1. Evolution of ‘The Mask’. Starting from a beak-shaped plague mask in
1800s (A), it has evolved from a bulky industrial mask in 1900s (B) to the
simple surgical mask and N-95 medical grade respirator (C). The current scarce
availability of a surgical mask and N95 respirator has prompted the govern-
ments to recommend even face covers from any available cloth (D) material!

was America’s industrial disaster during the construction of Hawks Nest
Tunnel in 1930s, when approximately 1000 people working under-
ground succumbed to silicosis due to the lack of suitable protective
equipment. Health risks associated with asbestos inhalation were also
realized among the manufacturing workers for pipes in naval vessels.
Furthermore, the high risk of inhalation of toxic dust was identified
among workers deployed to mining and construction industries, which
led to the recommendation to use mask respirators at the workplace.

A large variety of face masks have surfaced in the market during the
current COVID-19 outbreak, largely due to the limited availability of
proper face masks.

3. Types of masks
3.1. Respirator mask

A respirator mask forms a tight seal around nose and mouth and
protects the user from being exposed to noxious particles, gases and
microorganisms including bacteria, viruses and fungi. The filter is made
up of millions of microfibers of polypropylene layers that are electro-
statically charged. The electrical charge retains its ability to filter mi-
croorganisms.

Initial respirator masks were made up of fibre glass and prevented
fine coal dust inhalation. However, the users found it difficult to
breathe through them. The first single use N95 respirator mask was
introduced in 1972 by 3M. It used very thin layers of fibres by air-
blasting melted polymer with added electrostatic charge to block very
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small particles, making it easier to breathe through. Its first medical use
came in 1990s when doctors and nurses used it to protect themselves
from drug resistant mycobacteria from human immune deficiency virus
(HIV)-infected patients. It was subsequently used during the SARS
outbreak in 2003.

Respirator masks are certified as N, R or P depending on their ability
to offer

resistance to oil-based particles. ‘N’ stands for ‘not oil resistant’ and
these masks can only be used for filtering particles that do not contain
oil. ‘R’ and ‘P’ labelled masks are ‘somewhat resistant to oil’ and
‘strongly oil proof’, respectively.

‘N’ type respirator masks are further divided into N95, N99, N100
depending on the filtration efficacy. N95 and N99 respirator masks
filter off at least 95% and 99%, respectively of the particles > 0.3 pum.
The 0.3 um cut off is preferred because particles =0.3 um are able to
penetrate into the lung tissue. Although, coronaviruses measure
0.06-0.14 pm in diameter, their small size renders them the random
Brownian motion, making them more prone for trapping by the re-
spirator filter. Therefore, N95 respirator masks effectively filter the
coronavirus effectively, provided the mask has a proper seal. A fit test is
therefore necessary before donning these masks.

Each country has their own certification standard for each mask
type, e.g. USA [NIOSH 42CFR Part 84], Europe [149:2001, China
[GB2626]. The European Union classifies respirator masks into FFP1,
FFP 2 and FFP3 where FFP stands for Filtering Face Piece. N95 is
roughly equivalent to FFP2 and N99 is roughly equivalent to FFP3
masks. FFP1, FFP2 and FFP3 are also called P1, P2 and P3.

3.2. Valve versus non-valve N95 respirators

NO5 respirator masks are available with a valve and without a valve.
The valve N95 mask respiratory are not suitable for patients suffering
with COVID-19 as during exhalation they will allow the virus to pass
out easily and can potentially infect people around them.

3.3. Surgical mask

The Surgical mask is also called a ‘procedural’ or ‘medical’ mask. It
was initially introduced in the 1890s for surgeons and assistants for use
in the operation theatres. It was supposed to protect the surgical team
from blood and body fluid splashes from the patients. It did not protect
them from catching infection from the patients. On the contrary, pa-
tients undergoing operations were protected if a member of the surgical
team coughed or sneezed during the surgery.

The surgical mask has three layers (3-ply). The material of the in-
nermost layer absorbs moisture from the users’ breath, the middle melt-
blown material layer acts as a filter while the outer layer repels water
and other liquids. However, despite the hydrophobic nature of external
layer, water droplets containing dangerous viruses can remain on it
(Shen and Leonas, 2005).

The pleats on the mask increase the surface area for adequate cov-
ering of nose and mouth. Although, the surgical mask can filter the
bacteria and other particles (> 0.1 pm in size) with > 98% efficiency,
the seal around nose and mouth is not tight. Therefore, a surgical mask
provides very little protection from infections. Its works efficiently for 3
to 8 h, depending on the environmental humidity and temperature. It
should be disposed safely after a single use.

3.4. Dust mask

A dust mask is a moulded disposable mask made of paper pad. While
it protects against non-toxic dusts during dusty house cleaning and
construction works, it provides no protection against microbes.
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4. Single layer face mask

Many governments have come out with varying guidelines on cov-
ering the mouth and nose with single layer face masks made up of a
single layer of non-woven fabric. Such masks are commonly used by
workers in the food processing industry. Such masks are only for single
use, never washed or reused and provide no protection against mi-
crobes.

Indigenous masks have appeared in general public, made up of
several common fabrics including cotton, silk, chiffon, flannel, various
synthetics, and their combinations. Although the filtration efficiencies
for various fabrics with a single layer ranged from 5 to 80% for particle
sizes of > 300 nm, the efficiencies improved when multiple layers were
used with combination of fabrics. Cotton, the most widely used material
for cloth masks performs better only at a high thread count (Konda
et al., 2020). A recent randomized trial compared the cloth masks with
surgical masks and reported Penetration of cloth masks by particles was
almost 97% and medical masks 44% (Maclntyre et al., 2015).

5. Extended use and re-use of N95 respirator masks

Frontline healthcare workers are at highest risk of contracting the
COVID-19 infection from their patients. However, the optimal N95
respirator masks are having acute shortage in various parts of the
world, prompting evaluation for their extended and repeated use. It is
important to note that the medical grade N95 respiratory masks are
only for single use. Although, other masks, considered equivalent to the
medical grade N95 respirator masks (FFP2, N99, N100 or FFP3) may
filter out the dreaded coronavirus effectively, they are very un-
comfortable when worn over longer periods, especially due to the dif-
ficulty of breathing through them.

Owing to the acute short supply, experiments have explored dif-
ferent ways of extending the use of N95 respirator masks as well as
reusing them. The most import consideration is that such attempts
should not compromise the protection offered by these respirator
masks. During the extended use, the mask must maintain its shape and
filtration efficiency. The method of sterilization must eliminate the
virus threat and it should be used by the same wearer. However, when
these respirator masks are used repeatedly or for longer periods, their
filters may clog and make breathing through them difficult.

If for some unavoidable reasons, the N95 respirator mask is to be
reused, utmost care is needed for its sterilisation. Simple drying in air
for 48-72 h is the simplest way sterilising and reusing it since this
method mask kills the virus. Heating the mask in an oven at 70 degrees
Celsius for 30 min also kills the virus. However, it should not contain a
metal and the mask should not contain an inflammable material. The
mask can be hung in the oven by using a wooden clip (Kate, 2020).
Alternatively, the N95 respirator mask can also be sterilised in a dry
rice cooker for 3 min at 149-164 degrees Celsius (Lin et al., 2017).
Importantly, the N95 respirator mask should not be washed with soap,
warm water, alcohol or bleach. Even exposure to ultraviolet radiation
or using a microwave oven is not advisable since these methods damage
the electrostatic charge and significantly reduce the filtration capacity
(Viscusi et al., 2009).

5.1. Wearing a mask to prevent COVID-19 transmission

COVID-19 is released from a patient’s body during talking,
coughing, sneezing or even breathing as aerosol droplets. Airborne
transmission has not been proven as the mode of transmission (Ong
et al., 2020). Therefore, minimising the spread of the virus from man-
to-man is the only effective way of controlling the current pandemic.
Accordingly, the World Health Organization (WHO) and local govern-
ments have been advising social distancing, staying indoors, regular
hand washing with water and using an alcohol based disinfectant.
Historically, during the Severe Acute Respiratory Syndrome (SARS)
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virus outbreak, the human-to-human transmission could be reduced by
55% by hand washing alone, 68% by wearing a face mask alone while
the their combined used (with gloves and a protective gear) reduced it
by 91% (Jefferson et al., 2009).

The face mask appears to be an effective method of preventing the
aerosol spread of COVID-19. However, the directives from various
health agencies and governments regarding wearing of a face mask
have been inconsistent. Initially, the WHO and Centre for Disease
Control (CDC) in United States advised that mask is not needed for
everybody and only people caring for a proven or suspected COVID-19
patient or a person with respiratory symptoms should wear a mask. This
advisory was largely driven by the severely short supply of face masks,
sparing them for frontline healthcare workers and preventing panic
among the general public. Furthermore, the lack of evidence for the
effectiveness of face mask against the current COVID-19 outbreak is not
a reasonable explanation considering its high infection transmission
rates (Leung et al., 2020).

Recent studies suggest asymptomatic transmission in the commu-
nity. Moreover, an infected patient can shed the viral aerosol droplets
even 2-3 days prior to developing symptoms (Ganyani et al., 2020). An
interesting risk assessment model for an influenza epidemic demon-
strated that around 35% of the people will catch the influenza infection
if people do not wear a mask. However, wearing a mask by 50% of the
general public will reduce the prevalence of infection by 50% while an
80% use of mask in the community may will make the risk of trans-
mission negligible (Yan et al., 2019). This phenomenon has been seen in
countries with a culture of wearing masks routinely, such as Hong
Kong, South Korea and Taiwan, where the COVID-19 outbreak could be
contained rapidly and effectively.

6. Recommended face masks for the community and healthcare
workers

Wearing any mask is better than wearing no mask, both in terms of
transmission and protection. This information led to a panic buying
spree by general public. The acute severe shortage led to the resurgence
of fake surgical and N95 respirator masks in the global markets at un-
believable prices. It even led some governments to even issue advisories
on home-made cotton cloth masks, which could be washed and reused
(Masks for curbing the spread of SARS-Cov-2 Coronavirus, 2020).
Whether a simple cloth mask is sufficient for everybody while going
outdoors in the community is debatable. The N95 respirator mask is not
recommended for community use.

Surgical masks are recommended by all healthcare workers while
dealing with non-COVID-19 patients. They should be used by health-
care workers deployed in high-risk hospital areas where COVID-19
patients are housed. Use of N95 respirator masks prevent frontline
healthcare workers from contracting the infection from their patients
(Wang et al., 2020). This is supported by the previous experiences from
SARS and MERS outbreaks (Greenhalgh et al., 2020). A Cochrane re-
view suggested that donning the N95 respirator reduces the spread of
respiratory viruses (Institute, 2019). The need for a face mask has never
been more critical than during the ongoing Covid-19 pandemic
(Jefferson et al., 2011).

The mask design and safety have evolved over time and it remains
the mainstay of the personal protective gear of a physician warrior.
However, besides the current supply issues, there remains several
challenges and limitations with regards to its design. Although N95
grade respirators provide excellent protection to the user, the existing
designs have inherent tolerability issues. While the metal strip com-
presses the bony nose bridge, the tight thin straps compress various
superficial sensory nerves on the scalp, causing de novo headaches or
worsening the pre-existing headaches, especially when worn > 4-hours
at a time (Ong et al., 2020). The discomfort limits users’ compliance
while frequent readjustments by the user jeopardize his own safety.
Definitely, healthcare workers deserve comfortable respirators!
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7. Is mask a psychological symbol for general public?

For general public, hand hygiene is a more effective strategy for
preventing COVID-19 infection than donning a face mask. The general
public launched huge ‘Google search’ for satisfying their curiosities
even when sufficient information was provided by various government
bodies. The search results for “face mask” outnumbered “washing
hands”. We agree that the scarce availability of face masks might have
prompted the general public to search for possible avenues of procuring
them. This happened despite repeated announcement by the govern-
ment health agencies that mask wearing was not necessary for the
general public (National Health Service, 2020).

Initially, it was a reasonable advice to the vulnerable individuals in
general public to avoid crowded areas and any face masks, especially
when exposed to high-risk areas. Once it was reported that COVID-19
could be transmitted even before the symptom-onset, it was advocated
that community transmission might be reduced if everyone wears a
mask (Zou et al., 2020). Although, there is no scientific evidence, it
sounds logical to cover the mouth and nose to reduce respiratory dro-
plet transmission (Xiao et al., 2020). Members from the general public,
especially some from the younger generation had initial resentment for
covering the face. However, once it became and advisory from gov-
ernment bodies, this generation came out with many creative ideas for
face cover, giving it a fashion sense (Fig. 1). Such masks do not have the
infection control value but provide the user a psychological pseudo-
confidence. However, these creative mask designs certainly have the
potential to become a status symbol!

In past, some sick people (especially those of chemotherapy and
immunosuppression) were advised to wear a face mask for preventing
infections. Also, many people in some Asian countries (Japan and
Korea) used to wear a face mask as a hygienic practice Asian countries).
However, this practice has induced stigmatisation and occasional racial
aggravations during the current pandemic. While WHO has not re-
commended mass masking, we strongly feel that the universal use of
face masks may prevent discrimination of individuals of certain ethni-
city or facial features. We again reiterate that frequent hand-washing
and social distancing are still the most potent infection control methods
for general public. Mask wearing could create a false sense of security
among some individuals, especially those who ignore social distancing
and hand-washing. Public health education needs to emphasise these
aspects to ensure a victory over the Covid-19 pandemic. The common
surgical face mask worn by a Covid-19 patient prevent other people
who come in his close contact. Thus, the universal use of masks in the
community will be effective in reducing the infection spread in the
community. Currently, amid lock-downs of various intensities, mass
masking is certainly important for essential workers who cannot stay at
home. As people return to work, some people with active infection
would start roaming in the community. Mass masking would then be-
come more important to reduce the transmission of infection and pre-
vent the so-called ‘second-wave’.

Any kind of mask that covers the nose and face is being increasingly
recommended for general public during the current Covid-19 pan-
demic, leading to the sudden arrival of multi-colored and fashionable
designs of face covers-which is perhaps the NEW NORMAL!. If Covid-19
pandemic lasts longer, the United Nations may even deem access to ‘the
mask’ a universal fundamental human right. For the time-being, let’s
call 2020 as the “Year of The Mask”.
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