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1  |  INTRODUC TION

The severe acute respiratory syndrome (SARS) outbreak of 2003 
took a huge toll on lives and the economy and highlighted the im-
portance of personal protective equipment (PPE) and face masks for 
front-line staff. 17 years later, the outbreak of SARS coronavirus 2 

(SARS-CoV-2) is significantly more widespread to nations all over the 
world. There is a consistent recommendation of the use of facemasks 
for individuals that show symptoms and for those in healthcare envi-
ronments; however, there is a discrepancy observed when it comes 
to the general public and in communities (MOH, 2020; WHO, 2020). 
There is a stark contrast in the behaviour and requirement for face 
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Abstract
Previous pandemics have shown that facemask use becomes highly popular in pub-
lic settings due to fear of the disease spreading. There is, however, a lack of strong 
scientific evidence that facemasks can significantly reduce the spread of respiratory 
diseases and as such, most governing policies do not mandate these coverings. There 
is a stark contrast between the policies and acceptance of facemasks across differ-
ent geographies. In this work, several data sources have been thoroughly analysed to 
elucidate how viral diseases are transmitted and spread with particular emphasis on 
the novel SARS-CoV-2 virus which is causing an outbreak of COVID-19. The different 
types of facemasks and respirators are also explained, the nature of their design and 
their efficacy is also examined. Several key factors which have been hypothesised 
to contribute to the spread of viral infections are elaborated in detail including the 
effect of temperature and humidity, public transportation systems, population den-
sity, socio-economics and sociology. In this work, data are analysed to explain how 
the disease is spread, how facemasks function and the differences in the number 
of initial cases based on several contributing factors to the spread of disease. There 
are also some dangers in automatically recommending community facemask wearing, 
such as a reduction in the immune system functionality from the reduced exposure to 
microbes and the disposal issues which result from the large-scale use of such materi-
als. The questions of whether facemasks are useful in a community setting or if they 
divert valuable material away from critical healthcare providers are discussed.
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masks between the Western countries such as the United Kingdom 
and the United States of America, compared to eastern countries 
such as China and the Philippines. This article will review the pro-
tective capacity of facemasks whilst comparing and contrasting the 
use of facemasks with infection rates and the spread of the disease.

1.1  |  How is the disease spread?

SARS has been shown to spread most commonly through direct con-
tact to the mucous membrane with infectious respiratory droplets 
or through contact of contaminated surfaces which leads to indi-
rect exposure to the mucous membranes of the eyes, nose or mouth 
(Peiris et al., 2003). It is thought that an infected human host can 
generate particles as small as 100 nm (Roy & Milton, 2004). If the 
outer surface of the protective equipment is not adequately water 
repellent, contaminated droplets can stick to the material and then 
be absorbed into it, if it is also water absorbent (Li et al., 2006). It has 
further been established that SARS-CoV-2 can be shed through the 
oral–faecal route, although modern worldwide sanitary precautions 
significantly reduce that concern (Zhang et al., 2020).

SARS coronaviruses have a size distribution between 60-200 nm 
and are not regularly shaped, in contrast to the influenza virus which 
has a size distribution of 80-1200 nm and has a distinct globular 
shape (Goldsmith et al., 2004; Stanley, 1944). There is a concern that 
viruses can thus have the ability to penetrate through the mask and 
spread via liquid diffusion by a capillary effect as the expelled air will 
moisten the mask (Li et al., 2006). Condensation can occur in the 
masks due to the higher temperature and humidity of expired air; 
these droplets are then expelled during speech and can accelerate 
the wetting of the material. The mechanical act of respiration can 
thus lead to penetration of these droplets, and the mask becomes a 
collector of viruses. These processes are typical physical processes 
of coupled heat transfer and mass transfer in porous materials such 
as can be seen with the common non-woven textiles used as filters 
(Yi et al., 2005). Microbes such as bacteria and viruses can reside on 
surfaces and in masks for a significant period.

Due to the rarity of long-range infections, the current view is that 
the viability of viruses such as influenza A in aerosol form is highly 
limited and therefore less of a concern than large expelled droplets 
and coming into direct contact (Gawn et al., 2008). Aerosols can be 
defined as solid or liquid suspensions in the air that are small enough 
to remain airborne for prolonged periods due to their low settling ve-
locity (Fernstrom & Goldblatt, 2013). The settling time for particles 
of about 5 µm can be over an hour and particles of <3 µm can remain 
airborne indefinitely due to their low mass (Knight, 1980). The act 
of coughing or sneezing can generate a substantial number of parti-
cles which mostly fall within the <5-10 µm range (Nicas et al., 2005). 
These particles then rapidly shrink in size as they traverse the air via 
evaporation and thus behave as aerosols (Lemieux et al., 2007). As 
aerosols remain airborne, they can travel over large distances and 
have the potential to cause long-range infection (Cummins et al., 
2020; Tellier, 2006).

The surface stability and aerosol stability of SARS-CoV-2 was ex-
perimentally evaluated and compared to the SARS-CoV-1 virus (van 
Doremalen et al., 2020). The viability of the viruses was tested in 
five different environmental conditions; on stainless steel, copper, 
plastic, cardboard and as aerosols. SARS-CoV-2 remained viable for 
at least 3 h in aerosol form (<5 μm) and was comparable to the results 
of SARS-CoV-1. The SARS-CoV-2 virus was more stable on stainless 
steel and plastic than on cardboard and copper as the virus could be 
detected 72 h following application onto these surfaces. Another 
study which looked into the coronavirus survival on various surfaces 
used transmissible gastroenteritis virus and mouse hepatitis virus as 
models for the SARS-CoV coronavirus and found that on stainless 
steel, the virus could persist as long as 28 days at a temperature of 
4°C (Casanova et al., 2010).

The isolation rooms of 13 individuals that tested positive with 
COVID-19 were investigated for the transition potential of SARS-
CoV-2 on common personal items such as mobile phones, television 
remotes and exercise equipment (Santarpia et al., 2020). It was found 
that both the symptoms and viral shedding from the individuals con-
siderably varied. Three types of samples were taken: surface, high 
volume air and low volume personal air samples. Overall, 76.5% of 
all personal items tested positive for SARS-CoV-2 under polymerase 
chain reaction sampling. Of the personal items, 81.3% of miscella-
neous personal items such as tablet computers and reading glasses 
showed signs of viral DNA. 83.3% of mobile phones and 64.7% of 
television remotes tested positive for the virus. Of the total room 
surfaces samples, 80.4% tested positive for SARS-CoV-2. Air sam-
ples from the rooms were found to be 63.2% positive whilst samples 
taken in the hallways outside the rooms were 66.7% positive. The 
study suggested the viruses expelled from infected individuals may 
be transported by aerosol processes, even in the absence of a cough 
and also shows the highly transmittable nature of this virus.

The potential transmission of SARS-CoV-2 through the open-
ing of the eyes has not yet been well studied. Coronaviruses have 
been well established to cause ocular infection in various animals 
such as murines and felines (Seah & Agrawal, 2020). A study in 2004 
tested the tears of 36 suspected SARS patients, three were positive 
for the virus and in one case, RNA was found in stool respiratory 
swabs and tear samples (Loon et al., 2004). The study suggested that 
the disease could be spread through ocular tissues and secretions. 
However, it is unclear how the virus may end up in the tears, with 
theories pointing towards the conjunctiva being an inoculation site 
for the virus from infected respiratory tracts (Seah & Agrawal, 2020). 
Concrete evidence that the virus can cause the disease through the 
eyes only is missing and it is not widely believed that this is a means 
for transmission (Chan et al., 2004; Tong & Lai, 2005).

The evidence shown here mostly suggests that the virus is trans-
mitted through aerosolised particles which are thought to be viable 
on surfaces and perhaps even airborne. However, there is no com-
pelling evidence to correlate the presence of SARS-CoV-2 on sur-
faces and air to the infectious viability of the virus. What remains 
evident is that the virus enters the respiratory system through the 
nose or mouth. Facemasks must therefore act as a physical barrier 
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and their efficacy should be determined on a product-to-product 
basis.

1.2  |  What kinds of face masks are there?

Face masks can be defined as any material which creates a protec-
tive barrier between the environment and the entrance of the res-
piratory system, namely the nose and the mouth. Face masks are 
intended to prevent the transmission of infected droplets into the 
wearer's system and to trap pathogenic microbes that may also 
enter through ordinary respiration. Facemasks and respirators come 
in many forms. A respirator can be a full or half-face mask that is 
designed to protect against very hazardous environments commonly 
pertaining to protection against fumes, gases, vapour and harmful 
particulate. In the interest of simplicity, we are including respira-
tors in the same category as ‘face masks’ as they cover the mouth 
and nose of the wearer and can protect against microbes. We can 
broadly define three categories of facemasks with increasing level of 
anticipated protection: cloth facemasks (including home-made), sur-
gical masks and respirators. The main categories of facemasks and 
their attributable properties are illustrated in Figure 1.

A basic personal facemask typically consists of cloth mate-
rial, either synthetic or natural, which is worn across the mouth 
and the nose and comes with elastic straps that maintain a fit to 
the face (Shakya et al., 2017). Nations that commonly see the daily 
use of facemasks happen to fall mostly Asia with countries includ-
ing China, Nepal, Bangladesh, India, Sri Lanka and Indonesia. These 
basic level face protections have no universal standard and offer 

only a first-level protection against large droplets. These facemasks 
are also deemed to be disposable and should be replaced at least 
daily under ideal circumstances as the cloth may harbour microbes 
that can later cause infection. The use and effectiveness of these 
masks in community settings is disputed but it is undeniable that 
even a basic layer of defence would reduce transmission in some 
measurable way. With the high demand for facemasks in epidemics 
like COVID-19, facemask materials become scarce and individuals 
resort to home-made improvised alternatives that aim to cover the 
face with basic cloth materials such as with scarfs. As there is no set 
standard for a basic facemask, it is not entirely possible to determine 
what the microstructure of an ideal protective facemask structure 
may look like (Rengasamy et al., 2010).

Surgical masks are standard procedure in operating theatres 
and are designed to prevent the transmission of infection from the 
surgical site during a procedure (Belkin, 1996). Surgical masks are 
fluid resistant and will protect the wearer from large droplets, they 
will however not protect against small airborne particles. They are 
loose-fitting: they usually include a simple wire strip to be shaped 
around the nose, but they allow leakage from around the edges. The 
Food and Drug Administration (FDA) approves the use of surgical 
masks for operating theatres but their filtration capabilities are not 
regulated. Facemasks that fall in the category of basic and surgical 
do not have a mechanism in which they can fully protect the wearer 
from outside particles and are highly ineffective against respiratory 
infections in the absence of a proper facial seal (Brown, 2019).

Respirators are distinct from normal face masks because they are 
designed to protect against certain pre-defined levels of contaminants 
in the air. N95 filtering respirator facemasks are used to protect the 

F I G U R E  1 Diagrammatic	overview	of	the	major	types	of	masks,	indicating	anticipated	protection	and	based	on	design	and	relative	costs
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human respiratory system from airborne particles that are associated 
with known respiratory and cardiovascular diseases (WHO, 1999). 
The N95 standard of respirator is now most commonly used in indus-
trial and healthcare environments and is considered highly efficient in 
its filtration capability. It was shown that these masks are over 95% 
efficient against penetrating particle sizes between 100 to 300 nm, 
the efficiency against particles over 750 nm increases dramatically to 
over 99.5% (Qian et al., 1998). These N95 rated facemasks are tight-fit-
ting and permit minimal leakage. N95 designations are given to filter 
material that can filter at least 95% of the most penetrating particle 
size, N99 for at least a 99% filtration efficiency and N100 for at least 
99.97% efficiency. High-efficiency particulate arrestance (HEPA) fil-
ters are comparable to N100 filters (Derrick & Gomersall, 2004).

The filters that are used in all the aforementioned facemasks are 
fibrous and are generally constructed from non-woven mats of fine 
fibres. The fibre diameter, porosity (open space between fibre strands) 
and the filter thickness contribute to the efficiency of the filter in trap-
ping particulates (Lee & Liu, 1982). There are three accepted mech-
anisms by which fibres can filtrate: inertial impact, interception and 
diffusion (Ramarao et al., 1994). Inertial impact is the mechanism by 
which larger particles are collected on the fibres due to their large 
size, mass and higher inertia; interception applies to larger particles 
as they pass close to the fibres and become trapped; diffusion is the 
mechanism of trapping smaller particles which are bombarded by the 
air stream and come into contact with the fibres. Electrostatically 
charged non-woven materials can also be used in filtration to improve 
the particulate trapping efficiency as oppositely charged particles are 
attracted to the charged fibrous mesh, this method filters particles of 
all sizes (Wang, 2001). The mechanisms are summarised in (Figure 2).

A classical blue surgical mask was measured to have an average 
pore size of about 19.3 μm with a filter thickness of about 0.3 mm 
(Leonas & Jones, 2003). Conversely, N95 masks have a fibrous fil-
tration membrane with an average fibre diameter of about 7.8 μm 
and with an average membrane thickness of around 1.7 mm (Balazy 
et al., 2005). N95 masks are made of a thinner non-woven polypro-
pylene fibrous mesh than surgical masks, they have a smaller pore 
size and thicker membrane size, all contributing to their increased 
efficiency in filtering small particles, the charge commonly present 
on N95 mask material can further increase filtration (Rengasamy 
et al., 2014). Therefore, physical microstructure of the material plays 
a substantial role in the efficiency of facemasks; however, there 
must also be a balance in the pressure drop of the material whilst 
respiring, which could otherwise make breathing difficult (Grinshpun 
et al., 2009).

2  |  EFFEC TIVENESS OF FACEMA SKS

2.1  |  Facemask use in different countries

The use of personal facemasks is thought to provide the wearer 
with a short-term practical solution against air pollution. It is com-
mon in many developing nations, as exposure to particulate matter 

is associated with respiratory and cardiovascular health deteriora-
tion (Davidson et al., 2005). Therefore, less economically developed 
countries or countries with a high level of air pollution have already 
been accustomed to the regular wearing of personal face masks.

A study into the use of facemasks in the prevention of respiratory 
infection found that individuals were more likely to wear facemasks if 
there was a perceived susceptibility to being exposed to life-threaten-
ing diseases (Sim et al., 2014). They also found that perceived barriers 
preventing the use of facemasks were discomfort but more impor-
tantly embarrassment. Therefore, countries such as China who have 
had outbreaks of viruses in the past decades such as the SARS-CoV-1 
and the Middle East respiratory syndrome (MERS) coronaviruses, see 
their population perceiving a high susceptibility to respiratory dis-
eases. During the peak of the 2003 SARS epidemic in Hong Kong, 76% 
of the population wore a face mask (Lo et al., 2005). Furthermore, the 
normality of public facemasks in China has increased social acceptabil-
ity and therefore there is less embarrassment compared to countries 
with low susceptibility of such previous diseases, such as with the 
United States. A study which investigated the SARS-related percep-
tions in Hong Kong found that over 90% of the respondents believed 
that using facemasks in public was an efficacious means of preventing 
a resurgence of SARS after the pandemic was officially deemed over 
(Lau et al., 2005). The economic impact of China spans across many 

F I G U R E  2 Summary	of	fibrous	filtration	mechanisms;	(a)	
physical factors affecting filtration and (b) mechanisms of filtration
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Asian countries including Korea, Singapore and Malaysia, reducing the 
social stigma attached to the regular use of facemasks.

The United States Surgeon General has publicly advised against 
the purchasing of masks for healthy people as it leads to limited sup-
plies for healthcare services (Feng et al., 2020). Furthermore, commu-
nity facemask use in the United States of America was discouraged in 
the early stages of the pandemic and was often argued to not offer an 
effective protection against infection of coronaviruses (Elachola et al., 
2020). It comes after the supposed lack of evidence that these face 
masks can protect against respiratory infections in community settings 
and has been previously acknowledged in recommendations from in-
fluential European countries such as Germany and the UK. In Germany, 
the initial consensus was that there is not enough evidence to prove 
that a surgical mask can significantly reduce infections and that by its 
wearing in public, it can lull the public into a false sense of security 
(FMH, 2020). In the UK, the government initially said that face masks 
play a very important role in hospitals but there is little evidence that 
they can benefit members of the public (NHS, 2020a). Across Europe, 
it is highly recommended that the public practise proper hand hygiene 
by washing hands with soap and water for at least 20 seconds: and it 
was generally believed that this approach is far more effective than the 
community use of facemasks.

There is significant variation in societal and cultural paradigms for 
the use of face masks between Asian countries, European and North 
American countries. In Asia, as mentioned previously, the stigma at-
tached to the community use of facemasks is very little. However, in 
Europe and North America, there is stigmatisation for healthy peo-
ple wearing facemasks which can cause racial aggravations, revised 
public education is therefore required. If we take the 2003 SARS 
outbreak as an example, the responses between the West and the 
East were very dissimilar. In the West, media imagery of Asian coun-
tries with high infection rates and the majority of the population 
wearing facemasks sparked a symbolism with the disease, that some 
have even compared facemasks with SARS to condoms with HIV/
AIDS (Syed et al., 2003). This type of connotation can lead to cultural 
taboos that reduce compliance with the universal wearing of masks.

However, if there were a universal use of facemasks, some of 
these concerns might be alleviated. The extensive use of facemasks 
is not without concerns: disposal of masks and improper use can 
have huge environmental side effects.

2.2  |  Effectiveness of facemasks

A study into the effectiveness of five 3 M manufactured face masks 
against aerosolised Mycobacterium chelonae abscessus found that 
the efficiencies of these masks were all above 97% (Chen et al., 
1994). This study tested the following masks: (a) Aseptex sub-mi-
cron moulded surgical mask, 1812, (b) 3 M Healthcare Particulate 
Respirator, 1814, (c) 3 M Dust/Mist Respirator, 8715, (d) 3 M 
Dust/Welding Fume Respirator, 9920 and (e) 3 M High Efficiency 
Respirator, 9970 (HEPA). Mycobacterium abscessus are gram-posi-
tive bacteria which are about 500 nm wide with an average length 

between 1 and 3 µm. Although this is much larger than the SARS-
CoV-2 virus, this model is relevant as it is transmitted via aerosolised 
droplets (Aitken et al., 2012; Lee et al., 2015). In the order of the 
listed 3 M-manufactured facemasks, the tested efficiencies were as 
follows: 97.5 ± 0.47%, 98.6 ± 0.22%, 97.2 ± 1.64%, 99.96 ± 0.02% 
and over 99.99 ± <0.01% for the most efficient HEPA respirator.

A cluster-randomised trial compared the household use of surgi-
cal masks, non-fitted N95 masks and no masks in the prevention of 
influenza-like illness (ILI) and was conducted in the winter seasons 
of Australia during 2006 and 2007 (MacIntyre et al., 2009). In this 
study, 286 adults from 143 households were recruited whom had 
been exposed to a child with clinical respiratory illness. It was found 
that the use of face masks significantly reduced the risk of ILI even 
though <50% of the participants wore masks for most of the time. 
The study concluded that the household use of facemasks led to low 
adherence and is likely to be ineffective for controlling seasonal re-
spiratory diseases but in the event of a severe pandemic (such as 
COVID-19), the role of facemasks can be more impactful in the pre-
vention of disease spreading.

It is not beyond logic to expect that home-made masks offer 
some sort of respiratory protection to the user and could impede the 
spread of infectious droplets. Researchers at Cambridge University 
tested the efficacy of home-made masks in preventing influenza 
(Davies et al., 2013). The study involved 21 healthy volunteers aged 
between 20 and 44 who were given facemasks made of improvised 
household fabrics. Volunteers were left to fit their own facemasks, 
being more representative of actual scenarios where the fit would 
differ from person to person. Surgical masks were used as a con-
trol in the experiments. They found that home-made masks signifi-
cantly reduced the number of microorganisms that were expelled; 
however, surgical masks were 3 times more effective than the im-
provised masks at blocking transmission. Against the microorgan-
ism B. atrophaeus, vacuum cleaner bags were found to have a mean 
filtration efficiency of 94.35%, followed by a tea towel at 83.24%, 
cotton T-shirt at 69.42%, antimicrobial pillowcase at 65.62%, scarf 
at 62.30%, linen at 60.00% and silk at 58.00%. The study also con-
cluded that a home-made facemask should only be used as a last 
resort but that it was better than having no protection at all.

A randomised trial of 446 nurses which aimed to investigate the 
effectiveness of surgical masks compared to N95 masks found sim-
ilar instances of confirmed influenza cases within the two groups 
(Loeb et al., 2009). The data suggest that surgical masks and N95 
respirators are similarly effective in reducing the transmission of 
droplets into the respiratory system: 23.6% of surgical mask-wear-
ers had laboratory-confirmed influenza compared to 22.9% of N95 
users. The degree of symptoms in the confirmed cases varied signifi-
cantly, in-line with normal influenza cases. The evidence gathered 
here points to external factors in the spread of disease such as ad-
herence to wearing masks, good hand hygiene and efficiency of the 
individual's immune system.

A recent controlled study in four patients wearing surgical and 
cotton masks evaluated the effectiveness of cotton and surgical 
masks in filtering SARS-CoV-2 (Bae et al., 2020). The study used 
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the influenza virus as a model for SARS-CoV-2 It was found that 
neither cotton nor surgical masks were effective in filtering the 
virus during coughs from the infected patients despite previous 
evidence that they could filter influenza (Johnson et al., 2009). The 
outer surfaces of the masks were found to be highly contaminated 
with the virus, offering additional routes of entry into the respi-
ratory system such as during facemask removal or inhalation. The 
evidence here indicates that comparisons with influenza may not 
be a perfect model and that these masks are not very effective in 
preventing SARS-CoV-2. Meta-analysis of over 20 per-reviewed 
and pre-print studies to assess mask effectiveness at prevent-
ing respiratory viral infections in humans has suggested that 
mask-wearers had up to a one-third reduction in infection from 
all respiratory viruses compared to the control group (Relative 
Risk = 0.65 (confidence interval 0.47-0.92); Liang et al., 2020). 
Recent studies have shown the effectiveness of facemasks and 
face shields among health workers in highly prevalent infection 
settings (Bhaskar & Arun, 2020; Wang et al., 2020).

Polymeric nanofibres have been studied in laboratory settings 
for decades now and have proven to provide superior filtration ef-
ficiency compared to micro-sized fibres commonly utilised in most 
facemasks (Li et al., 2019; Leung & Sun, 2020; Zhang et al., 2019). 
As viruses are typically within the size range of 20–200 nm, they 
can freely penetrate classical microfilters: nanofibrous polymeric 
non-woven materials can filter out more than 99% of such small 
particles (Zeytuncu et al., 2018). The major obstacle with translating 
this technology into the manufacturing industry has generally been 
the slow rate of production, however, recently newer techniques 
have been developed that allow masses of fibres to be produced in 
less time (Alenezi et al., 2019; Czigany & Ronkay, 2020; Heseltine 
et al., 2018; Hong et al., 2019; Molnar & Meszaros, 2020). The use of 
nanofibrous materials also reduces the thickness of the membrane 
required for efficient filtration, reducing the polymer trail left by the 
pandemics.

2.3  |  Factors that affect the spread of disease

There are many external factors involved in the spread of disease 
that are specific to geographical location, governmental policies, 
traditions and cultures. Geography plays a huge influence in the 
spread of disease as hard-to-reach areas will naturally see slower 
spread due to the difficulty in traversing the land. Furthermore, 
geography dictates the fertility and water availability of land which 
can sustain higher population densities. Diseases spread faster 
when people interacting in close proximity is the norm (Tarwater 
& Martin, 2001).

2.3.1  |  Temperature and humidity

Temperature is associated with permitting the fusion of viruses 
into the cellular membrane of hosts which allows them to enter 

cells and replicate: viruses at low temperatures don't efficiently 
fuse and therefore cannot inject their genetic material (Brunner 
et al., 1991; Yunus et al., 2010). However, low environmental tem-
peratures do not affect the person-to-person transmission rate 
of diseases. Relative humidity (RH) describes the water vapour 
holding capacity of air at a given temperature whilst absolute hu-
midity (AH) measures the mass of water in the air. In a study with 
guinea pigs and the transmission of Influenza A, it was found that 
increased transmission occurred at low temperatures and low hu-
midity (Lowen et al., 2007). A separate group reanalysed the data 
and found that there was a very strong correlation between ab-
solute humidity and the data presented (Shaman & Kohn, 2009). 
Shaman et al. (2010) found that the relationship between AH and 
virus survival rates mirrored observations in the United States 
of America, where low AH environments would result in influ-
enza epidemics following a two-week lag phase of general flu 
infections.

As previously mentioned, a study into the survival of two 
pathogenic viruses found that the viruses could be viable on stain-
less steel for up to 28 days at an air temperature of 4°C (Casanova 
et al., 2010). They found that at an RH of 20%, the lowest level of 
inactivation occurred. The relationship between RH and inactiva-
tion was not monotonic, at a low RH of 20% and a high RH of 80%, 
the virus seems to be the most resilient. At an air temperature of 
20°C, inactivation of the viruses was higher, which indicates that 
the virus is less resistant to higher temperatures. In a further six 
studies into the effect of humidity and temperature on the sur-
vival of the influenza virus, four studies found that survival in-
creased monotonically with low RH (Harper, 1961; Hemmes et al., 
1960; Hood, 1963; Loosli et al., 1943). The two other studies ob-
served a bimodal relationship with survival being highest at low 
RH, minimal at a medium RH and moderate at a high RH (Schaffer 
et al., 1976; Shechmeister, 1950). In examining the effect of RH 
and temperature on the aerosol transmission viability, a study 
showed that transmission decreases as temperature increases 
from 5 to 20°C and is shown to have halted completely at 30°C 
(Lowen et al., 2008).

In analysing seasonal patterns of Influenza in varying temperate 
and tropical regions, a study found that epidemics predominately 
occur during the winter months when it is cool and dry and solar 
radiation is low, this trend is also observed in countries across sev-
eral latitudes worldwide (Tamerius et al., 2011). It was also observed 
that the seasonal activity of influenza in the tropics appeared to be 
greater during the rainy seasons.

There is some evidence that humidity affects the immune func-
tion of humans, it is thought that the inhalation of dry air inhibits the 
mucociliary clearance which is normally the self-clearing protective 
mechanism of the respiratory tract, dried out membranes are more 
prone to viral infection as this protective layer dries out (Antunes & 
Cohen, 2007; Salah et al., 1988). Furthermore, the inhibition of this 
mucociliary clearance in cold climates due to the inhalation of cold 
air is thought to have a negative outcome on the immune function 
too (Baetjer, 1967).
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Countries with warmer climates such as in Asia often have ubiq-
uitous air conditioning setups which are standard in most retail and 
hospitality environments. The use of air conditioning can often be a 
substitute for poor ventilation such as in crowded or highly polluted 
cities where many rooms are built without window facilities. A case 
study into the spread of COVID-19 associated with air conditioning 
in China found evidence that infectious droplet transmission was 
prompted by the ventilation of air conditioning units in a restaurant 
(Jianyun et al., 2020). The study also found that the direction of air-
flow was a key factor for infection where recirculated air could have 
the potential to infect.

The effect of temperature on the frequency of social gatherings 
must also be taken into consideration: in temperate climates such as in 
the United Kingdom, the warmer weather attracts masses of people 
to communal parks, restaurants and pubs which significantly increase 
the rate of infection for respiratory diseases (Willem et al., 2012). 
These events make it difficult to discern the difference between the 
effects of higher temperatures on the spread of viruses as opposed 
to lower temperatures, when people are more likely to stay indoors. 
In high humidity scenarios, breathing can become increasingly dif-
ficult, as respiratory diseases such as SARS and COVID-19 further 
affect breathing, this weather pattern can exacerbate symptoms and 
lead to a higher toll on the healthcare system (Wanka et al., 2014). 
Conversely, at very low humidity, the respiratory tract can become 
irritated, this results in seasonal coughs which can cause virus parti-
cles to be more frequently and vigorously expelled from individuals, 
contributing to the increased spread of disease (Mäkinen et al., 2009).

As the survival of viruses depends on their ability to replicate, 
and their dependency on a living host, viruses have a limited lifespan 
away from the body (Pirtle & Beran, 1991). In particular, the SARS-
CoV-2 virus requires mammalian hosts as they have a complex re-
spiratory system which is needed for the virus's survival (Lai et al., 
2020). The virus still retains a limited viability on surfaces and in 
aerosol form, where it ‘waits’ in the hope of being passed onto an-
other host. Viruses released from an infected host are encapsulated 
and protected within cough droplets. High temperature and low 
humidity increase the rate of evaporation, it can be theorised that 
the virus will not survive if these droplets dry out (Linacre, 1977). 
Therefore, low humidity and high temperature may contribute to the 
reduction in viral viability in an environmental capacity by deacti-
vation. Additionally, studies have shown that ultraviolet B radiation 
increases the inactivation rates of viruses (Welliver, 2009).

2.3.2  |  Public transportation systems

Human travel undoubtedly plays a key role in the spread of infec-
tion. COVID-19 had its epicentre of infection in Wuhan, China and 
in a matter of months, spread across nearly all the countries in the 
world. California, a highly populous American state, sees frequent 
annual epidemics of respiratory diseases which is likely due to 
its large population and high volume of air traffic (Balcan et al., 
2009; Viboud et al., 2006). Air travel is thus a major contributor for 

spread, but as the majority of flights were grounded in response to 
the epidemic, the focus shifted to ground transportation systems 
as a means of viral transmission. Transportation hubs can serve as 
epidemic centres and countries with extensive transportation net-
works such as in the United States and Asia can be expected to 
have a wider initial spread of the virus. The idea that public trans-
port systems pose a higher risk of viral transmission comes from 
the fact that one encounters a higher occupant density, high likeli-
hood of overcrowding in an enclosed place, poor ventilation which 
may also recirculate contaminated air and there is a significant du-
ration of exposure to potentially infected individuals (Nasir et al., 
2016; Tatem et al., 2006).

In judging the public transport systems around the world, there 
are a few cities which are renowned for their sheer carrying capac-
ity and interconnectivity. Hong Kong, Tokyo, Singapore, New York, 
Seoul, Paris, Madrid, Shanghai, Berlin and London are among the 
top. These cities are spread across three continents, North America, 
Europe and Asia and are situated in eight countries; China, Japan, 
Singapore, USA, France, Spain, Germany and the UK. These coun-
tries contain notable transportation systems that link key areas of 
important workplaces to commuters over the city and therefore 
carry masses of people in which the spread of disease can be am-
plified. In looking at the factors associated with disease spread and 
public transport, one must investigate post-epidemic public trans-
port conduct such as facemask compliance, closure of lines/services 
and relative footfall.

2.3.3  |  Population density

Population density describes the spread of people within a given 
area of land. It goes within reason that the increase in population 
density will contribute to a greater spread of disease if other precau-
tions are not taken. Increased population density puts individuals 
closer together: with such a highly contagious and infectious disease 
as COVID-19, this factor can lead to rapid widespread transmission. 
Studies into the effect of climate factors and population density of 
viral chickenpox and measles found that population density is a con-
tributing factor to the number of cases seen in countries with a high 
population density such as India (Lolekha et al., 2001; Singh & Datta, 
1997).

Cruise ships show a good example of large population densi-
ties which involve many people who are confined to a limited space 
over a significant period. One particularly notable case was on the 
Diamond Princess where the density of people was estimated to be 
four times that of the epicentre region Wuhan, which led to a large 
proportion getting infected with COVID-19 (Rocklöv et al., 2020). 
In modelling the daily reproductive number of COVID-19, there is 
a strong relationship between the contact rate and the population 
density. This model shows that there is an increased rate of trans-
mission of the disease in large social gatherings such as a 50,000 
crowd music/sports event where the density is extremely high 
(Rocklöv & Sjödin, 2020).
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2.3.4  |  Socio-economics

There have been some studies on the relationship between socio-
economic status and the risk of becoming infected. Many studies 
conclude that a lower socio-economic status increases the general 
risk of infection (Brownstein et al., 2007; Sloan et al., 2011). A low 
socio-economic status itself is not a cause of infection; however, in-
dividuals with a lower socio-economic status tend to be associated 
with higher risk factors such as smoking, poor diet and living in very 
close proximity to each other (Alraddadi et al., 2016). The differ-
ence in lifestyle choices can be attributed to longer working hours in 
lower-skilled jobs, difficulty in accessing effective healthcare, over-
crowded households and barriers in communication (Dunn, 2002; 
Mashreky et al., 2010; Nicholson, 1996).

A country's distribution in the sectors of its economy can have a 
marked difference in the potential for a disease to spread. In a country 
where the majority of its economy falls in the primary sector, there 
may be fewer transport links and a lesser need for the population to 
congregate frequently in one common location such as supermar-
kets and shopping centres. Primary sectors mostly include farming, 
fishing and mining and usually involve large areas of land with a low 
density of people; demand for these jobs is lower than other sectors 
and as such, deep infrastructure to well-connected cities may not be 
required (Kenessey, 1987). Conversely, in a country where the dom-
inant sector is secondary, there will be an influx of people to large 
cities and close living proximities, as jobs such as manufacturing 
and food processing see very high demands. Shenzhen, China, sees 
such huge demands for work that the population transformed from 
under 50,000 people in 2010 to over 10 million currently (Lindtner 
et al., 2015). In the recent COVID-19 epidemic, countries resorted 
to lockdown measures, however, primary and secondary sectors are 
essential in sustaining the economy of the country and other coun-
tries which rely on exports of its resources. Therefore, primary and 
secondary sectors cannot completely shut down, leading to high 
levels of public transportation and person-to-person transmission 
of viruses. Countries which predominantly have tertiary or services 
sectors can afford to have a large proportion of employees working 
remotely, this means that there is less of a toll on the public transpor-
tation systems, contributing to some reduction in the transmission 
of disease.

2.3.5  |  Social norms, culture and traditions

Socially accepted behavioural patterns can alter a region's way of 
life and thus how human interactions contribute to the person-
to-person transmission of disease. For example, in countries such 
as in the Middle East, South America and Asia, it is traditional to 
have frequent large gatherings in which family and friends will 
congregate in substantial numbers to share food. These occasions 
commonly see individuals in very close proximity which can lead 
to high rates of transmission of viruses. Conversely, in large met-
ropolitan cities in the west such as Los Angeles and London, large 

family-orientated gatherings are less common as dining space is 
more premium and the nature of city work doesn't permit such fre-
quent activities. However, community behaviour in metropolitan 
areas is very different, individuals are exposed to a larger num-
ber of people to whom they are not related to. A study into the 
closeness of adolescents to their family found large discrepancies 
between countries in different regions, in Italy the family occupied 
a more central role, whilst in Canada, friends were shown to be 
more central (Claes, 1998). In countries where family-oriented life 
is more prevalent, it is often simple to map the spread of disease, 
contact tracing is therefore more difficult in metropolitan areas. In 
the Ebola outbreak of 2014, thorough contact tracing and subse-
quent quarantine of infected individuals led to the prompt eradica-
tion of the disease (Olu et al., 2016).

Culture and tradition can also provide behavioural cues that can 
increase the transmission of disease. Greetings are a common mode 
of social interaction which are seen universally in different manifes-
tations. In North America and many parts of Europe, handshaking is 
a very common form of greeting that is used in professional settings 
as well as in other social situations. Shaking of hands is known to 
be able to transmit viable viruses person-to-person (Guarner, 2020; 
Rheinbaben et al., 2000). Social distancing may negate some of 
these contact behaviours, but others are more difficult to stop as 
they are embedded deep into tradition. For example, in countries 
such as Italy and Spain, greetings which involve kisses are very com-
mon, family and friends are greeted this way as a norm and these 
practices often go unnoticed to the individuals, whilst the proximity 
of such contact increases the risk of viral infections. These traditions 
however are not just confined to certain continents as they are com-
mon in many countries in South America, Europe and some Middle 
Eastern countries.

2.4  |  International policies to prevent the 
spread of infection

As the most accepted and recognised form of transmission of the 
disease is through close contact with infected individuals, the United 
States Centre for Disease Control (US CDC) has advised people to 
keep a distance of at least 1.8 m from each other (CDC, 2020a). 
As the US CDC holds a lot of influence over the entire world, this 
measure is widely adopted in almost every country and can be re-
ferred to as the 2 m social distancing rule. However, many believe 
that 2 m is not an adequate distance to prevent the spread of in-
fection. In a recent study into the aerosol and surface distribution 
of the SARS-CoV-2 virus in hospital wards, the aerosol distribution 
characteristics of the highly contagious virus showed signs that the 
transmission distance could be up to 4 m (Zhen-Dong et al., 2020).

Before the severity of COVID-19 was fully understood, many 
countries tried to suppress the spread of the virus with public 
awareness of the importance of washing their hands frequently 
throughout the day. Hands are a vector for viral transmission as they 
regularly touch infected surfaces; the average person touches their 
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nose and mouth over 20 times in an hour, leading to viral contamina-
tion (Kwok et al., 2015). Soap and alcohol-based hand sanitisers are 
highly effective in deactivating viruses by destroying their cell mem-
brane and causing leakage of their contents (Grayson et al., 2009). 
North American and European countries such as the UK advise their 
residents to frequently wash their hands with soap and water for 
at least 20 s in order to kill the virus and reduce transmission (NHS, 
2020b).

Wearing of facemasks in public has not yet been legally en-
forced in most countries worldwide. Until late May 2020, USA ad-
vised against community facemask use due to the negative impact it 
will have on the supplies to healthcare workers. However, the CDC 
is now advising people to wear a cloth face cover when in public 
(CDC, 2020b). The World Health Organization recommended face-
masks to only those taking care of patients who have tested posi-
tive for COVID-19 and advises that healthy people need not wear 
such masks (WHO, 2020a). However, since 5 June 2020, the World 
Health Organization had begun to recommend face-covering in all 
public settings (WHO, 2020b).

Governments of countries such as the UK and Singapore had ini-
tially urged the public not to wear facemasks to ensure that valuable 
supplies for care workers were not being used up. Czech Republic 
was the first European country to mandate facemasks as early as 
March 18 2020, in just 10 days, almost the entirety of the population 
used masks made mostly from common household fabrics such as 
old t-shirts (Garcia, 2020). Slovakia, Bosnia and Herzegovina, Poland 
and Austria have also mandated public use of facemasks. In Africa, 
Morocco made public facemasks mandatory from April 7, 2020, the 
rule was heavily enforced and violation could result in a three-month 
prison sentence and a fine of about 130 US dollars.

Germany, a high-profile European Union country, made face-
masks compulsory on public transport and during shopping in late 
April 2020. On 2 May 2020, Spain followed suit and made facemasks 
on public transport compulsory. However, influential nations such as 
USA, France and UK hesitated to mandate community facemask use 
due to the lack of evidence of its effectiveness and fear of supply 
shortages. The governor of New York, USA has ordered residents to 
wear masks in public. On 15 June 2020, a policy came into place that 
residents of the UK were to wear face coverings on public transport 
or not be allowed travel, this came as new guidance that face cover-
ings should be worn in situations where social distancing is not feasi-
ble, such as in indoors places. Governments that have made the use 
of facemasks compulsory in public have not specified standards of 
facemasks to use, they merely stipulate the covering of the face and 
nose, the effectiveness of which against the transmission of viruses 
is unknown. Furthermore, there is no control over the re-usability 
of facemasks, non-adherence to procedures for the disposal of such 
masks may lead to a higher spread of the disease. On 28 June 2020, 
Iran announced the compulsory wearing of facemasks in public after 
dealing with a second peak in cases following no initial enforced 
lockdown or mask policy. As of 8 August 2020, the use of face cov-
erings is mandatory in many indoor settings such as museums and 
places of worship in the United Kingdom.

3  |  DATA ON THE USE OF FACEMA SKS

3.1  |  Comparing infection rates

There are many factors to consider when trying to determine how 
well a country responds to prevent the spread of infection. The 
virus testing protocols for the different countries are not equivalent: 
they differ drastically and are not correlated with their geographi-
cal or political standpoints. As countries take different approaches, 
there may be key elements in their protocols and policies that have 
reduced the number of infections and the number of subsequent 
deaths, this may well be the adherence to community facemask 
wearing. Figure 3 shows the weekly cases for the most affected 
countries from each affected continent.

The most affected country in the world, as of 21 June 2020, has 
been the USA. By far, this nation has the highest number of labo-
ratory-confirmed cases and was the first country to have exceed a 
million cases. Adjusted for population size, the UK and USA (also 
the most affected countries in the world) have had their peaks at 
almost the same time (about 5 weeks after the 100th case), they 
also have had very similar behaviours regarding lockdown and face-
mask measures. We can also see that the earlier the lockdowns were 
placed, the less the cases rise (per million population) and sooner the 
first peaks appear. Brazil had a very late lockdown response (over 
7 weeks after the 100th case) and therefore sees a very high in-
crease in infections and cases per million. Currently, Brazil is on a 
very steep COVID-19 infection trajectory and is already amongst 
the highest number of cases per population of any country in the 
world. The socio-economics of Brazil put it unfavourably against the 
COVID-19 outbreak, the vast portion of its inhabitants are unable 
to access the necessary healthcare services to fight the disease. 
Furthermore, there may be less acceptance of lockdown measures 
as the population already faces danger from many other diseases 
and lockdown measures have a detrimental effect on their ability to 
provide families with food to survive. Additionally, millions will not 
be able to afford face masks, which could potentially increase the 
rate of infection.

The number of cases seen in the USA is alarmingly high, this 
could be due to how late the lockdown was enforced onto its popu-
lation, allowing the virus to spread more widely through the popu-
lation. The USA had no facemask policy before lockdown measures 
were announced, and as of August 10 2020, still have not mandated 
coverings completely onto its entire population. Countries such as 
the USA and the UK have exceptionally good transport links which 
see high daily footfall, therefore it can be expected that these coun-
tries see sharp spikes during the initial stage of a pandemic where 
the impact of mass travel follows the rapid distribution of the 
virus throughout the country's main transportation hub locations. 
Therefore developing modelling frameworks of facemask use, whilst 
being academically beneficial, are only effective at certain time-
points and are not universally applicable (Stutt et al., 2020).

At the epicentre of the pandemic, China has been the worst af-
fected country in Asia, however, it has seen a large relative peak in its 
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4th week after the initial 100th case and has not seen a subsequent 
rise in the number of cases since. China has become the leading man-
ufacturer of cloth facemasks and is responsible for the majority of 
global supplies, it also has a population which adheres strictly to the 
use of face masks (Wu et al., 2020). Compared to North America and 
Europe, the lockdown strategies in Wuhan, China, were thought to 
be much stricter, restricting the movement of individuals to a greater 
extent (Lu, 2020; Pulla, 2020). Another observation that could be 
made is the effect of temperature as a factor in the spread of dis-
ease. In the western hemisphere, at the time of the outbreak, tem-
peratures were lower. In south Asia however, temperatures were 
much higher, which could have contributed to a reduction in the 
viability of the virus. South Korea and China, both in their winter 
stages, saw a large number of cases, similar to the trajectory of the 
early stages in Europe. Countries such as India, Singapore, Malaysia 
and Thailand, had very high temperatures during March 2020, the 
month which saw the steepest worldwide rise in cases.

Generally, we can see that the sooner the lockdown measures 
were enforced, the sooner the first peak arises with a lower number 
of cases per population. It can also be observed that the number of 
cases decreases rapidly, only after an initial peak has been formed, 
possibly indicating a natural limit for the spread of the virus. For ex-
ample, South Africa had taken one of the earliest lockdown mea-
sures and has been able to keep a relatively low number of cases 
per population rate compared to other countries, however, it has not 
seen its first peak as compared to the other countries in the data, 
indicating that the measures have managed to suppress a peak in 
cases. However, it seems that South Africa too is on a trajectory for 
a rapid increase in cases, following a relatively slow initial rise. The 
data presented here suggest that lockdown measures are effective 
in reducing the spread of the disease, but as most countries initially 
chose to lockdown instead of applying a mask-only policy we can-
not deduce the effect of a community facemask policy without tak-
ing into consideration the profound effects of lockdown and social 
distancing.

As mentioned before, most countries took to lockdown mea-
sures as the first resort against the spread of widespread infection 
for their residents as opposed to enforcing facemask laws. Figure 4 
shows the logarithmic seven-day running average profiles for ten 
of the most affected countries which did not mandate public face-
masks, the vertical blue line shows the relative date of lockdown 
measures. When movement restrictions are imposed, a change in 
the rate can be detected about ten days later. If facemasks are ef-
fective, then we expect to see a similar effect in a comparable time 
after mask-wearing is mandated. The time axis shows the number 
of days after the total number of cases for the country in question 
has exceeded 100. Daily cases are reported as a seven-day running 
average. Solid vertical lines show when movement restrictions were 
imposed. Logarithms of numbers of cases per million are used at 
the early stages of an epidemic, when cases rise exponentially. At 
the natural epicentre of the disease in China, strict lockdown mea-
sures saw a significant reduction in the number of cases following a 
peak in cases which was observed about 20 days following the first 

notable batch of cases. There is roughly a 10-day delay from when 
restrictions are enforced onto the public and to where there is a no-
ticeable change in the number of cases, this is most likely due to the 
incubation period of COVID-19 which is typically around 7-10 days 
until symptoms start showing and tests would be carried out, for this 
reason UK was considered a country where facemasks had not yet 
been mandated (Lauer et al., 2020; Singhal, 2020). Comparable plots 
of the numbers of deaths show peaks after about 20 days. Countries 
which had their lockdowns enforced around the same relative time 
such as the USA, UK and Italy, see peaks in cases at around the 30th 
day. Interestingly, these three countries are also amongst the most 
affected in the world, which could potentially suggest that the virus 
may give an initial natural peak about 30 days from the first nota-
ble infection when social distancing measures are put into place. 
Iran and South Korea, the two countries on the list with no formal 
restriction of movement, do not see the same profile in the num-
ber of cases as is observed with countries that have imposed these 
measures. Therefore, the reduction in the number of cases in these 
countries will be down to other key factors such as efficient testing 
and isolating, general public facemask adherence and public aware-
ness of localised outbreaks (such as a track and trace system). South 
Korea has been known to have world-leading testing and contact 
tracing systems, typically follows a high adherence to public face-
mask wearing typical of east Asian countries and also has a public 
government-backed alert system for COVID-19 cases (Park, Choi, 
et al., 2020; Park, Kim, et al., 2020; Salathé et al., 2020).

It can also be noted from Figure 4 that there are two countries 
which did not officially enforce a public lockdown, these countries 
are Iran and South Korea. However, South Korea has seen a large 
number of cases during previous pandemics and as such, the govern-
ment and the public are more prepared, general acceptance of face-
mask adherence as well as world-leading track and trace systems 
have led to the containment of the virus. Conversely, if we look at 
Iran, there was no official country-wide lockdown or need for face-
masks. As such, the country is in the beginning of a second rise in 
infection rates as the daily totals have increased following the first 
peak (Strzelecki, 2020). This second rise in infections could outgrow 
the first and is an indication that social distancing measures, through 
the use of enforced lockdowns, do aid to reduce the infection rate 
of the virus.

Some ten countries with large numbers of COVID-19 cases have 
mandated the community use of facemasks about a couple of weeks 
after lockdown measures, with the intention to further reduce the 
spread of disease in their populations. Figure 5 shows the log pro-
files in their case numbers, the blue vertical line marks lockdown 
measures and the dotted line indicates the date of facemask policy. 
We can see that there is a falloff in cases following 10 days from 
lockdown dates, this is due to the virus being able to come into con-
tact with fewer people as they isolate and reduce social contact. 
Morocco, which did not have a complete lockdown policy does not 
see a rise in cases typical as other countries which did, this could in-
dicate that the peak of cases has not been met within the timeframe 
of the data. When we compare the profiles of all the countries which 
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did eventually mandate facemasks, the reduction in the number of 
cases is in-line with the expected projection of cases resulting from 
movement restrictions and social distancing. If facemask wearing 
were to significantly decrease the number of infections, we would 
expect a greater fall in numbers. In most cases, the insistence on 
facemasks was introduced at the same time as some relaxation of 
restrictions on travel and assembly, but there is no reliable way of 
accounting for those changes. Overall, we would interpret this as 
suggesting that the wearing of facemasks reduced the spread of the 
pandemic, but to an extent that we cannot quantify. We note that a 
recent meta-survey concluded that facemasks had a significant ef-
fect in reducing the spread of infection, but that the certainty of the 
evidence was low (Chu et al., 2020).

There are many factors to consider which can contribute to the 
spread of disease. Firstly, testing methodologies differ widely from 
country to country; the numbers publicly provided globally may not 
represent the total number of actual cases in a country. In trying 
to discern the effect of facemasks on the rate of infection, health-
care practices, socio-economics, lifestyle, the effect of lockdown 
and many other key features must be accounted for. From the data 
presented, we cannot conclusively deduce that facemasks reduce 
the spread of infection; however, countries which did not mandate 
facemasks have not seen significant deviation in the case profiles. 
The data therefore suggest that lockdown measures have a clearly 
visible effect in the management of a pandemic, but the evidence for 
the effect of facemasks is much weaker. It is important to note that 
behavioural changes could be observed following the initial spread 
of the disease by late February, as people understood the severity 
of the pandemic and anticipated movement restrictions. Although 
we draw sharp lines on our graphs to mark when restrictions were 

legally imposed, in most cases the public's behaviour had started to 
change several days or months before official lockdown or facemask 
policies were enforced.

3.2  |  Dangers in advising community 
facemask wearing

One of the issues relating to the constant use of facemasks and 
higher than normal disinfection of surfaces and hands is the risk 
that it poses to the human immune system. The immune system is a 
highly complex system of cells and signals which is ever developing, 
its potency reduces with age and is also thought to be affected by a 
reduced exposure to a variety of microbes. It is found that exposure 
to various microbes at the developing stages of human life has posi-
tive effects on the T cell function of the immune system which can 
persist into adult life and beyond (Kelly et al., 2007; Olszak et al., 
2012). Therefore, the immune system is highly adaptive, constantly 
learning and developing; to reduce exposure to the multitude of 
‘normal microbes’ present in the environment via the use of face-
masks and disinfection, can lead to the decreased efficiency caused 
by ‘undertrained immune cells’. The overuse of disinfection and hand 
sanitation leads to the destruction of bacteria and other microbes 
that may have a symbiotic relationship with the skin and the normal 
function of the immune system (Gallo & Nakatsuji, 2011). The im-
mune system may quickly adapt to the new conditions that lockdown 
imposes, such as physical isolation, covering of external respiratory 
system and disinfection. Following these restrictions, it may cause 
individuals to become overly susceptible to immune system attacks 
from bacteria and viruses, not being limited to just COVID-19.

F I G U R E  3 Graph	showing	the	average	weekly	cases	in	the	most	affected	countries	from	each	continent,	the	relative	lockdown	dates	
from the 100th recorded case are colour-coded and labelled. Data obtained from the ECDC publicly available database (ECDC, 2020)
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As the exterior of the masks is exposed to the environment, the 
pressure differential between the respiratory tract and the mask 
cause virus particles to be lodged onto the outside of the mask. This 
creates a high concentration of viruses at the exposed end of the 
mask, which can be subsequently touched inadvertently. Because 
the concentration of virus is so high at these points, this can lead to 
an increased chance of infection for the wearer or people in proxim-
ity. Facemasks can also lull the wearer into a false sense of security 
which may see them take risks which they may not otherwise have 
taken without the protection of a facemask. As there is no scientific 
evidence to suggest that facemasks are a complete barrier to respi-
ratory infections, the public perception that facemasks may stop in-
fections could be dangerous.

Another potential issue with the large-scale use of facemasks is the 
logistical problem we will face in the disposal of face masks. Polymers 
such as polypropylene can take over 20 years to completely decom-
pose in landfills, causing environmental concerns to wildlife and air 
quality. As polymers are a necessary class of materials that are required 
in healthcare for sterilisation reasons, the public view on plastics after 

the epidemic may be so negative that it will influence a decline in its 
use in healthcare industry (Czigany & Ronkay, 2020). Furthermore, the 
short-term disposal of the masks could create a selection pressure for 
viral growth that may see a rise in serious mutations, similar to what we 
see with bacteria and other viruses (Banke et al., 2009; Bartholomeusz 
& Locarnini, 2006). If masks were to be disposed of in bins for example, 
the viruses still present on them would eventually die with no host pres-
ent, but a few remaining viruses will naturally be more resilient. With 
the improper disposal of masks, there may be a higher concentration 
of resilient viruses that can subsequently infect individuals who are not 
careful with waste systems.

Furthermore, if facemasks where to be mandated, there would 
be no policing or standard behind the level of protection users may 
have. For example, a facemask may be a basic cloth mask all the way 
up to an N99 mask which offers maximal protection. Members of the 
population with a lower income may not be able to regularly acquire 
effective cloth material and thus will be exposed to the virus at a 
greater extent, putting both themselves and other members of the 
public at higher risk.

F I G U R E  4 Daily	data	for	countries	which	did	not	initially	mandate	facemasks.	The	blue	lines	show	the	reported	data,	red	dashed	lines	are	
three-parameter fit smooth curves fitted from day 1 up to 10 days after the imposition of movement restrictions (or to all the data where 
there were no movement restrictions), and green dashed curves are a three-parameter fit to the remainder of the data. Data obtained from 
the ECDC publicly available database (ECDC, 2020)
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4  |  CONCLUSIONS

Facemasks are routinely used by healthcare workers to prevent the 
entry of droplets into their respiratory tract, it is therefore reasona-
ble to expect that the use of such masks will have a positive effect in 
the prevention of transmission. As the disease is known to spread via 
asymptomatic carriers, the wearing of facemasks may help to reduce 
the spread of the disease. However, the effectiveness of facemasks 
differs greatly with the complexity of the mask material, air-tight seal 
and adherence to keeping it worn. Therefore, we cannot say that 
mandating facemasks will have a profound positive effect in the re-
duction of the spread. This depends more on the public's awareness 
of how disease spreads, to maintain distance from infectious aero-
sols, to wear facemasks for the entire duration of public exposure, 
to dispose of masks without touching the exterior and to maintain a 
full seal at all times.

When epidemics begin, we always seem to see a high demand 
for facemasks which exacerbates the global supply shortage and in-
creases pricing. This can have an adverse effect on the transmission of 

the disease and the local economy. If there is a shortage of supply of 
face masks to healthcare settings, the spread can be worsened in the 
long run as nurses and doctors get infected and can no longer treat the 
infected. In conclusion, from the data shown, there is no conclusive 
evidence that facemasks themselves significantly reduce the spread 
of infection; however, there is evidence to strongly suggest that social 
distancing measures reduce infection rates. Many important factors 
work together to determine the spread of infectious diseases. There 
is therefore no evidence to suggest that facemasks worsen the spread 
and thus the wearing of facemasks can perhaps be a supplementary 
mode of action to reduce disease spread following the initial peak of a 
pandemic when the infection rate is lower.
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