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Coronavirus Disease 2019 (COVID-19) caused by Severe Acute Respiratory 
Syndrome Coronavirus 2 (SARS-CoV-2) has badly impacted the public health, 
economy, and social life in the entire world. Healthcare professionals and 
community people are using surgical masks as a protective measure to 
prevent SARS-CoV-2 from entering the respiratory tract. This paper briefly 
reviews and discusses the source control mechanisms and protection 
efficiency of surgical masks against COVID-19. Scholarly articles, reports, 
and guidelines were searched to gather information regarding the 
performance of surgical masks. It has been found that they are not very 
effective to prevent the penetration of virus particles into the respiratory 
tract. More than 10% of the virus particles in the 10–80 nm size range can 
penetrate high-barrier surgical masks at a low inhalation flowrate of 30 
L/min whereas it can be above 20% at a high inhalation flowrate of 85 
L/min. The penetration level of virus particles could be extremely high (≥ 
80%) for low-barrier surgical masks at both low and high inhalation 
flowrates. However, many studies implied that surgical masks can be used 
effectively as a means of source control to minimize the onward 
transmission of SARS-CoV-2 from symptomatic and pre-symptomatic or 
asymptomatic COVID-19 patients. They are useful to lessen the load of virus-
bearing respiratory droplets (≥ 5 µm) and aerosols (< 5 µm) in the air if 
worn by infected people. Moreover, surgical masks can reduce the inward 
transmission of SARS-CoV-2 into susceptible persons although they are not 
as effective as respirators. Surgical masks can also be used along with other 
protective means such as physical distancing, face shields, and surgical N95 
respirators to provide enhanced protection for the healthcare personnel 
looking after COVID-19 patients. Such uses of surgical masks would play a 
vital role to reduce the community transmission of COVID-19. 
 
Keywords: Aerosols, COVID-19, inward transmission, onward transmission, 
protection efficiency, respiratory droplets, SARS-CoV-2, source control, surgical 
masks.

 
 
INTRODUCTION 
 
Coronavirus Disease 2019 (COVID-19), a highly contagious 
disease, has caused a pandemic for the world. Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is the 
perpetrator of this disease (Pal et al., 2020; Lai et al., 2020) 
and it is transmittable from human to human through 
respiratory secretions generated by expiratory activities 

(e.g., breathing, speaking, laughing, coughing, and sneezing) 
in the forms of droplets and aerosols (Meselson, 2020; 
Prather et al., 2020; Zhang et al., 2020). The transmission of 
COVID-19 occurs when the virus-bearing respiratory 
secretions expelled from an infected individual reach the 
eyes, nose, or mouth of susceptible  individuals who receive  
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viruses being near to the source (Mount Sinai Hospital, 
2020; WHO, 2020). It has been reported that SARS-CoV-2 
can transmit directly through person-to-person contact 
such as handshaking and hugging, indirectly through 
contact with fomites (objects or materials contaminated 
with pathogens, e.g., viruses) such as handrail and 
doorknob, and also via airborne route without any physical 
contact (Asadi et al., 2020; Meselson, 2020; van Doremalen 
et al., 2020; Morawska and Cao, 2020). 

In many countries, both healthcare professionals and 
community people are using surgical masks as a protective 
means among various defensive measures in the current 
pandemic to lessen the transmission of COVID-19 (Kähler 
and Hain, 2020; Supehia et al., 2020; Chiang et al., 2020). 
Surgical masks are much cheaper than surgical respirators 
(Mukerji et al., 2017) and they are allowed for use in 
healthcare settings (Australian Government, 2020; CDC, 
2020; Lepelletier et al., 2020; Desai and Aronoff, 2020). 
However, do they provide adequate protection against 
COVID-19? Are these masks efficient in controlling sources 
of respiratory secretions to minimize the spread of SARS-
CoV-2? Can they be useful to reduce the community 
transmission of COVID-19? This study was conducted to get 
the answers of these burning questions mainly based on the 
secondary data obtained from the published literature. 

The findings regarding the source control and protection 
efficiency of surgical masks have been presented and 
discussed in this paper. The classification with barrier 
properties, material aspects, and manufacturing process of 
surgical masks have also been discussed. For better 
clarification, the discussion has been made using several 
images and illustrations created by the authors. It is hoped 
that the content of the paper will be beneficial for 
healthcare professionals and general people in fighting the 
current pandemic caused by COVID-19. 
 
 
METHODOLOGY 
 
This study is based on the analysis of secondary data 
available on surgical masks for source control and 
prevention of COVID-19. It has also been enriched by the 
authors’ inputs. Scholarly articles were searched through 
Google Scholar, ResearchGate, Scopus, ScienceDirect, Web 
of Science, and PubMed databases. In addition, the reports 
and guidelines published in the websites of different 
medical institutes and public health organizations were 
sought. During the search, the following keywords were 
used: “Aerosols”, “Airborne Viruses”, “Coronaviruses”, 
“COVID-19”, “Face Masks”, “Infection Prevention”, “Medical 
Masks”, “Nonwoven Fabric”, “Personal Protective 
Equipment”, “Protection Efficiency”, “Respiratory Droplets”, 
“Respiratory Infections”, “Respiratory Viruses”, “SARS-CoV-
2”, “Source Control”, “Surgical Masks”, “Respirators”, 
“Transmission”, and their different combinations thereof. 

From the search outcomes, the publications related to the 
source control mechanisms and protection efficiency of 
surgical masks were emphasized more, keeping consistency 

 
 
 
 
with the theme of the present study. In this regard, the 
main articles used are listed in Table 1 with their focus of 
study and key findings. 
 
Definition and classification of surgical masks 
 
Surgical masks, commonly known as face masks (shown in 
Figure 1), are loose-fitting, single-use, and disposable 
medical masks that form a physical barrier between the 
wearer’s lower face (nose and mouth) and the potential 
contaminants (e.g., chemicals) or infectants (e.g., 
pathogens) in the surrounding environments (Food and 
Drug Administration, 2020). They are designed to obstruct 
large droplets, splashes, sprays, or aerosols that may have 
pathogens (e.g., bacteria and viruses). Surgical masks are 
also helpful to decrease the discharge of saliva and 
respiratory secretions from humans. However, they never 
should be reversed during usage to avoid spreading or 
receiving of infectants. 

There are three classes of surgical masks based on the 
barrier properties – Level 1, Level 2, and Level 3 as per 
ASTM specifications (ASTM F2100-19e1, 2019; Chellamani 
et al., 2013). ASTM Level 1 surgical masks provide low 
barrier protection and they are used in the circumstances 
with no exposure to fluids, sprays, or aerosols. ASTM Level 
2 surgical masks offer medium or moderate barrier 
protection and they are used in the cases involving low to 
moderate levels of fluids, sprays, or aerosols. ASTM Level 3 
surgical masks give high barrier protection and they are 
used against heavy levels of fluids, sprays, or aerosols. Each 
class of surgical masks can be made in various fabric colors. 
The packaging color may also be different for each class. 
However, ASTM F2100-19e1 (2019) requires that mask 
packaging to be clearly marked with the level of protection 
in one of three levels: 1, 2, or 3. The barrier properties of 
the three classes of surgical masks are given in Table 2. 
 
Materials and manufacturing of surgical masks 
 
Surgical masks are generally made with nonwoven fabrics 
(shown in Figure 2) obtained from plastics; the typical 
plastic material used for surgical masks is polypropylene 
(Henneberry, 2020); the other plastic materials such as 
polystyrene, polycarbonate, polyethylene, and polyester are 
also used to manufacture this type of masks (Kiron, 2020). 
The density of polypropylene, the commonly selected 
material for manufacturing surgical masks, should be 20-25 
gsm (gram per square metre) (Chellamani et al., 2013; Raju, 
2020). Surgical masks are usually designed with three or 
four layers of nonwoven fabric, which acts as a filter to 
prevent microbes (e.g., pathogens) from exiting or entering 
the mask but provides adequate air permeability. 
Nonwoven fabrics are engineered fabrics with a planar 
structure consisting of one or more fibre layers; thin, spun-
bond, high-filtration nonwoven fabrics made of micro-
denier fibres are normally used to produce surgical masks 
(Raju, 2020). They are highly flexible, provide excellent    
resistance to liquid and bacterial penetration,  and generate 



Safiuddin and Salam          181 
 
 
 

Table 1. Some of the major articles used in the present study 
 
References Focus of study  Key findings 

Prevention via source control Protection via exposure control 

Lee et al., 2005 No Yes The filtering efficiency of surgical 
masks was the lowest as compared 
to different types of respirators. 

Bałazy et al., 2006 No Yes The penetration of nano-size virus 
particles through high-barrier 
surgical masks was 20.5% whereas 
it was 84.5% in the case of low-
barrier surgical masks. 

Leung et al., 2020 Yes No Surgical masks could prevent the 
transmission of coronaviruses from 
symptomatic persons. 

Esposito et al., 2020 Yes Yes Surgical masks can control 
respiratory secretions at the 
source; they can also prevent large 
droplets and sprays from entering 
the respiratory tract but they have 
limited ability to filter out sub-
micron sized airborne particles; the 
universal use of face masks as a 
means of source control in public 
places is strongly advocated to 
reduce the community 
transmission of COVID-19. 

MacIntyre and 
Chughtai, 2020 

Yes Yes Surgical masks are effective in 
controlling the sources of 
coronaviruses and reducing the 
transmission of COVID-19; 
however, they are less protective 
than respirators in healthcare 
settings. 

Patel et al., 2016 Yes Yes Source control combined with 
environmental controls is more 
effective than personal protection 
alone to prevent the spread of 
respiratory infections; source 
control by surgical masks could 
work as a defensive measure 
against the spread of respiratory 
infections; but the use of surgical 
masks as a means of respiratory 
protection was not suggested. 

 
 

 
 
 

 
 

 

 

 

 

 

Figure 1: Surgical masks 

(a) Interior view (b) Exterior view 
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Table 1. Continue 
 

Chu et al., 2020 No Yes The use of face masks protects 
people in both healthcare and non-
healthcare settings; however, 
surgical masks provide less 
protection than surgical N95 or 
similar respirators against the 
inhalation of coronaviruses that 
cause COVID-19. 

Smith et al., 2016 No Yes Surgical masks appeared to be less 
protective than surgical N95 
respirators against transmissible 
acute respiratory infections. 

Kähler and Hain, 
2020 

Yes Yes Surgical masks greatly limit the 
spread of viruses in the 
surrounding environments and 
thus reduce the risk of infections 
for the nearby people; they inhibit 
contact infection, serving as a 
barrier between face and hands; 
but they provide less protection 
against droplet infection than close-
fitting, particle-filtering respirators. 

Chiang et al., 2020 Yes No Surgical masks could prevent the 
transmission of coronaviruses from 
infected persons; the practice of 
wearing surgical masks may also 
prevent the potential asymptomatic 
or pre-asymptomatic transmission 
of COVID-19, as evidenced by the 
epidemiological data obtained from 
Taiwan and Singapore. 

Liu and Zhang, 2020 Yes No The use of surgical masks can 
prevent the transmission of COVID-
19 from infected individuals, as 
revealed from the epidemiological 
survey conducted in China. 

 

 
Table 2. Classification of surgical masks and their barrier properties (sourced and adapted from ASTM F2100-19e1, 2019) 

 
Classes of surgical mask Barrier properties 
 Bacterial 

filtration 
efficiency* (%) 

Resistance to penetration by 
synthetic blood in terms of 

pressure† (mmHg) 

Differential pressure as a 
measure of breathing 

resistance‡ (mm H2O/cm2) 

Sub-micron particulates 
filtration efficiency at 

0.1 µm§ (%) 
Level 1 (Low-barrier) ≥ 95 ≥ 80 ˂ 4.0 ≥ 95 
Level 2 (Medium-barrier) ≥ 98 ≥ 120 ˂ 5.0 ≥ 98 
Level 3 (High-barrier) ≥ 98 ≥ 160 ˂ 5.0 ≥ 98 

 

*Measures how well a surgical mask filters out bacteria when encountered with bacteria-containing aerosols. †Reflects the ability of a surgical mask to minimize 
the amount of fluid that can pass through it from outside as the result of a splash or spray. ‡Measures the air flow resistance of a surgical mask to ensure its 
breathability. §Measures how well a surgical mask filters out sub-micron particles with the anticipation that viruses will be filtered out in a similar manner. 

 
 
less lint or particle emissions (Chellamani et al., 2013). 
Nonwoven fabrics are preferred to manufacture surgical 
masks mainly because of their high barrier properties. 
 
Protection efficiency of surgical masks against COVID-
19 
 
According to the World Health Organization (WHO), for 
patient     protection, surgical    masks    are    sufficient     for 

healthcare staff to wear when they work in the operating 
room, perforate body cavities, and give care for immuno-
compromised patients; WHO also states that patients with 
airborne infections must wear surgical masks when they 
are outside the isolation room (WHO, 2020b). However, it 
should be kept in mind that they are not designed to block 
ultrafine airborne particles (Food and Drug Administration, 
2020) of nano-scale size less than 100 nm in diameter. 
SARS-CoV-2 varies in the size range of 65-125 nm (Shereen  



 Safiuddin and Salam          183 
 
 
 

 

 

 

 

 

 

 

 

 

 
Figure 2: Nonwoven fabric 

 
 

Table 3. Penetration of virus particles (10-80 nm size range) through surgical masks (the penetration data are sourced 
from Bałazy et al., 2006) 

 
Surgical mask (SM) Bacterial filtration efficiency* (%) Maximum fractional penetration† (%) 

Inhalation flowrate, 
30 L/min 

Inhalation flowrate, 
85 L/min 

Low-barrier SM > 96 80 84.5 
High-barrier SM > 99 13.5 20.5 

 

*Measures how well a surgical mask filters out bacteria when encountered with bacteria-containing aerosols. †Reflects the protection 
efficiency of a surgical mask – the lower the percentage, the better the mask filtration. 

 
 
 
et al., 2020). Therefore, surgical masks may not be very 
effective to stop the penetration of airborne coronaviruses. 

An experimental study showed that, for high-barrier 
(Level 3) surgical masks, the penetration of small virus 
particles in the 10-80 nm size range can be more than 10% 
at a low inhalation flowrate of 30 L/min whereas it can be 
above 20% at a high inhalation flowrate of 85 L/min 
(Bałazy et al., 2006). In the former case, the maximum 
penetration of virus particles was 13% whereas it was 
20.5% in the latter case. Another study (Lee et al., 2005) 
revealed that the penetration of airborne particles in the 
size range of 40-1300 nm can be 12.5% to 20.5% for high-
barrier surgical masks at 30 L/min flowrate. 

The penetration level of virus particles could be 
extremely high (≥ 80%) for low-barrier surgical masks 
(refer to Table 3). In the study of Bałazy et al. (2006), for 
the small virus particles in the 10-80 nm size range, the 
penetration at a low inhalation flowrate of 30 L/min 
increased to 80% whereas it was 84.5% at a high inhalation 
flowrate of 85 L/min. According to ASTM F2100-19e1 
(2019), the sub-micron particulates filtration efficiency at a 
particle size of 0.1 µm (100 nm) in diameter should be ≥ 
95% for low-barrier surgical masks and ≥ 98% for medium-
barrier and high-barrier surgical masks when measured for 

a flowrate of 28.3 L/min. It implies that the penetration of 
0.1 µm diameter particles at 28.3 L/min flowrate should 
not be more than 2% to 5%, depending on the type of 
surgical masks. Thus, the above discussion suggests that the 
performance of surgical masks could be below the 
threshold for the virus particles in the nano-size range. 

Surgical masks could also allow the virus particles to 
enter the respiratory system because of their loose fitting 
with the face (Food and Drug Administration, 2020) leading 
to inward leakage (Kähler and Hain, 2020), as evident from 
Figure 3. Hence, surgical masks may not give adequate 
protection for healthcare professionals when they are 
looking after COVID-19 patients. In fact, they are not 
intended to protect the wearer from the environments 
rather they are designed to protect the environments from 
the wearer (Bałazy et al., 2006; Lepelletier et al., 2020). A 
recent study reported that surgical masks are not effective 
for protection against coronaviruses and other respiratory 
transmissible viruses in healthcare settings although they 
appeared to be useful in community settings (MacIntyre 
and Chughtai, 2020). An earlier study also stated that 
surgical masks provide less protection than surgical N95 
respirators for healthcare workers against transmissible 
respiratory diseases caused by viruses (Smith et al., 2016).

(a) Normal view (b) Magnified view 
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Figure 3. Loose-fitting of surgical mask 

 
 
 
Efficiency of surgical masks in controlling sources and 
community transmission of COVID-19 
 
Surgical masks can be more effective in reducing the 
onward transmission of SARS-CoV-2 by respiratory 
secretions from COVID-19 patients although outward 
leakage can occur to some extent because of loose-fitting 
(Kähler and Hain, 2020). The results obtained from a very 
recent research revealed that this type of face masks 
reduced the detection of coronavirus RNA (Ribonucleic 
Acid) in respiratory droplets and aerosols emitted in the 
immediate environment (Leung  et al., 2020). It implies that 
surgical masks can control the spread of SARS-CoV-2 from 
an infected person as they create a physical barrier 
between the lower face (mouth and nose) and the 
surrounding environments. The virus-bearing respiratory 
droplets of relatively large size (≥ 5 µm) encounter with the 
surgical mask before they interact with the ambient 
environment. An earlier study reported that the source 
control by wearing surgical masks may resist the spread of 
respiratory infections (Patel et al., 2016). Because of larger 
size, most respiratory droplets cannot pass through 
surgical masks and spread in the environment. This 
indicates that surgical masks are conducive to reduce the 
community transmission of COVID-19 if they are used as a 
means of source control, as illustrated in Figure 4. Indeed, 
recent epidemiological data from Taiwan, Singapore, and 
China support such benefits of surgical masks (Chiang et al., 
2020; Liu and Zhang, 2020). 

High-barrier  (Level 3)  surgical masks will also be able to 

reduce the inward transmission of virus particles by 
obstructing small respiratory droplets and aerosols present 
in the air although they may not be as effective as 
respirators (Bałazy et al., 2006; Chu et al, 2020; Lee et al., 
2005; Smith et al., 2020). They will also help to decrease the 
inward transmission of the viruses through direct and 
indirect contacts by avoiding touching of the face with 
contaminated hands (Kähler and Hain, 2020). Hence, the 
community transmission of COVID-19 shall be minimized 
through wearing surgical masks by both infected 
(symptomatic and pre-symptomatic or asymptomatic) and 
susceptible persons. 

The use of surgical masks combined with physical 
distancing is expected to provide better performance in 
infection control. Surgical masks might provide some 
source control even where physical distancing is not 
possible to maintain, like in crowded places (Public Health 
Ontario, 2020; Esposito et al., 2020; Desai and Aronoff, 
2020). Recent research results indicated that surgical 
masks provide better source control and higher protection 
than cloth masks or cotton masks against infectious 
diseases due to their greater barrier function although they 
are not superior to surgical N95 respirators (MacIntyre and 
Chughtai, 2020; Smith et al., 2016). 

The use of surgical masks simultaneously with a goggle in 
addition to physical distancing results in much better 
performance to prevent the transmission of COVID-19 (Chu 
et al., 2020). Furthermore, the concurrent usage of a 
surgical mask as an outer protective barrier over a surgical 
N95 respirator, as demonstrated in Figure 5, was suggested  
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Figure 4: Source control of virus particles by surgical masks 

 
 

 
 

Figure 5: Enhanced protection using surgical mask over surgical N95 respirator 
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Figure 6: Enhanced protection using surgical mask combined with face shield 

 
 
 
to extend the useful life of respirator (Roberge, 2008). This 
mode of usage is also expected to increase the defence level 
against COVID-19 providing two layers of protection. 

A face shield can also be used as an additional device over 
a surgical mask (Roberge, 2016), as presented in Figure 6, 
to enhance the protection level against COVID-19.  This 
mode of use may provide better protection against COVID-
19 as compared with surgical masks alone; the defence 
level shall be further increased if a surgical N95 respirator 
is used under a surgical mask (Johns Hopkins Medicine, 
2020), as illustrated in Figure 7. This is because the virus 
particles shall be intercepted in three layers of barricade in 
such mode of usage. 
 
 
Conclusions and Recommendations 
 
The findings from the present study suggest that surgical 
masks are not very effective in preventing the virus 
particles during inhalation. The nano-size coronavirus 
could easily penetrate surgical masks. Particularly, the 
penetration of virus particles through low-barrier surgical 

masks can be very high, as compared to high-barrier 
surgical masks. 

Surgical masks do not tightly fit with the face; the 
respiratory secretions from COVID-19 patients might leak 
because of loose-fitting. On the other hand, the virus-
bearing small respiratory droplets and aerosols present in 
the air may enter the respiratory tract through the loose-fit 
boundary locations of the mask. 

Surgical masks can be used for symptomatic and pre-
symptomatic or asymptomatic people infected with COVID-
19 to lessen the spread of viruses with respiratory 
secretions, that is, the onward transmission of SARS-CoV-2 
from the sources. Where physical distancing is not possible 
to maintain strictly in crowded places, wearing surgical 
masks by both infected (symptomatic and pre-symptomatic 
or asymptomatic) and susceptible persons can be useful in 
reducing the community transmission of COVID-19. 

Surgical masks may play a vital role in source control to 
minimize the community transmission of COVID-19. 
However, relying on just this type of masks strategically 
will not be enough to prevent SARS-CoV-2 from entering 
the respiratory tract. Enhanced protection should be sought  
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Figure 7: Enhanced protection using surgical mask combined with face shield and 
surgical N95 respirator 

 
 
 
to effectively control the inward transmission of viruses. 
Surgical masks may be used in together with other 
protective devices to enhance the protection level for 
healthcare professionals; for example, the use of a face 
shield on top of a goggle, a surgical mask, and a surgical 
N95 respirator (covered by the surgical mask) would 
intercept the viruses in different layers of protection. 

Further studies on the protection efficiency of surgical 
masks in the environments with nano-size particles (< 100 
nm) are required to evaluate the respiratory protection 
against coronaviruses. More comprehensive research is 
also needed to evaluate the overall protective performance 
when surgical masks are used in together with other means 
of protection. As well, the mechanisms of transmission of 
coronaviruses in indoor environments should be well-
understood to prevent human infections. 
 
Key Messages 
 
• Low-barrier surgical masks should not be used by 
healthcare professionals. 
• Adequate protection by surgical masks is not 
guaranteed for healthcare professionals. 

• Surgical masks can play a vital role in controlling 
the sources of SARS-CoV-2. 
• Protection against COVID-19 can be enhanced 
when surgical masks are used combined with other 
defensive measures. 
• Surgical masks should be worn by general people 
to reduce the community transmission of COVID-19. 
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