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Introduction
Covid-19 (also known as SARS-Cov-2) appeared in China at the end of 2019, 
as a previously unknown disease and was declared a Public Health Emergency 
by the World Health Organisation (WHO) on 30th January 2020. A global research and medical effort 
has ensued, foremost from hospitals and clinicians treating patients infected with the novel coronavirus, 
who have expedited key findings into the public domain to aid health responses worldwide. 

Upon writing this paper, there are still no clinically validated drug treatments or vaccines against 
Covid-19, which has resulted in close to 500K global fatalities to date. As such, a core part of the 
response has focussed on preventative measures to halt the spread of infection. Hand contact and 
subsequent transference via individuals touching their face, or alternatively inhalation of infected 
respiratory droplets are thought to be primary sources of transmission. As a result, social distancing 
measures have been enforced, and rigorous hand hygiene regimens advocated in affected countries. 

Protective personal equipment (PPE), including mask-wearing by clinicians treating patients, has become 
essential to shield those caring for the sick from contagion. Emerging global studies show  
overwhelming evidence that mandatory mask wearing in public presents one of the most effective 
means to prevent inter-human transmission of Covid-19. Furthermore, it could help prevent second 
and third waves of the pandemic [Stutt ROJ, et al., 2020; Zhang R et al., 2020]. 

In this paper, we examine the current evidence in more detail, including the different grades of 
masks available internationally, and differences in the protection they provide.

Background and evidence for mask-wearing
Covid-19 infection has been shown to produce pneumonia-like symptoms that go on to aggravate 
damage to the lungs and heart, as the disease progresses. Elevated markers for inflammation, 
cardiac damage and low oxygen levels are observed in critically ill individuals who often require 
mechanical ventilation. 

Individuals of advanced age (>65 yrs), or those with pre-existing medical conditions including 
cardiovascular diseases, obesity, diabetes and respiratory illness, or compromised immunity, are 
thought to be at particular risk from developing the severe forms of the disease that require  
hospitalisation. Men are also disproportionately affected [Rong-Hui Du et al., 2020; Petrilli et al., 2020]. 



The SARS-Cov-2 virus has been confirmed as gaining entry to cells in the respiratory system by 
binding to the Angiotensin-Converting Enzyme II (ACE-2) receptor [Zhou P, et al., 2020]. As mentioned, 
one potential mechanism is thought to be via respiratory droplets inhalation. This term refers to 
oral fluid that is >20 microns in size, that will eventually drop to the ground through gravity over a 
short distance (~2M). 

Respiratory droplets are commonly thought to come from coughing and sneezing, but there is  

evidence that sizeable fluid droplets can be generated by talking, demonstrated in a recent  

study [Anfinrud P. et al., 2020]. To compound matters for transmission, viral load is  
thought to be highest in asymptomatic and pre-symptomatic individuals, who are  
therefore thought to be highly contagious [He, X et al., 2020; Zou, L. et al., 2020]. 

Aerosols are also generated through similar mechanisms to respiratory droplets, containing  
significantly smaller particles, (in the single micron range), suspended in gas. These can travel much 
further, and studies have linked them to infection, especially in enclosed spaces where they are not 
readily dispersed. As such, there is an increased risk for the spread of contagion indoors, for example  
on public transport, in shops, hospitality venues, certain construction sites and factory environments. 
Exactly what proportion of Covid-19 infections are attributable to aerosol or respiratory droplet 
transmission remains to be calculated [Meselson, M. 2020; van Doremalen, N. et al., 2020]

Recent research published in Proceedings of the National Academy of Science, supports airborne 
transmission, via inhalation of virus-bearing aerosols, as a dominant route for the transmission of 
Covid-19 [Zhang et al., 2020]. In this study, Dr. Renyi Zhang and colleagues from Texas A&M University 
used statistical modelling of infection rates in pandemic epicentres. They calculated that between 
April 17 to May 9 2020, 66K infections in New York were prevented, also a further 78K were mitigated 
in Italy over a similar time period, only once face mask use was made compulsory. 

‘wearing of face masks in public corresponds to the most effective means to 
prevent inter-human transmission of Covid-19’  [Zhang, R et al., 2020].

They emphasised that considerably more infections could have been prevented worldwide if face 
masks were made mandatory from the start of the pandemic. Moreover, global policies for social 
distancing, quarantine, and isolation had minimized contact transmission, and not aerosol  
transmission, allowing infection to spread. They concluded that ‘wearing of face masks in public 
corresponds to the most effective means to prevent inter-human transmission of Covid-19’.
[Zhang et al., 2020].

In a recent joint epidemiological study between the University of Greenwich and the University of  
Cambridge, two different models were used to assess the effectiveness of facemasks on the current 
pandemic [Stutt, OJR. et al., 2020]. The best outcomes were achieved when masks were worn all the 
time in public (even after the onset of symptoms), by a high proportion of the population and the  
efficacy of the mask was high (>95% - of the type provided by N95 respirator masks). 
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They also noted that 100% adoption of facemasks, even with on/off lock-down periods could prevent  
subsequent waves of infection, and furthermore, result in the pandemic dying out (R = <1).

‘swiftly increase the availability of medical standard surgical, or N95  
respirators to the public.’ [Stutt, OJR. et al., 2020]

In their concluding remarks, the authors cited that the UK should take action to provide clear  
instructions on the fabrication and safe use of home-made masks. Furthermore, policy makers 
should ‘swiftly increase the availability of medical standard surgical, or N95 respirators to the 
public.’ The latter are designed to give a very close facial fit and highly efficient filtration of 0.3 µm 
airborne particles (we discuss this in more detail below).

Interestingly, many countries that have introduced mask wearing early on in their response to the 
pandemic have seen flatter curves for the rate of infection. For example in Europe - Germany  
encourages non-medical mask wearing (to avoid depleting supplies for health workers) and fines 
are issued for non-compliance, or in Asia — countries like South Korea and Taiwan, where respirator 
mask use, (Korea 1st class masks and N95 masks respectively), has been enforced with distribution 
through pharmacies. 

There may of course be other contributory factors to lower infection rates due to differences of 
approach in the health response to Covid-19 — testing, tracing and tracking individuals rigorously 
is one such example. However, it is notable that this applies to several countries and territories with 
early use of masks as part of official government or practice policy [Longrich N, et al 2020].

What level of protection do different grades 
of mask offer against Covid-19 transmission 
and infection?
There are several types of mask in use worldwide, ranging from home-sewn fabric masks to  
clinical-grade coverings. In the following section, we present information on their effectiveness and  
evidence for their use. Note that no mask can be guaranteed 100% effective. Their incorrect use, or adjusting 
masks — and therefore touching the face repeatedly, can potentially increase the risks in some cases.  

We discuss outcomes when the masks are used as per the manufacturer’s recommendations. General  
advice on infection control for Covid-19, including mask wearing, can be sourced from various 
international government agencies for infections control, for example in Switzerland, UK, the European 
Center for Disease Prevention, and the UAE.
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https://www.bag.admin.ch/bag/en/home/krankheiten/ausbrueche-epidemien-pandemien/aktuelle-ausbrueche-epidemien/novel-cov/massnahmen-des-bundes.html#-1186921229
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control
https://www.ecdc.europa.eu/en/covid-19/preparedness-and-response
https://www.ecdc.europa.eu/en/covid-19/preparedness-and-response
https://u.ae/en/information-and-services/justice-safety-and-the-law/handling-the-covid-19-outbreak
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Fabric masks  
The use of fabric face coverings has been recommended in some nations including the US, Czech 
Republic and India. Research into their use for SARS-Cov-2 is limited. However, existing studies suggest  
that masks made from cloth or household fabrics are less effective in filtering pathogens than surgical 
or respirator masks, but can offer some protection. 

For example, a study comparing cloth masks, (teacloth material in this study), surgical masks and 
FFP2 respirator masks as a form of protection from respiratory infections, showed they all conferred  
benefits to others from transmission, and the wearer from infection [van der Sande et al., 2008]. 
Cloth masks had 50% of the protection of surgical masks for the transmission of respiratory infections,  
whilst FFP2 respirator masks, (equivalent to N95 in the US), were 25 times as effective as surgical masks.  

Another research paper, [Davies, A et al 2013], examining the transmission of influenza virus, concluded  
that fabric masks could stop up to 72% of virus particle spread from aerosol transmission, dependent 
on the fabric density and weave — dishcloth material was much more effective than cotton for 
example. Surgical masks offered a superior protection of 90%.

In addition, a recent evidence paper from eminent scientists in the field of viral epidemics (known 
as the DELVE group) submitted to the UK government, collated diverse evidence fully supporting the 
use of face masks, including fabric ones, in a public setting to tackle the coronavirus pandemic.

Surgical masks (including Type IIR)
Surgical masks refer to loose fitting pleated coverages, looped over the ears, which are routinely 
used for surgical procedures. They typically comprise three layers, with a filtration barrier layer 
(such as melt-blown polypropylene) usually separating an inner and outer layer. 

Surgical masks are intended for single use, as exhaled moisture can build up over hours making 
the mask wet and reducing its filtration efficiency. It should be changed if moist, and obviously  
between procedures and patients. Studies indicate there is also a decrease in their performance 
over time due to fibre changes [Bałazy A., et al 2006].

They are designed to cover the nose, mouth and chin. They protect the wearer from splashes and
droplets, and others from respiratory emissions of the wearer, filtering particles > 3 microns in
diameter. There are several categories of surgical mask, including Type I, Type IR, Type II and Type
IIR. Note that Type I masks are not intended for use by healthcare professionals. The surgical mask
classifications differ in their bacterial and particle filtration efficiency (BFE/PFE), Type I, and Type IR
face masks confer 95%, whereas Type II and Type IIR provide 98%.

Furthermore, the ‘R’ label indicates that the mask has been tested for fluid or splash resistance 
usingsynthetic blood to a pressure ≥16 kPa (120 mm Hg). The latter corresponds to the average  
systolic arterial blood pressure.

https://rs-delve.github.io/reports/2020/05/04/face-masks-for-the-general-public.html
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 inter-human transmission of Covid-19

6

Surgical masks are intended for single use, as exhaled moisture can build up over hours making the 
mask wet and minimising its filtration efficiency. It should be changed if moist, and obviously between 
procedures and patients. Studies indicate there is also a decrease in their performance over time 
due to fibre changes [Bałazy A., et al 2006].

Type II R is the standard mask used in Europe for surgical procedures and must meet the European 
standard EN 14683. The US equivalent is sometimes referred to as a Level 2 mask and must comply 
with ASTM standards*. This type of mask has a 3 or 4-ply pleated format, and is splash resistant 
against blood and bodily fluids. Note that surgical masks differ to respirators, (discussed below) in 
that the former show some leakage around the edges of this mask when the user inhales, therefore 
offering lower levels of protection.

Recent studies show that the use of surgical masks can provide high efficacy against virus shedding 
in exhaled breath. Coronaviruses were shown to be absent from droplet and aerosol samples from 
symptomatic individuals wearing surgical masks, but were detected in 30% and 40% of those not 
wearing masks [Leung et al., 2020]. Other research groups have shown up to 90% negation of virus 
particle spread with surgical mask use in influenza [van der Sande M. et al 2008; Davies, A et al 2013].

[Zhang, et al., 2020]

“
“

https://rmmedicalsupplies.com/products/3-ply-medical-mask-type-iir/


Respirator masks
Respirator masks, differ to surgical masks in that they are close fitting, and are designed to create 
a facial seal when fitted correctly to the wearer before use. They aim to cover the nose, mouth and 
chin, often coming with nose clips and elasticated straps to fit around the users head to hold them 
in place and enable a tight seal. 

Some model variations of respirators have exhalation valves, to enable easier breathing and eliminate 
heat build-up, however, these should not be used when sterile conditions are needed. Any air exhaled 
through the valve has not been filtered, thus the wearer is protected, but individuals in the vicinity 
of the wearer will not be protected.

A recently published meta-analysis and review investigated the use of face masks in 172 observational 
studies from 16 countries in avoiding the transmission of SARS-Cov-2 (Covid-19) (Chu, DK et al 2020]. 
One outcome of the analysis showed that N95 standard, or equivalent respirator masks were much 
more strongly associated with protection from viral transmission in clinical setting than surgical 
masks. Other conclusions showed added benefits from eye protection, and social distancing of >2M.

This concurs with prior studies showing that FFP2/N95 grade respirator masks showed lower levels 
of virus particle penetration [Bałazy, A et al., 2006] and significantly reduced the viral transmission of 
respiratory infections in public settings [van der Sande et al., 2008] when compared to surgical masks.

EN14683:2019 Type IIR Standard 
BFE & PFE ≥98%
CE certified

NIOSH N95 standard 
VFE  ≥95%
FDA certified

EN 149:2001+A1:2009 Standard
BFE & PFE ≥94%
CE certified

(VFE) ≥95%
FDA certified
GB2626 certified

EN 149:2001+A1:2009 Standard
BFE/PFE ≥99% 
CE certified
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3 Ply Medical Mask 
Type IIR

N95 NIOSHFFP2 Mask

KN95 Mask

FFP3 Mask

RM Medical: Surgical and Respirator Masks



The importance of certification and testing 
As the global demand for clinical-grade masks has rapidly increased in light of the Covid-19 pandemic, 
it is crucial for institutions and individuals alike to ensure that any equipment they source meets the 
required standards and chracteristics defined by their national regulatory authority. 

For example in the EU, respirator masks (e.g FFP2 or FFP3) are classified as category III PPE. They must 
be CE marked, and comply with EN 149 - an EU benchmark of the requirements, testing and marking  
for respiratory protective devices. Respirators should also come with an EC or EU Declaration of 
Conformity (DoC) certificate, issued by the manufacturer. This has to include approval by a Notified 
Body — a list of whom is available here. The European Safety Federation has unfortunately identified 
a number of sources of falsified certificates, so due diligence is required to avoid the purchase of 
counterfeit or substandard products.

Other global regulation examples: 

USA: Respirator masks are submitted for approval to NIOSH and must meet the standard testing 
procedures, before obtaining an approval label.

UAE: PPE is regulated by the Emirates Authority for Standardization and Metrology with  
certification requirements for all manufacturers.
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https://www.cdc.gov/niosh/npptl/respmanuf.html
https://www.cdc.gov/niosh/npptl/respmanuf.html
https://www.esma.gov.ae/en-us/Services/Pages/Issuance-of-conformity-certificate-for-Personal-protective-Equipment-Products-According-to-the-health-and-safety-requiremen.aspx


Quick guide to respirator masks:  
Global standard comparison 

We examined the different protective respirator masks available globally, comparing key specifications 
and lab test results, including bacterial and particle filtration efficiency (BFE/PFE), total inward leakage 
during exercise, and international equivalents. These are summarised below for quick reference.

Europe 
European grade masks are referred to as a filtering facepiece (FFP) respirator or mask, and are 
certified in the EU by the EN 149 standard. The mask should bear the manufacturer’s name and CE 
number of the certification body for compliance. There are three classes of filter efficiency — FFP1, 
FFP2 and FFP3. The acronym NR (not reusable) or R (reusable) is routinely added after the class name

FFP1 mask:
 
• Specified filtration of at least 80% (BFE/PFE) >0.3 microns size
• Offer least filtration of the three available levels 
• Highest total inward leakage rate of all FFPs - a maximum of 22%
• Moulded polypropylene and Folding formats available

FFP2 mask: 

• Specified filtration of at least 94% (BFE/PFE) >0.3 microns size
• Similar to a N95 (US standard) and KN95 (Chinese standard)
• Total inward leakage is a maximum of 8% 
• Moulded polypropylene and Folding formats available

FFP3 mask: 

• Specified filtration of at least 99% (BFE/PFE) >0.3 microns size
• Similar to a N99 mask (US standard) 
• Lowest total inward leakage rate - a maximum of 2%

• Moulded polypropylene and Folding formats available
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US 
US grade respirator masks are approved and certified by the National Institute for Occupational 
Safety and Health, marked as NIOSH-42CFR84. They are classified according to their percentage of 
filtration.

N95 respirator mask:  

• Specified filtration of at least 95% (BFE/PFE) >0.3 microns size
• Similar to FFP2 (EU standard) and KN95 (Chinese standard). 
• Not tested for total inward leakage. 
• Moulded and Folding-pleated variations are available. 
• Labelled as single-use device*

N99 respirator mask:  

• Specified filtration of at least 99% (BFE/PFE) >0.3 microns size
• Similar to FFP3 (EU standard). 
• They are not tested for total inward leakage. 
• Are identical to N95 masks in other respects
• Moulded and Folding-pleated variations are available
• Labelled as single-use device*
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https://www.cdc.gov/niosh/npptl/topics/respirators/cel/default.html
https://www.cdc.gov/niosh/npptl/topics/respirators/cel/default.html


Asia 
Asian grade respirator masks are certified by the GB2626-2006 in China, (with masks bearing similar 
nomenclature to the US), in Japan by JMHLW-Notification 214, 2018, and in South Korea by the KMO-
EL-2017-64 standard.

 

China KN95 respirator mask:   
• Specified filtration of at least 95% (BFE/PFE) >0.3 microns.
• Subtle difference to similar sounding N95 (US standard) in test parameters. Examples include:
- Inhalation resistance <343 Pa for N95; <350 Pa for KN95.
- N95 not tested for total inward leakage (TIL); KN95 max TIL of 8%
• Similar to a N95 (US standard), and FFP2 (EU standard)

Korea 1st class mask :  
• Specified filtration of at least 94% (BFE/PFE) >0.3 microns 
• Similar to a  FFP2 (EU standard), N95 (US standard) and KN95 (Chinese standard)
• Total inward leakage is a maximum of 8% 
• Alternative name KF94

Japan DS2 mask:  
• Specified filtration of at least 95% (BFE/PFE) >0.3 microns
• Similar to FFP2 (EU standard), N95 (US standard) and KN95 (Chinese standard).
• Inward leakage included in individual user instructions
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Summary
Face masks provide a critical means to manage the transmission of Covid-19 within a high risk
clinical setting where there is direct contact with infected individuals. Furthermore, overwhelming 
global evidence indicates face mask wearing in a public setting could help diminish inter-human 
viral transmission, and could be integral in halting the pandemic and subsequent waves of infection. 
We have outlined current evidence and the efficacy of protection conferred from different masks. 
Research studies and infection outcomes from nations with mandatory  use suggest policy makers 
should prioritise face mask use in public settings to mitigate the pandemic. Furthermore,  
medical-grade and N95 surgical masks (and above) show the highest efficacy in this respect. 
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