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P r o t e ct i v e  f a ce masks

The global pandemic

Protective face masks are traditionally used in the industrial and healthcare sectors as a

vital component of personal protective equipment (PPE). The global COVID-19

pandemic has seen widespread adoption of face masks as a public health measure to

slow the propagation of the virus.

Protective face mask market

The latest estimates show that the protective face mask market will have grown to

unprecedented levels in 2020, and that this uptick in demand will be sustained over the

next 5 years with a predicted market value of 3.021 billion in 2025.
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Protective face mask market forecast

Unmet needs

Face masks have become an obligatory item of clothing in many countries, with

numerous individuals required to wear a mask throughout their working day. Several

potential pitfalls of face masks have been documented in the scientific literature:

1. Development of a false sense of security – the act of wearing the mask may

encourage wearers to let down their guard when it comes to other measures, such

as hand washing and social distancing, putting them at increased risk of infection.

2. Creating conditions that favor infection – repeated uses of a contaminated face

mask may cause infection. Furthermore, if the virus builds up on the mask it may

create a humid environment where the viral particles can propagate and infect

the wearer at high viral loads.

3. Wearer discomfort – common complaints include impeded breathing and exhaled

air going into the eyes.

https://www.marketsandmarkets.com/Market-Reports/face-mask-market-244623608.html#:%7E:text=%5B186%20Pages%20Report%5D%20The%20face,48.9%25%20from%202020%20to%202025.
https://www.bmj.com/content/369/bmj.m1435/rr-40
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R e p or t  s u mmar y

Face mask innovation

In this report, we have selected innovations in face mask technology that address

three urgent concerns associated with face masks:

1. Development of a false sense of security

2. Creation of conditions that favor infection

3. Wearer discomfort

Concern Consequence Innovation

Development of a 
false sense of security.

Increased risk of transmission due to 
mask misuse.

Masks that detect infection

Creation of conditions 
that favor infection

Incubation of virus on mask and 
increased exposure to the wearer

Masks that kill pathogens

Wearer discomfort Reduced compliance with mask
wearing

Masks that improve comfort

For each technology, a basic overview of the scientific rationale/supporting data is

provided, as well as an analysis of the commercial advantages and disadvantages

and the technology readiness level (TRL). It is worth noting that while the focus of this

report is on COVID-19, most technologies are applicable to other pathogens.



T e c h no logy  R e a d ines s  L e v e l

The Technology Readiness Level (TRL) scale is an industry standardized metric by

which Biochromex evaluates the development stage of technologies. The TRL gives

a quick indicator of the time and cost to commercialization (the higher the number,

the lower the time and cost).

TRL 9 Systems Operation - Actual system operated over full 
range of expected conditions

TRL 8 System Commissioning - Actual system completed and 
qualified through demonstrate tests

TRL 7 System Commissioning - Full-scale, similar prototype 
demonstration in relevant environment

TRL 6 Technology demonstration - Engineering / pilot scale 
Prototype testing in relevant environment

TRL 5 Technology development - Lab-scale validation in 
relevant environment

TRL 4 Technology development - Component or system 
validation in lab environment

TRL 3 Research to prove feasibility - Analytical and 
experimental test of critical function - proof of concept

TRL 2 Basic technology research - Technology concept and/or 
application formulated

TRL 1 Basic technology research - Basic principles observed and 
reported

Timeline to 
launch

Near-term Mid-term Long term

TRL 7 - 9 4 - 6 1 - 3

Investment 
required Low Moderate High

Project goal
Identify solutions 

to an existing 
challenge

Identify solutions 
or potential 

disrupters on the 
horizon

Identify targets 
for long term 

planning and/or 
development 
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1 .  Ma s k s  t h a t  d e t e ct  i n f ect ion

COVID-19 sensor face mask

Scientists from MIT and Harvard, led by Professor

James Collins, have adapted a technology they

developed for the detection of Ebola virus on

face masks for COVID-19. The team created a

textile-embedded sensor that can detect COVID-

19, zika or Ebola. The mask would allow the

wearer to know within 2 – 3 hours of putting on

the mask if they are infected. To date, the

researchers are at a proof-of-concept stage –

adapting the sensor unit to detect COVID-19. The

cost of each mask is currently projected to be

USD 20 per unit.

COVID-19 diagnosis face mask

Scientists at the University of Leicester (UK), led by

Professor Mike Barer, are developing face masks

that can be used to diagnose COVID-19. The

technology is based on a 3D printed polyvinyl

acetate strip, which is attached to the inside of

surgical mask (marked by an arrow). The strips

trap virus exhaled by the user and can then be

processed quickly by clinical laboratories to

provide a diagnosis. Efficacy has been proven in

a small study carried out in healthcare workers.

Advantages Disadvantages

• Low cost 
• Simplicity
• Non-invasive diagnosis

• Processing of 
samples required 
by clinical lab

TRL: 

6

Advantages Disadvantages

• Immediate 
diagnosis

• Adaptable 
to several 
pathogens

• High cost per unit
• May not be disposable
• Early stage technology
• A device would be required 

to detect fluorescence
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TRL: 
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https://www.cell.com/fulltext/S0092-8674(16)30505-0
https://www.medrxiv.org/content/10.1101/2020.08.18.20176693v1.full.pdf


2 .  Ma s k s  t h a t  k i l l  p a t h ogens

Lactoferrin-containing face masks

Lactoferrin is a glycoprotein that can bind to the

surface of viruses and prevent them from

replicating, making it anti-viral. Face masks

coated with this protein claim to capture and

neutralize the virus while being worn by the user.

Lactoferrin-coated masks on the market are

claimed to provide up to 99% virus protection.

Copper-containing face masks

Copper-containing face masks are marketed by

several brands. The masks are woven with copper

threads, which provide additional protection due

to the antimicrobial properties of copper. Copper

has been demonstrated in scientific studies to

have an anti-viral effect on COVID-19 and

influenza virus, with no live virus detected after 4

hours and 30 minutes, respectively.

Advantages Disadvantages

• Technology fully 
developed

• Proven antiviral efficacy 
in laboratory studies

• Higher cost - best 
suited to re-usable 
masks.

TRL: 

9

TRL:

9
Advantages Disadvantages

• Technology fully 
developed

• Proven antiviral 
efficacy up to 99%

• Higher cost - best suited 
to re-usable masks.
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https://copperwearmask.com/
https://www.nejm.org/doi/full/10.1056/NEJMc2004973
https://pubmed.ncbi.nlm.nih.gov/20592763/


2 .  Ma s k s  t h a t  k i l l  p a t h ogens

Silver embedded masks

Viroblock is an antiviral technology added to the

mask fabric in the final stage of manufacturing. It

contains a vesicle technology that targets the

viral membrane, weakening it and allowing silver

particles to enter the virus and deactivate it. The

manufacturer claims their technology is effective

at killing 99.9% of viruses.

Titanium dioxide coated masks

The ViralOff® technology is a coating for textiles

that consists of titanium dioxide and silver

chloride. The producers claim over 99% anti-viral

activity in 2 hours against COVID-19 and influenza

A. The coating has been applied to masks, gloves

and other protective clothing.

Advantages Disadvantages

• Technology fully 
developed

• Proven antiviral efficacy at 
> 99%

• Higher cost - best 
suited to re-usable 
masks.

TRL: 

9

TRL:

9
Advantages Disadvantages

• Technology fully 
developed

• Proven antiviral 
efficacy at 99.9%

• Higher cost - best suited 
to re-usable masks.
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https://heiq.com/
https://polygiene.com/viraloff/


3 .  Ma s k s  f o r  i mp r ov ed  c omf or t

Anti-fog face mask

An anti-fog face mask design was patented by

3M in 1998 (now expired since 2016). The anti-fog

mask features a “resilient” strip and optional

adhesive portion at the top of the mask, which

inhibit the flow of vapor from the mask to the

eyes of the wearer. The resilient strip consists of

higher density regions and pillowed lower density

regions. A form of this mask is currently marketed

by 3M, called 3M™ Filtron™ Surgical Mask (shown

in the image opposite).

Addition of a ventilator

The micro-ventilator developed by Dettol (Dettol

SiTi Shield N95) is designed to improve comfort for

the wearer when added to an N95 mask, by easing

the flow of exhaled air out of the mask. The mask

was shown to effectively protect against influenza

A virus, rhinovirus 14 and S. aureus with > 99%

efficacy. A version with a microfan to keep the

wearer cool is also in development. Note that this

mask was primarily developed for protection from

air pollution for the Indian market.

Advantages Disadvantages

• Low cost
• Optimized for wear 

over long periods
• Proven protection > 

99%

• Potential IP ownership 
by RB

TRL: 

9

TRL:

9
Advantages Disadvantages

• Low cost
• 3M patent recently 

expired (2016)
• Can be added to existing 

face mask designs

• Benefits for glasses 
wearer’s only and 
medical staff with 
protective 
eyewear
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https://www.dettolsitishield.co.in/products/smart-mask/
https://pubmed.ncbi.nlm.nih.gov/29707364/
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C on c lus ion s

Face mask innovation

In this report, we present eight face mask technologies that detect pathogenic

viruses, kill micro-organisms and improve comfort for the wearer.

Masks that detect infection have the ability to capture virus particles and generate a

visible signal, which could be highly valuable for rapid diagnosis and action to

prevent further transmission even in asymptomatic cases. These technologies are

currently still in the laboratory and would require significant investment to take them

to market.

Masks that actively kill pathogens are impregnated with anti-microbial agents that

can neutralize biological threats. These masks could reduce the risk of virus incubation

on the masks by ensuring that the masks do not enable virus particles to build up in

the textile. Several anti-microbial masks are already on the market with claims of up

to 99% efficacy.

Masks that improve wearer comfort could reduce the adverse effects associated

with wearing the mask and improve quality of life for those who are obliged to wear

masks for long periods of time. This could also improve compliance with mask wearing

requirements. Masks that improve breathability and the passage of exhaled air are

already on the market.

TRL analysis

The innovations presented here cover a range from TRL 3 – 9.

Category of innovation TRL Time to market

Masks that detect infection 3 - 6 Long/mid-term development target

Masks that kill pathogens 9 Near-term development target

Masks that improve comfort 9 Near-term development target



Biochromex provides life science expertise and strategic

consulting services to the pharmaceutical, healthcare and

consumer goods sectors. Our team of PhD-, MD- and MBA-level

experts integrate scientific research with commercial strategy to

guide the development of pioneering products that shape the

future.

Biochromex, founded in 2017, is based in London. Our clients

comprise a rapidly growing network of Fortune 500 companies,

venture capital firms, non-profits, and start-ups spanning four

continents. We build strong relationships with our clients based on

trust, respect and an insatiable drive to deliver the best actionable

intelligence in a time and cost-efficient manner.

Ab o u t B i ochromex
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contact@biochromex.com

www.biochromex.com

Biochromex, Ltd., 48 Dover Street, London W1S 4FF, UK

The future at your fingertips

Our services

• Systematic literature review

• Market analysis

• I.P landscapes

• Legislative roadmaps

Our experts
• PhD-, MD- and MBA-level life

science professionals and
published researchers.

• Trained at global top 10
universities including Cambridge,
Oxford, Harvard, UCLA and
Berkeley.

• Expertise spanning biochemistry,
neuroscience, psychology,
chemistry, cardiology, oncology
and biostatistics.

• Over 70,000 hours of research
experience at globally
recognized institutions of
excellence and 60,000 hours of
consulting experience.

Our core values
• Efficacy: Our priority is to drive

our client’s growth and product
development by providing
valuable, clear and evidence-
based solutions in an efficient
manner.

• Integrity: We employ proven
scientific methods of research,
analysis and inquiry to select the
highest quality information, and
we build strong relationships with
our clients based on trust, respect
and support every step of the
way.
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