
For the last 10 years, Virustatic Limited has been developing and testing protein coatings against strains of influenza virus

influenza.  Influenza was the chosen virus as it was widely considered as the most likely next pandemic.

Phase 1 – Concept & Prototype Development –  MIB & Leading London University

Phase 2 – Application Development –  MIB 

Phase 3 – Material and Coating Performance Combinations – MIB 

Phase 4 – Live Influenza Testing for Material & Coating Evaluation – Leading London University 

Virustatic Shield is the commercial product resulting from these four phases of scientific research, development, design and testing. 

Phase 1 – Concept and prototype development – MIB & Unnamed Leading University

Investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration devices - such as face masks - that 
can be used to remove influenza viruses from airflows. 

Objectives

The main aim of this project was to investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration 
devices, e.g. face masks, that can be used to remove influenza viruses from airflows. The project had three objectives: 

1)   
influenza viruses

2)    Attach these sialylated conjugates onto activated carbon cloth to generate a Virustatic cloth prototype. 

3)    Test if Virustatic cloth prototype was able to retain live influenza virus from airflows 

Method

attachment mechanism. To ensure maximum efficacy of the final prototype two different lectins were used, one that mimics the 
attachment mechanism of avian influenza strain and one that simulates the binding mechanism of human flu strains. 

effectiveness over time. Pressure drop tests were also conducted and showed virtually no restriction of flow through the filtering 

use of coated granulated carbon to remove pathogens from fluid flows was examined. 

Results

Uncoated carbon cloth was able to capture about 90% of the virus from the airflow passing through. With fetuin-treated samples, the 

virus was detected in the filtrate. 

above 99% efficiency 

The coated carbon cloth was tested at a London university against live influenza virus in air flows. The results demonstrated that the 
coating enhanced the cloth’s viral capture to over 99%. The results generated in the first phase of the project provided the evidence for 
the first Virustatic patent. 

Phase 2 – Application Development – MIB

This led us to explore proteins with a significantly longer shelf-life. Following on from the initial results, innovation focused on how to 

A review of alternative glycoproteins suggested lactoferrin to be comparable and more effective than fetuin with the added benefit that 

1)    Identify possible sialic acid binding proteins that would mimic binding of influenza haemagglutinin on to Virustatic cloth 

2)   

3)   

4)   

5)   

6)   Identify proteins with a significantly longer shelf-life 

Method

Results

Phase 3 – Material and Coating Performance Combinations – MIB

Objectives 

1)   Analyse the content and utility of four lactoferrin protein sources to use on subsequent tests

2)   Investigate the appearance and behaviour of cloth during contact with liquids

3)   Investigate the retention of lactoferrin on a shortlist of cloth material substrates

4)   Determine sialic acid display on all cloth material substrates

5)   Investigate the effectiveness of applying lactoferrins at different concentrations

6)   Investigate whether treatment of cloths with 

7)   Rank the best performing cloth-lactoferrin combinations based on SNA-FITC detected display of -2,6 linked sialic acids 

Results 

There was consistently higher binding of both SNA and WGA lectins on the treated material compared to the material substrate alone.

most efficient and co-treatment of the cloth with lactoferrin and cyclodextrin performed equally well on all tested cloths when

For SNA uptake, pretreatment cloth performs better for Polyester and ACC Polyester/Polyolefin, less well for ACC Viscose and ACC 

The combination of treatment with low amounts of lactoferrin (1 mg/mL) with the tested cloths was most efficient. The tested cloths 

that are not carbon activated (Polyamide and Polyester) perform well with regard to WGA lectin uptake and reasonable with regard to 

SNA lectin uptake.

All values obtained for WGA uptake on Polyamide (pre-treated, co-treated, lactoferrin only) are higher than those for the carbon 

Given the data generated, two possible testing regimes are proposed to be taken forward to live virus testing. It is proposed that the 

-cyclodextrin co-adsorbed onto the surface of the material substrates, are tested first. 

The data from this group will influence the decision on the second group that will then be challenged under live virus testing.

Phase 4 – Live Influenza Testing for Material & Coating Evaluation

the passages of airborne influenza virus.

Virustatic had intended to undertake live influenza virus testing with The Health and Safety Laboratory (HSL) in Buxton. However, HSL 
encountered major difficulties culturing an appropriate live virus strain and agreed to our proposal to switch to testing at the London 
university. Nevertheless, the London University, who had originally undertaken live virus testing for Virustatic’s proof of concept, 
successfully cultured live influenza viruses.
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against an influenza virus challenge quantified through a material empty test channel in the test apparatus.

need for a pandemic influenza mask. This could potentially stop viruses circumventing a high pressure drop material and negate the 
need for facemask fitting.

Objectives

Compare different materials coated or uncoated for their ability to block the passage of live influenza viruses.

Methodology

Compare capacity for the following treatments to block airborne influenza virus by determining the amount of virus collected from 

1)   No filter holder 

2)   Filter holder with material A 

3)   Filter holder with material B 

layer configuration is used in FFP1, FFP2 and FFP3 dust masks.

The different types of material to be tested fell into 3 categories: 

1)   Materials that would allow for new single layer face mask designs. 

2)   Materials that would allow for the improvement in pre-existing face masks market. 

3)   

Results

The results indicate the coating substantially improves the capture rate of the influenza virus, achieving in 9/10 cases a capture rate of 

and public fields.

material binded to and delivered up to a 98% barrier to the influenza virus.

A Summary of the Lactoferrin and its Possible Antiviral effects.

Introduction

The glycoprotein Lactoferrin (LF) is a member of the transferrin protein family and is 80 kDa in size with high affinity for several metal 

variety of pathogens. Not unsurprisingly, therefore, it is found abundantly in breast milk as an important component of the passive 

related to inhibition of microbial growth as well as to modulation of motility, aggregation and biofilm formation of pathogenic bacteria. 

the viral envelope structures, specifically to the adenovirus penton base (polypeptide III), the protein responsible for the attachment of 

17. Berlutti F, Pantanella F, Natalizi T, Frioni A, Paesano R, Polimeni A, et al. Antiviral properties of lactoferrin--a natural immunity molecule. Molecules. 

18. Artym J, Kocieba M, Zaczynska E, Adamik B, Kubler A, Zimecki M, et al. Immunomodulatory properties of human recombinant lactoferrin in mice: Implica

19. Mahdi L, Mahdi N, Al-Kakei S, Musafer H, Al-Joofy I, Essa R, et al. Treatment strategy by lactoperoxidase and lactoferrin combination: Immunomodulatory 

20. Drago-Serrano ME, Campos-Rodriguez R, Carrero JC, de la Garza M. Lactoferrin: Balancing Ups and Downs of Inflammation Due to Microbial Infections. Int 

21. Nguyen DN, Sangild PT, Li Y, Bering SB, Chatterton DEW. Processing of whey modulates proliferative and immune functions in intestinal epithelial cells. J 

22. Albar AH, Almehdar HA, Uversky VN, Redwan EM. Structural heterogeneity and multifunctionality of lactoferrin. Curr Protein Pept Sci. 2014;15(8):778-97. 

23. Sharma D, Murki A, Murki S, Pratap OT. Use of lactoferrin in the newborn: where do we stand? J Matern Fetal Neonatal Med. 2015;28(15):1774-8. Epub 

24. Brogden KA, Johnson GK, Vincent SD, Abbasi T, Vali S. Oral inflammation, a role for antimicrobial peptide modulation of cytokine and chemokine responses. 

25. Tomita M, Wakabayashi H, Shin K, Yamauchi K, Yaeshima T, Iwatsuki K. Twenty-five years of research on bovine lactoferrin applications. Biochimie. 

27. Kaito M, Iwasa M, Fujita N, Kobayashi Y, Kojima Y, Ikoma J, et al. Effect of lactoferrin in patients with chronic hepatitis C: combination therapy with 
interferon and ribavirin. J Gastroenterol Hepatol. 2007;22(11):1894-7. Epub 2007/10/05. doi: 10.1111/j.1440-1746.2007.04858.x. PubMed PMID: 

29. Abe K, Nozaki A, Tamura K, Ikeda M, Naka K, Dansako H, et al. Tandem repeats of lactoferrin-derived anti-hepatitis C virus peptide enhance antiviral activity 

30. El-Fakharany EM, Sanchez L, Al-Mehdar HA, Redwan EM. Effectiveness of human, camel, bovine and sheep lactoferrin on the hepatitis C virus cellular 

32. Andersen JH, Jenssen H, Gutteberg TJ. Lactoferrin and lactoferricin inhibit Herpes simplex 1 and 2 infection and exhibit synergy when combined with 

33. Berkhout B, Floris R, Recio I, Visser S. The antiviral activity of the milk protein lactoferrin against the human immunodeficiency virus type 1. Biometals. 

35. Kumar P, Lakshmi YS, Kondapi AK. An oral formulation of efavirenz-loaded lactoferrin nanoparticles with improved biodistribution and pharmacokinetic 
profile. HIV Med. 2017;18(7):452-62. Epub 2016/12/22. doi: 10.1111/hiv.12475. PubMed PMID: 28000390.

36. Wang WY, Wong JH, Ip DT, Wan DC, Cheung RC, Ng TB. Bovine Lactoferrampin, Human Lactoferricin, and Lactoferrin 1-11 Inhibit Nuclear Translocation of 

37. Senapathi J, Bommakanti A, Mallepalli S, Mukhopadhyay S, Kondapi AK. Sulfonate modified Lactoferrin nanoparticles as drug carriers with dual activity 

38. Desmarets LMB, Theuns S, Roukaerts IDM, Acar DD, Nauwynck HJ. Role of sialic acids in feline enteric coronavirus infections. J Gen Virol. 2014;95(Pt 
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Virustatic Shield – Our Research, Development and Innovation Journey
A decade of methodical research, design, development and testing led to the innovations embodied in the Virustatic Shield™ antiviral 

face covering. The product’s novel design is built on breakthrough findings on the efficacy of patented Viruferrin™ protein coating 
compound applied onto breathable hydrophilic fabrics that bind and render influenza viruses inert on contact.i 

Viruses are carried by airborne droplets ejected from the mouths of infected people through breathing, speaking and coughing. Inhaled 

virus particles are adsorbed by respiratory mucus, binding to receptors on the cell surface in the upper and lower respiratory system, 

causing infection.iii 

Wearing Personal Protective Equipment (PPE) face masks in clinical situations, and ‘face coverings’ or ‘cloth masks’ when in public, are 

key parts of a larger strategyiv supported by the World Health Organisationv (WHO), the UK Governmentvi , and the US Center for 

Disease Control (CDC) to reduce the spread of viruses during a by establishing barriers between infected and uninfected individuals.vii 

Problems with face masks and coverings 

It has been observed that when wearing certified ‘face fit’ Personal Protective Equipment (PPE) masks, increased pressure caused by 
exhaling – and particularly coughing and sneezing – displaces the mask from the face leading to air leakage around its perimeter.xiv 

Surgical-type medical masks have been shown to leak exhaled air, and with coughs and sneezes, contaminated particles are redirected 
and forced sideways out of the mask. These masks also leak strong downwards or backwards jets.xv 

The material in these existing masks are hydrophobic2 and are designed to provide a barrier so that liquid particulates or splatter, such 

as mucus and blood, are caught on the surface of the mask. The pathogens in particulates and splatter remain live on the surface of the 

mask and can go on to cause infection when the mask is touched, removed and disposed.xvi 

According to the authors of a wide study of research on facemasks titled “Face masks for the public during the covid-19” published on 

April 9, 2020, in the British Medical Journal, "None of the studies mentioned above tested the makeshift cloth masks that CDC has 
recommended. To our knowledge, there are no trials of cloth masks in the general public. A three arm trial of cloth masks versus surgical 

masks versus “standard practice” in preventing influenza-like illness in healthcare staff found that cloth masks were the least effective."

The solution: Virustatic Shield

Virustatic Shield is a breathable antiviral face covering designed for prolonged wear and handling. It has a protective role in both clinical 

care and community settings against the transmission of airborne viruses, bacteria and fungi. 

Virustatic Shield uses a hydrophilic1 material tested for superior virus block-and-keep capabilities, coated with Viruferrin™ – a patented 

compound containing natural proteins including lactoferrin and sialic acid – that adds additional protection by binding and capturing 

viruses on the surfaceii of the material before they are inhaled.viii 

The Virustatic Shield is not PPE and should not be compared with PPE masks as it is a face covering. The material’s high breathability 

sustains a low pressure drop even when sneezing and coughing, stopping the ingress and egress of the influenza viruses as the air 
inhaled and exhaled takes the path of least resistance. This unique action offers protection in both directions. It does not require any 

fit-testing and, unlike the face-fit masks, protection is not compromised for those with stubble or facial hair. xvii 

The Viruferrin™protein coating’s antimicrobial peptides have a cationic property which disrupt and inactivate the influenza virus 
contained in the mucus aerosol droplets which are usually small enough (<3 µm) to pass through material used in existing masks.xviii The 

lactoferrin protein in Viruferrin™ is well known for its cationic action against viruses and bacteria.xix Viruses are fragile protein 

molecules, wrapped in a protective layer of protein, known as the viral envelope. This protective viral envelope is negatively charged.xx 

Viruferrin™ is cationic (positively charged) and disrupts the negatively charged viral envelope. Tests on the Virustatic Shield materials 

demonstrated that this cationic action is responsible for up to 35% viral inactivation through the mask. (See appendix). 

MeSH Pharmacological Classification designates the lactoferrin in Viruferrin™ as an ‘Anti-Infective Agent’.xxi It classifies as a substance 
that either prevents infectious agents or organisms from spreading, or, kills infectious agents in order to prevent the spread of infection. 
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The science

For the last 10 years, Virustatic Limited has been developing and testing protein coatings against strains of influenza virusix to establish 

the optimum combination of material and protein coating that would deliver the highest performing pandemic mask to combat 

influenza.x Influenza was the chosen virus as it was widely considered as the most likely next pandemic.xi xii xiii 

The Manchester Institute of Biotechnology at The University of Manchester (MIB) and another leading University were engaged by 

Virustatic Limited over a ten-year period, to test and develop a novel virus-binding strategy that could be applied to different surfaces. 

The work undertaken was conducted across four distinct phases: 

Phase 1 – Concept & Prototype Development –  MIB & Leading London University 

Phase 2 – Application Development –  MIB 

Phase 3 – Material and Coating Performance Combinations – MIB 

Phase 4 – Live Influenza Testing for Material & Coating Evaluation – Leading London University 

Virustatic Shield is the commercial product resulting from these four phases of scientific research, development, design and testing. 

Phase 1 – Concept and prototype development – MIB & Unnamed Leading University

Report: 14/10/2011

Investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration devices - such as face masks - that 
can be used to remove influenza viruses from airflows. 

Objectives 

The main aim of this project was to investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration 
devices, e.g. face masks, that can be used to remove influenza viruses from airflows. The project had three objectives: 

1)  Identify possible sialylated3 conjugates, which mimic surface ligands on human tissue cells responsible for initial binding of 

influenza viruses. 

2)  Attach these sialylated conjugates onto activated carbon cloth to generate a Virustatic cloth prototype. 

3)  Test if Virustatic cloth prototype was able to retain live influenza virus from airflows 

Method

To enable testing of developmental samples at the MIB, plant lectins were used as simulated viruses as they imitate the viruses’ 

attachment mechanism. To ensure maximum efficacy of the final prototype two different lectins were used, one that mimics the 
attachment mechanism of avian influenza strain and one that simulates the binding mechanism of human flu strains. 

Fetuin glycoprotein was attached to multiple substrates including activated carbon cloth (ACC) and cotton wool. In testing, the 

glycoprotein failed to adsorb onto non-activated carbon substrates, which was explained by the oil in the cotton wool causing the 

material to be hydrophobic. Therefore, only fetuin on ACC was subjected to plant lectin assay tests. The results for these samples tested 

with the plant lectin demonstrated excellent capture rates on simulated viruses. 

Having developed methods of attachment, such as double dipping and drying, we tested the stability of the coated cloth. Samples of 

coated substrate were stored for 1 week, 2 weeks, 1 month, 3 months and 5 months under different storage conditions: room 

temperature in an open container; room temperature in the closed container; room temperature in the closed container in the inert 

effectiveness over time. Pressure drop tests were also conducted and showed virtually no restriction of flow through the filtering 

use of coated granulated carbon to remove pathogens from fluid flows was examined. 

Results

Uncoated carbon cloth was able to capture about 90% of the virus from the airflow passing through. With fetuin-treated samples, the 

virus was detected in the filtrate. 

above 99% efficiency 

The coated carbon cloth was tested at a London university against live influenza virus in air flows. The results demonstrated that the 
coating enhanced the cloth’s viral capture to over 99%. The results generated in the first phase of the project provided the evidence for 
the first Virustatic patent. 

Phase 2 – Application Development – MIB

This led us to explore proteins with a significantly longer shelf-life. Following on from the initial results, innovation focused on how to 

A review of alternative glycoproteins suggested lactoferrin to be comparable and more effective than fetuin with the added benefit that 

1)    Identify possible sialic acid binding proteins that would mimic binding of influenza haemagglutinin on to Virustatic cloth 

2)   

3)   

4)   

5)   

6)   Identify proteins with a significantly longer shelf-life 

Method

Results

Phase 3 – Material and Coating Performance Combinations – MIB

Objectives 

1)   Analyse the content and utility of four lactoferrin protein sources to use on subsequent tests

2)   Investigate the appearance and behaviour of cloth during contact with liquids

3)   Investigate the retention of lactoferrin on a shortlist of cloth material substrates

4)   Determine sialic acid display on all cloth material substrates

5)   Investigate the effectiveness of applying lactoferrins at different concentrations

6)   Investigate whether treatment of cloths with 

7)   Rank the best performing cloth-lactoferrin combinations based on SNA-FITC detected display of -2,6 linked sialic acids 

Results 

There was consistently higher binding of both SNA and WGA lectins on the treated material compared to the material substrate alone.

most efficient and co-treatment of the cloth with lactoferrin and cyclodextrin performed equally well on all tested cloths when

For SNA uptake, pretreatment cloth performs better for Polyester and ACC Polyester/Polyolefin, less well for ACC Viscose and ACC 

The combination of treatment with low amounts of lactoferrin (1 mg/mL) with the tested cloths was most efficient. The tested cloths 

that are not carbon activated (Polyamide and Polyester) perform well with regard to WGA lectin uptake and reasonable with regard to 

SNA lectin uptake.

All values obtained for WGA uptake on Polyamide (pre-treated, co-treated, lactoferrin only) are higher than those for the carbon 

Given the data generated, two possible testing regimes are proposed to be taken forward to live virus testing. It is proposed that the 

-cyclodextrin co-adsorbed onto the surface of the material substrates, are tested first. 

The data from this group will influence the decision on the second group that will then be challenged under live virus testing.

Phase 4 – Live Influenza Testing for Material & Coating Evaluation

the passages of airborne influenza virus.

Virustatic had intended to undertake live influenza virus testing with The Health and Safety Laboratory (HSL) in Buxton. However, HSL 
encountered major difficulties culturing an appropriate live virus strain and agreed to our proposal to switch to testing at the London 
university. Nevertheless, the London University, who had originally undertaken live virus testing for Virustatic’s proof of concept, 
successfully cultured live influenza viruses.

against an influenza virus challenge quantified through a material empty test channel in the test apparatus.

need for a pandemic influenza mask. This could potentially stop viruses circumventing a high pressure drop material and negate the 
need for facemask fitting.

Objectives

Compare different materials coated or uncoated for their ability to block the passage of live influenza viruses.

Methodology

Compare capacity for the following treatments to block airborne influenza virus by determining the amount of virus collected from 

1)   No filter holder 

2)   Filter holder with material A 

3)   Filter holder with material B 

layer configuration is used in FFP1, FFP2 and FFP3 dust masks.

The different types of material to be tested fell into 3 categories: 

1)   Materials that would allow for new single layer face mask designs. 

2)   Materials that would allow for the improvement in pre-existing face masks market. 

3)   

Results

The results indicate the coating substantially improves the capture rate of the influenza virus, achieving in 9/10 cases a capture rate of 

and public fields.

material binded to and delivered up to a 98% barrier to the influenza virus.

A Summary of the Lactoferrin and its Possible Antiviral effects.

Introduction

The glycoprotein Lactoferrin (LF) is a member of the transferrin protein family and is 80 kDa in size with high affinity for several metal 

variety of pathogens. Not unsurprisingly, therefore, it is found abundantly in breast milk as an important component of the passive 

related to inhibition of microbial growth as well as to modulation of motility, aggregation and biofilm formation of pathogenic bacteria. 

the viral envelope structures, specifically to the adenovirus penton base (polypeptide III), the protein responsible for the attachment of 

17. Berlutti F, Pantanella F, Natalizi T, Frioni A, Paesano R, Polimeni A, et al. Antiviral properties of lactoferrin--a natural immunity molecule. Molecules. 
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21. Nguyen DN, Sangild PT, Li Y, Bering SB, Chatterton DEW. Processing of whey modulates proliferative and immune functions in intestinal epithelial cells. J 
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24. Brogden KA, Johnson GK, Vincent SD, Abbasi T, Vali S. Oral inflammation, a role for antimicrobial peptide modulation of cytokine and chemokine responses. 
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37. Senapathi J, Bommakanti A, Mallepalli S, Mukhopadhyay S, Kondapi AK. Sulfonate modified Lactoferrin nanoparticles as drug carriers with dual activity 
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face covering. The product’s novel design is built on breakthrough findings on the efficacy of patented Viruferrin™ protein coating 
compound applied onto breathable hydrophilic fabrics that bind and render influenza viruses inert on contact.

 (WHO), the UK Government

Problems with face masks and coverings 

It has been observed that when wearing certified ‘face fit’ Personal Protective Equipment (PPE) masks, increased pressure caused by 
exhaling – and particularly coughing and sneezing – displaces the mask from the face leading to air leakage around its perimeter.
Surgical-type medical masks have been shown to leak exhaled air, and with coughs and sneezes, contaminated particles are redirected 

April 9, 2020, in the British Medical Journal, "None of the studies mentioned above tested the makeshift cloth masks that CDC has 

masks versus “standard practice” in preventing influenza-like illness in healthcare staff found that cloth masks were the least effective."

The solution: Virustatic Shield

sustains a low pressure drop even when sneezing and coughing, stopping the ingress and egress of the influenza viruses as the air 

fit-testing and, unlike the face-fit masks, protection is not compromised for those with stubble or facial hair. 

The Viroferrin™protein coating’s antimicrobial peptides have a cationic property which disrupt and inactivate the influenza virus 

MeSH Pharmacological Classification designates the lactoferrin in Viroferrin™ as an ‘Anti-Infective Agent’.  It classifies as a substance 
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For the last 10 years, Virustatic Limited has been developing and testing protein coatings against strains of influenza virus

influenza.  Influenza was the chosen virus as it was widely considered as the most likely next pandemic.

Phase 1 – Concept & Prototype Development –  MIB & Leading London University

Phase 2 – Application Development –  MIB 

Phase 3 – Material and Coating Performance Combinations – MIB 

Phase 4 – Live Influenza Testing for Material & Coating Evaluation – Leading London University 

Virustatic Shield is the commercial product resulting from these four phases of scientific research, development, design and testing. 

Phase 1 – Concept and prototype development – MIB & Unnamed Leading University

Investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration devices - such as face masks - that 
can be used to remove influenza viruses from airflows. 

Objectives

The main aim of this project was to investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration 
devices, e.g. face masks, that can be used to remove influenza viruses from airflows. The project had three objectives: 

1)   
influenza viruses

2)    Attach these sialylated conjugates onto activated carbon cloth to generate a Virustatic cloth prototype. 

3)    Test if Virustatic cloth prototype was able to retain live influenza virus from airflows 

Method

attachment mechanism. To ensure maximum efficacy of the final prototype two different lectins were used, one that mimics the 
attachment mechanism of avian influenza strain and one that simulates the binding mechanism of human flu strains. 

atmosphere; at 4 °C in the closed container; and at 4 °C in the closed container in the inert atmosphere before further processing and 

lectin assay. The results showed that the Viruferrin™ glycoprotein compound is stable and maintains its anti-pathogen capture 

effectiveness over time. Pressure drop tests were also conducted and showed virtually no restriction of flow through the filtering 
material. 

In addition to the testing of activated carbon cloth substrates, and to determine the wider applicability of the technology, the potential 

use of coated granulated carbon to remove pathogens from fluid flows was examined. 

Results

Uncoated carbon cloth was able to capture about 90% of the virus from the airflow passing through. With fetuin-treated samples, the 
live virus amounts obtained were on the limit of any detection. With the sample containing 0.6 mg fetuin/100 mg carbon cloth, no live 

virus was detected in the filtrate. 

With the sample containing 2.5 mg fetuin/100 mg carbon cloth 625 viral particles were detected in the whole sample, which represents 

above 99% efficiency 

The coated carbon cloth was tested at a London university against live influenza virus in air flows. The results demonstrated that the 
coating enhanced the cloth’s viral capture to over 99%. The results generated in the first phase of the project provided the evidence for 
the first Virustatic patent. 

Phase 2 – Application Development – MIB

Report: 20/06/2013

Having shown that carbon cloth can be treated to adsorb the heavily sialylated protein fetuin to generate Virustatic cloth which will 

keep its virus binding activity during long term storage periods of a minimum of 5 months, even under different storage conditions. 

This led us to explore proteins with a significantly longer shelf-life. Following on from the initial results, innovation focused on how to 
develop a method of attaching glycoproteins to other less expensive and more versatile substrates.

A review of alternative glycoproteins suggested lactoferrin to be comparable and more effective than fetuin with the added benefit that 
it is considerably less expensive and readily available from manufacturers around the world. It is a constituent part of mother milk, baby 

milk powder and health products.

1)  Identify possible sialic acid binding proteins that would mimic binding of influenza haemagglutinin on to Virustatic cloth 

2) Test adsorption of protein onto different cloths to identify a more commercially available Virustatic cloth 

3) Identify the most suitable production methods for Virustatic cloth fabrication 

4) Identify pressure drop across Virustatic cloth 

5) Identify alternative sialylated conjugates from bovine milk 

6) Identify proteins with a significantly longer shelf-life 

Method

The overall testing programme investigated the interaction of six cloth substrates (4 ACC and 2 non-ACC) together with different 

combinations of cyclodextrin and lactoferrin solutions in order to determine the best combination(s) of substrate, lactoferrin, and 

application methodology. 

Results

It was concluded from the test results that lactoferrin would perform equally if not better than fetuin and this would enable products to 

be designed using readily available, ‘everyday’ materials coated with the cheaper and more abundant glycoprotein, lactoferrin. 

Phase 3 – Material and Coating Performance Combinations – MIB

Objectives 

1)   Analyse the content and utility of four lactoferrin protein sources to use on subsequent tests

2)   Investigate the appearance and behaviour of cloth during contact with liquids

3)   Investigate the retention of lactoferrin on a shortlist of cloth material substrates

4)   Determine sialic acid display on all cloth material substrates

5)   Investigate the effectiveness of applying lactoferrins at different concentrations

6)   Investigate whether treatment of cloths with 

7)   Rank the best performing cloth-lactoferrin combinations based on SNA-FITC detected display of -2,6 linked sialic acids 

Results 

There was consistently higher binding of both SNA and WGA lectins on the treated material compared to the material substrate alone.

most efficient and co-treatment of the cloth with lactoferrin and cyclodextrin performed equally well on all tested cloths when

For SNA uptake, pretreatment cloth performs better for Polyester and ACC Polyester/Polyolefin, less well for ACC Viscose and ACC 

The combination of treatment with low amounts of lactoferrin (1 mg/mL) with the tested cloths was most efficient. The tested cloths 

that are not carbon activated (Polyamide and Polyester) perform well with regard to WGA lectin uptake and reasonable with regard to 

SNA lectin uptake.

All values obtained for WGA uptake on Polyamide (pre-treated, co-treated, lactoferrin only) are higher than those for the carbon 

Given the data generated, two possible testing regimes are proposed to be taken forward to live virus testing. It is proposed that the 

-cyclodextrin co-adsorbed onto the surface of the material substrates, are tested first. 

The data from this group will influence the decision on the second group that will then be challenged under live virus testing.

Phase 4 – Live Influenza Testing for Material & Coating Evaluation

the passages of airborne influenza virus.

Virustatic had intended to undertake live influenza virus testing with The Health and Safety Laboratory (HSL) in Buxton. However, HSL 
encountered major difficulties culturing an appropriate live virus strain and agreed to our proposal to switch to testing at the London 
university. Nevertheless, the London University, who had originally undertaken live virus testing for Virustatic’s proof of concept, 
successfully cultured live influenza viruses.

against an influenza virus challenge quantified through a material empty test channel in the test apparatus.

need for a pandemic influenza mask. This could potentially stop viruses circumventing a high pressure drop material and negate the 
need for facemask fitting.

Objectives

Compare different materials coated or uncoated for their ability to block the passage of live influenza viruses.

Methodology

Compare capacity for the following treatments to block airborne influenza virus by determining the amount of virus collected from 

1)   No filter holder 

2)   Filter holder with material A 

3)   Filter holder with material B 

layer configuration is used in FFP1, FFP2 and FFP3 dust masks.

The different types of material to be tested fell into 3 categories: 

1)   Materials that would allow for new single layer face mask designs. 

2)   Materials that would allow for the improvement in pre-existing face masks market. 

3)   

Results

The results indicate the coating substantially improves the capture rate of the influenza virus, achieving in 9/10 cases a capture rate of 

and public fields.

material binded to and delivered up to a 98% barrier to the influenza virus.

A Summary of the Lactoferrin and its Possible Antiviral effects.

Introduction

The glycoprotein Lactoferrin (LF) is a member of the transferrin protein family and is 80 kDa in size with high affinity for several metal 

variety of pathogens. Not unsurprisingly, therefore, it is found abundantly in breast milk as an important component of the passive 

related to inhibition of microbial growth as well as to modulation of motility, aggregation and biofilm formation of pathogenic bacteria. 

the viral envelope structures, specifically to the adenovirus penton base (polypeptide III), the protein responsible for the attachment of 
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face covering. The product’s novel design is built on breakthrough findings on the efficacy of patented Viruferrin™ protein coating 
compound applied onto breathable hydrophilic fabrics that bind and render influenza viruses inert on contact.

 (WHO), the UK Government

Problems with face masks and coverings 

It has been observed that when wearing certified ‘face fit’ Personal Protective Equipment (PPE) masks, increased pressure caused by 
exhaling – and particularly coughing and sneezing – displaces the mask from the face leading to air leakage around its perimeter.
Surgical-type medical masks have been shown to leak exhaled air, and with coughs and sneezes, contaminated particles are redirected 

April 9, 2020, in the British Medical Journal, "None of the studies mentioned above tested the makeshift cloth masks that CDC has 

masks versus “standard practice” in preventing influenza-like illness in healthcare staff found that cloth masks were the least effective."

The solution: Virustatic Shield

sustains a low pressure drop even when sneezing and coughing, stopping the ingress and egress of the influenza viruses as the air 

fit-testing and, unlike the face-fit masks, protection is not compromised for those with stubble or facial hair. 

The Viroferrin™protein coating’s antimicrobial peptides have a cationic property which disrupt and inactivate the influenza virus 

MeSH Pharmacological Classification designates the lactoferrin in Viroferrin™ as an ‘Anti-Infective Agent’.  It classifies as a substance 
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For the last 10 years, Virustatic Limited has been developing and testing protein coatings against strains of influenza virus

influenza.  Influenza was the chosen virus as it was widely considered as the most likely next pandemic.

Phase 1 – Concept & Prototype Development –  MIB & Leading London University

Phase 2 – Application Development –  MIB 

Phase 3 – Material and Coating Performance Combinations – MIB 

Phase 4 – Live Influenza Testing for Material & Coating Evaluation – Leading London University 

Virustatic Shield is the commercial product resulting from these four phases of scientific research, development, design and testing. 

Phase 1 – Concept and prototype development – MIB & Unnamed Leading University

Investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration devices - such as face masks - that 
can be used to remove influenza viruses from airflows. 

Objectives

The main aim of this project was to investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration 
devices, e.g. face masks, that can be used to remove influenza viruses from airflows. The project had three objectives: 

1)   
influenza viruses

2)    Attach these sialylated conjugates onto activated carbon cloth to generate a Virustatic cloth prototype. 

3)    Test if Virustatic cloth prototype was able to retain live influenza virus from airflows 

Method

attachment mechanism. To ensure maximum efficacy of the final prototype two different lectins were used, one that mimics the 
attachment mechanism of avian influenza strain and one that simulates the binding mechanism of human flu strains. 

effectiveness over time. Pressure drop tests were also conducted and showed virtually no restriction of flow through the filtering 

use of coated granulated carbon to remove pathogens from fluid flows was examined. 

Results

Uncoated carbon cloth was able to capture about 90% of the virus from the airflow passing through. With fetuin-treated samples, the 

virus was detected in the filtrate. 

above 99% efficiency 

The coated carbon cloth was tested at a London university against live influenza virus in air flows. The results demonstrated that the 
coating enhanced the cloth’s viral capture to over 99%. The results generated in the first phase of the project provided the evidence for 
the first Virustatic patent. 

Phase 2 – Application Development – MIB

This led us to explore proteins with a significantly longer shelf-life. Following on from the initial results, innovation focused on how to 

A review of alternative glycoproteins suggested lactoferrin to be comparable and more effective than fetuin with the added benefit that 

1)    Identify possible sialic acid binding proteins that would mimic binding of influenza haemagglutinin on to Virustatic cloth 

2)   

3)   

4)   

5)   

6)   Identify proteins with a significantly longer shelf-life 

Method

Results

Phase 3 – Material and Coating Performance Combinations – MIB

Report date: 12/01/2017

Investigate the performance of a range of Virustatic-chosen materials in combination with lactoferrin, in simulated virus binding tests, in 

advance of testing with live viruses.4 

Objectives 

1) Analyse the content and utility of four lactoferrin protein sources to use on subsequent tests

2) Investigate the appearance and behaviour of cloth during contact with liquids

3) Investigate the retention of lactoferrin on a shortlist of cloth material substrates

4) Determine sialic acid display on all cloth material substrates

5) Investigate the effectiveness of applying lactoferrins at different concentrations

6) Investigate whether treatment of cloths with β-cyclodextrins could enhance the display of sialic acids on the cloth surfaces

7) Rank the best performing cloth-lactoferrin combinations based on SNA-FITC detected display of α-2,6 linked sialic acids 

Results 

There was consistently higher binding of both SNA and WGA lectins on the treated material compared to the material substrate alone.

Overall it can be concluded that the combination of treatment with low amounts of lactoferrin (1 mg/ml) with the tested cloths was the 

most efficient and co-treatment of the cloth with lactoferrin and cyclodextrin performed equally well on all tested cloths when 

compared to lactoferrin only.

For SNA uptake, pretreatment cloth performs better for Polyester and ACC Polyester/Polyolefin, less well for ACC Viscose and ACC 

Foam and equal for Polyamide and ACC Polyester.

The combination of treatment with low amounts of lactoferrin (1 mg/mL) with the tested cloths was most efficient. The tested cloths 

that are not carbon activated (Polyamide and Polyester) perform well with regard to WGA lectin uptake and reasonable with regard to 

SNA lectin uptake.

All values obtained for WGA uptake on Polyamide (pre-treated, co-treated, lactoferrin only) are higher than those for the carbon 

activated cloths. Co-treatment of the cloth with lactoferrin and the β-cyclodextrins performs on all tested cloths equally well compared 

to lactoferrin only.

Given the data generated, two possible testing regimes are proposed to be taken forward to live virus testing. It is proposed that the 

group 1 samples, in which the lactoferrin and the β-cyclodextrin co-adsorbed onto the surface of the material substrates, are tested first. 

The data from this group will influence the decision on the second group that will then be challenged under live virus testing.

Phase 4 – Live Influenza Testing for Material & Coating Evaluation

In December 2017, the London University carried out a preliminary testing of the ability of materials coated with Viruferrin™ to block 

the passages of airborne influenza virus.

Virustatic had intended to undertake live influenza virus testing with The Health and Safety Laboratory (HSL) in Buxton. However, HSL 
encountered major difficulties culturing an appropriate live virus strain and agreed to our proposal to switch to testing at the London 
university. Nevertheless, the London University, who had originally undertaken live virus testing for Virustatic’s proof of concept, 
successfully cultured live influenza viruses.

against an influenza virus challenge quantified through a material empty test channel in the test apparatus.

need for a pandemic influenza mask. This could potentially stop viruses circumventing a high pressure drop material and negate the 
need for facemask fitting.

Objectives

Compare different materials coated or uncoated for their ability to block the passage of live influenza viruses.

Methodology

Compare capacity for the following treatments to block airborne influenza virus by determining the amount of virus collected from 

1)   No filter holder 

2)   Filter holder with material A 

3)   Filter holder with material B 

layer configuration is used in FFP1, FFP2 and FFP3 dust masks.

The different types of material to be tested fell into 3 categories: 

1)   Materials that would allow for new single layer face mask designs. 

2)   Materials that would allow for the improvement in pre-existing face masks market. 

3)   

Results

The results indicate the coating substantially improves the capture rate of the influenza virus, achieving in 9/10 cases a capture rate of 

and public fields.

material binded to and delivered up to a 98% barrier to the influenza virus.

A Summary of the Lactoferrin and its Possible Antiviral effects.

Introduction

The glycoprotein Lactoferrin (LF) is a member of the transferrin protein family and is 80 kDa in size with high affinity for several metal 

variety of pathogens. Not unsurprisingly, therefore, it is found abundantly in breast milk as an important component of the passive 

related to inhibition of microbial growth as well as to modulation of motility, aggregation and biofilm formation of pathogenic bacteria. 

the viral envelope structures, specifically to the adenovirus penton base (polypeptide III), the protein responsible for the attachment of 
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face covering. The product’s novel design is built on breakthrough findings on the efficacy of patented Viruferrin™ protein coating 
compound applied onto breathable hydrophilic fabrics that bind and render influenza viruses inert on contact.

 (WHO), the UK Government

Problems with face masks and coverings 

It has been observed that when wearing certified ‘face fit’ Personal Protective Equipment (PPE) masks, increased pressure caused by 
exhaling – and particularly coughing and sneezing – displaces the mask from the face leading to air leakage around its perimeter.
Surgical-type medical masks have been shown to leak exhaled air, and with coughs and sneezes, contaminated particles are redirected 

April 9, 2020, in the British Medical Journal, "None of the studies mentioned above tested the makeshift cloth masks that CDC has 

masks versus “standard practice” in preventing influenza-like illness in healthcare staff found that cloth masks were the least effective."

The solution: Virustatic Shield

sustains a low pressure drop even when sneezing and coughing, stopping the ingress and egress of the influenza viruses as the air 

fit-testing and, unlike the face-fit masks, protection is not compromised for those with stubble or facial hair. 

The Viroferrin™protein coating’s antimicrobial peptides have a cationic property which disrupt and inactivate the influenza virus 

MeSH Pharmacological Classification designates the lactoferrin in Viroferrin™ as an ‘Anti-Infective Agent’.  It classifies as a substance 
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For the last 10 years, Virustatic Limited has been developing and testing protein coatings against strains of influenza virus

influenza.  Influenza was the chosen virus as it was widely considered as the most likely next pandemic.

Phase 1 – Concept & Prototype Development –  MIB & Leading London University

Phase 2 – Application Development –  MIB 

Phase 3 – Material and Coating Performance Combinations – MIB 

Phase 4 – Live Influenza Testing for Material & Coating Evaluation – Leading London University 

Virustatic Shield is the commercial product resulting from these four phases of scientific research, development, design and testing. 

Phase 1 – Concept and prototype development – MIB & Unnamed Leading University

Investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration devices - such as face masks - that 
can be used to remove influenza viruses from airflows. 

Objectives

The main aim of this project was to investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration 
devices, e.g. face masks, that can be used to remove influenza viruses from airflows. The project had three objectives: 

1)   
influenza viruses

2)    Attach these sialylated conjugates onto activated carbon cloth to generate a Virustatic cloth prototype. 

3)    Test if Virustatic cloth prototype was able to retain live influenza virus from airflows 

Method

attachment mechanism. To ensure maximum efficacy of the final prototype two different lectins were used, one that mimics the 
attachment mechanism of avian influenza strain and one that simulates the binding mechanism of human flu strains. 

effectiveness over time. Pressure drop tests were also conducted and showed virtually no restriction of flow through the filtering 

use of coated granulated carbon to remove pathogens from fluid flows was examined. 

Results

Uncoated carbon cloth was able to capture about 90% of the virus from the airflow passing through. With fetuin-treated samples, the 

virus was detected in the filtrate. 

above 99% efficiency 

The coated carbon cloth was tested at a London university against live influenza virus in air flows. The results demonstrated that the 
coating enhanced the cloth’s viral capture to over 99%. The results generated in the first phase of the project provided the evidence for 
the first Virustatic patent. 

Phase 2 – Application Development – MIB

This led us to explore proteins with a significantly longer shelf-life. Following on from the initial results, innovation focused on how to 

A review of alternative glycoproteins suggested lactoferrin to be comparable and more effective than fetuin with the added benefit that 

1)    Identify possible sialic acid binding proteins that would mimic binding of influenza haemagglutinin on to Virustatic cloth 

2)   

3)   

4)   

5)   

6)   Identify proteins with a significantly longer shelf-life 

Method

Results

Phase 3 – Material and Coating Performance Combinations – MIB

Objectives 

1)   Analyse the content and utility of four lactoferrin protein sources to use on subsequent tests

2)   Investigate the appearance and behaviour of cloth during contact with liquids

3)   Investigate the retention of lactoferrin on a shortlist of cloth material substrates

4)   Determine sialic acid display on all cloth material substrates

5)   Investigate the effectiveness of applying lactoferrins at different concentrations

6)   Investigate whether treatment of cloths with 

7)   Rank the best performing cloth-lactoferrin combinations based on SNA-FITC detected display of -2,6 linked sialic acids 

Results 

There was consistently higher binding of both SNA and WGA lectins on the treated material compared to the material substrate alone.

most efficient and co-treatment of the cloth with lactoferrin and cyclodextrin performed equally well on all tested cloths when

For SNA uptake, pretreatment cloth performs better for Polyester and ACC Polyester/Polyolefin, less well for ACC Viscose and ACC 

The combination of treatment with low amounts of lactoferrin (1 mg/mL) with the tested cloths was most efficient. The tested cloths 

that are not carbon activated (Polyamide and Polyester) perform well with regard to WGA lectin uptake and reasonable with regard to 

SNA lectin uptake.

All values obtained for WGA uptake on Polyamide (pre-treated, co-treated, lactoferrin only) are higher than those for the carbon 

Given the data generated, two possible testing regimes are proposed to be taken forward to live virus testing. It is proposed that the 

-cyclodextrin co-adsorbed onto the surface of the material substrates, are tested first. 

The data from this group will influence the decision on the second group that will then be challenged under live virus testing.

Phase 4 – Live Influenza Testing for Material & Coating Evaluation

the passages of airborne influenza virus.

Virustatic had intended to undertake live influenza virus testing with The Health and Safety Laboratory (HSL) in Buxton. However, HSL 
encountered major difficulties culturing an appropriate live virus strain and agreed to our proposal to switch to testing at the London 
university. Nevertheless, the London University, who had originally undertaken live virus testing for Virustatic’s proof of concept, 
successfully cultured live influenza viruses.

In 2018, Virustatic requested further testing using that same procedure on a total of 10 materials to be provided blind. Ten material 

samples were coated with Viruferrin™, the same 10 materials were uncoated, and the results were compared.

The team from the London University led the live virus testing regime, which required triple testing of coated and uncoated material 

against an influenza virus challenge quantified through a material empty test channel in the test apparatus.

Virustatic introduced a number of coated materials to the samples that could be used in snood design, as a practical response to the 

need for a pandemic influenza mask. This could potentially stop viruses circumventing a high pressure drop material and negate the 
need for facemask fitting.

Objectives

Compare different materials coated or uncoated for their ability to block the passage of live influenza viruses.

Methodology

Compare capacity for the following treatments to block airborne influenza virus by determining the amount of virus collected from 
sampled air that has been passed through the following:

1) No filter holder 

2) Filter holder with material A 

3) Filter holder with material B 

All the materials which were selected for testing were single layered, low pressure drop, hydrophilic materials and the pressure drop 

across the material will not increase due to aerosol capture on the surface except for Sample 1 which was a three-layered sample. This 

layer configuration is used in FFP1, FFP2 and FFP3 dust masks.

The different types of material to be tested fell into 3 categories: 

1) Materials that would allow for new single layer face mask designs. 

2) Materials that would allow for the improvement in pre-existing face masks market. 

3) Materials that could be used in the general medical use.

Testing to be repeated for each material a minimum of 3 times on 3 different days to reveal variation in material performance

Results

The results indicate the coating substantially improves the capture rate of the influenza virus, achieving in 9/10 cases a capture rate of 
>90% and an average improvement of 35% over the 10 materials.

A Summary of the Lactoferrin and its Possible Antiviral effects.

Introduction

The glycoprotein Lactoferrin (LF) is a member of the transferrin protein family and is 80 kDa in size with high affinity for several metal 

variety of pathogens. Not unsurprisingly, therefore, it is found abundantly in breast milk as an important component of the passive 

related to inhibition of microbial growth as well as to modulation of motility, aggregation and biofilm formation of pathogenic bacteria. 

the viral envelope structures, specifically to the adenovirus penton base (polypeptide III), the protein responsible for the attachment of 
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face covering. The product’s novel design is built on breakthrough findings on the efficacy of patented Viruferrin™ protein coating 
compound applied onto breathable hydrophilic fabrics that bind and render influenza viruses inert on contact.

 (WHO), the UK Government

Problems with face masks and coverings 

It has been observed that when wearing certified ‘face fit’ Personal Protective Equipment (PPE) masks, increased pressure caused by 
exhaling – and particularly coughing and sneezing – displaces the mask from the face leading to air leakage around its perimeter.
Surgical-type medical masks have been shown to leak exhaled air, and with coughs and sneezes, contaminated particles are redirected 

April 9, 2020, in the British Medical Journal, "None of the studies mentioned above tested the makeshift cloth masks that CDC has 

masks versus “standard practice” in preventing influenza-like illness in healthcare staff found that cloth masks were the least effective."

The solution: Virustatic Shield

sustains a low pressure drop even when sneezing and coughing, stopping the ingress and egress of the influenza viruses as the air 

fit-testing and, unlike the face-fit masks, protection is not compromised for those with stubble or facial hair. 

The Viroferrin™protein coating’s antimicrobial peptides have a cationic property which disrupt and inactivate the influenza virus 

MeSH Pharmacological Classification designates the lactoferrin in Viroferrin™ as an ‘Anti-Infective Agent’.  It classifies as a substance 
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The results show that materials could be coated and utilised in either a standalone single layer face covering or a pre-existing facemask 

design to form an antiviral face mask. In attaching our coating to other materials, we could develop masks for other uses in the medical 

and public fields.

The best result was with what is now the Viruferrin™ coated viscose blend used in Virustatic Shield™. Tests showed that the coated 

material binded to and delivered up to a 98% barrier to the influenza virus.
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For the last 10 years, Virustatic Limited has been developing and testing protein coatings against strains of influenza virus

influenza.  Influenza was the chosen virus as it was widely considered as the most likely next pandemic.

Phase 1 – Concept & Prototype Development –  MIB & Leading London University

Phase 2 – Application Development –  MIB 

Phase 3 – Material and Coating Performance Combinations – MIB 

Phase 4 – Live Influenza Testing for Material & Coating Evaluation – Leading London University 

Virustatic Shield is the commercial product resulting from these four phases of scientific research, development, design and testing. 

Phase 1 – Concept and prototype development – MIB & Unnamed Leading University

Investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration devices - such as face masks - that 
can be used to remove influenza viruses from airflows. 

Objectives

The main aim of this project was to investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration 
devices, e.g. face masks, that can be used to remove influenza viruses from airflows. The project had three objectives: 

1)   
influenza viruses

2)    Attach these sialylated conjugates onto activated carbon cloth to generate a Virustatic cloth prototype. 

3)    Test if Virustatic cloth prototype was able to retain live influenza virus from airflows 

Method

attachment mechanism. To ensure maximum efficacy of the final prototype two different lectins were used, one that mimics the 
attachment mechanism of avian influenza strain and one that simulates the binding mechanism of human flu strains. 

effectiveness over time. Pressure drop tests were also conducted and showed virtually no restriction of flow through the filtering 

use of coated granulated carbon to remove pathogens from fluid flows was examined. 

Results

Uncoated carbon cloth was able to capture about 90% of the virus from the airflow passing through. With fetuin-treated samples, the 

virus was detected in the filtrate. 

above 99% efficiency 

The coated carbon cloth was tested at a London university against live influenza virus in air flows. The results demonstrated that the 
coating enhanced the cloth’s viral capture to over 99%. The results generated in the first phase of the project provided the evidence for 
the first Virustatic patent. 

Phase 2 – Application Development – MIB

This led us to explore proteins with a significantly longer shelf-life. Following on from the initial results, innovation focused on how to 

A review of alternative glycoproteins suggested lactoferrin to be comparable and more effective than fetuin with the added benefit that 

1)    Identify possible sialic acid binding proteins that would mimic binding of influenza haemagglutinin on to Virustatic cloth 

2)   

3)   

4)   

5)   

6)   Identify proteins with a significantly longer shelf-life 

Method

Results

Phase 3 – Material and Coating Performance Combinations – MIB

Objectives 

1)   Analyse the content and utility of four lactoferrin protein sources to use on subsequent tests

2)   Investigate the appearance and behaviour of cloth during contact with liquids

3)   Investigate the retention of lactoferrin on a shortlist of cloth material substrates

4)   Determine sialic acid display on all cloth material substrates

5)   Investigate the effectiveness of applying lactoferrins at different concentrations

6)   Investigate whether treatment of cloths with 

7)   Rank the best performing cloth-lactoferrin combinations based on SNA-FITC detected display of -2,6 linked sialic acids 

Results 

There was consistently higher binding of both SNA and WGA lectins on the treated material compared to the material substrate alone.

most efficient and co-treatment of the cloth with lactoferrin and cyclodextrin performed equally well on all tested cloths when

For SNA uptake, pretreatment cloth performs better for Polyester and ACC Polyester/Polyolefin, less well for ACC Viscose and ACC 

The combination of treatment with low amounts of lactoferrin (1 mg/mL) with the tested cloths was most efficient. The tested cloths 

that are not carbon activated (Polyamide and Polyester) perform well with regard to WGA lectin uptake and reasonable with regard to 

SNA lectin uptake.

All values obtained for WGA uptake on Polyamide (pre-treated, co-treated, lactoferrin only) are higher than those for the carbon 

Given the data generated, two possible testing regimes are proposed to be taken forward to live virus testing. It is proposed that the 

-cyclodextrin co-adsorbed onto the surface of the material substrates, are tested first. 

The data from this group will influence the decision on the second group that will then be challenged under live virus testing.

Phase 4 – Live Influenza Testing for Material & Coating Evaluation

the passages of airborne influenza virus.

Virustatic had intended to undertake live influenza virus testing with The Health and Safety Laboratory (HSL) in Buxton. However, HSL 
encountered major difficulties culturing an appropriate live virus strain and agreed to our proposal to switch to testing at the London 
university. Nevertheless, the London University, who had originally undertaken live virus testing for Virustatic’s proof of concept, 
successfully cultured live influenza viruses.

against an influenza virus challenge quantified through a material empty test channel in the test apparatus.

need for a pandemic influenza mask. This could potentially stop viruses circumventing a high pressure drop material and negate the 
need for facemask fitting.

Objectives

Compare different materials coated or uncoated for their ability to block the passage of live influenza viruses.

Methodology

Compare capacity for the following treatments to block airborne influenza virus by determining the amount of virus collected from 

1)   No filter holder 

2)   Filter holder with material A 

3)   Filter holder with material B 

layer configuration is used in FFP1, FFP2 and FFP3 dust masks.

The different types of material to be tested fell into 3 categories: 

1)   Materials that would allow for new single layer face mask designs. 

2)   Materials that would allow for the improvement in pre-existing face masks market. 

3)   

Results

The results indicate the coating substantially improves the capture rate of the influenza virus, achieving in 9/10 cases a capture rate of 

and public fields.

material binded to and delivered up to a 98% barrier to the influenza virus.

A Summary of the Lactoferrin and its Possible Antiviral effects.

Introduction

The glycoprotein Lactoferrin (LF) is a member of the transferrin protein family and is 80 kDa in size with high affinity for several metal 

variety of pathogens. Not unsurprisingly, therefore, it is found abundantly in breast milk as an important component of the passive 

related to inhibition of microbial growth as well as to modulation of motility, aggregation and biofilm formation of pathogenic bacteria. 

the viral envelope structures, specifically to the adenovirus penton base (polypeptide III), the protein responsible for the attachment of 
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Virustatic Shield – Our Research, Development and Innovation Journey

face covering. The product’s novel design is built on breakthrough findings on the efficacy of patented Viruferrin™ protein coating 
compound applied onto breathable hydrophilic fabrics that bind and render influenza viruses inert on contact.

 (WHO), the UK Government

Problems with face masks and coverings 

It has been observed that when wearing certified ‘face fit’ Personal Protective Equipment (PPE) masks, increased pressure caused by 
exhaling – and particularly coughing and sneezing – displaces the mask from the face leading to air leakage around its perimeter.
Surgical-type medical masks have been shown to leak exhaled air, and with coughs and sneezes, contaminated particles are redirected 

April 9, 2020, in the British Medical Journal, "None of the studies mentioned above tested the makeshift cloth masks that CDC has 

masks versus “standard practice” in preventing influenza-like illness in healthcare staff found that cloth masks were the least effective."

The solution: Virustatic Shield

sustains a low pressure drop even when sneezing and coughing, stopping the ingress and egress of the influenza viruses as the air 

fit-testing and, unlike the face-fit masks, protection is not compromised for those with stubble or facial hair. 

The Viroferrin™protein coating’s antimicrobial peptides have a cationic property which disrupt and inactivate the influenza virus 

MeSH Pharmacological Classification designates the lactoferrin in Viroferrin™ as an ‘Anti-Infective Agent’.  It classifies as a substance 
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For the last 10 years, Virustatic Limited has been developing and testing protein coatings against strains of influenza virus

influenza.  Influenza was the chosen virus as it was widely considered as the most likely next pandemic.

Phase 1 – Concept & Prototype Development –  MIB & Leading London University

Phase 2 – Application Development –  MIB 

Phase 3 – Material and Coating Performance Combinations – MIB 

Phase 4 – Live Influenza Testing for Material & Coating Evaluation – Leading London University 

Virustatic Shield is the commercial product resulting from these four phases of scientific research, development, design and testing. 

Phase 1 – Concept and prototype development – MIB & Unnamed Leading University

Investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration devices - such as face masks - that 
can be used to remove influenza viruses from airflows. 

Objectives

The main aim of this project was to investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration 
devices, e.g. face masks, that can be used to remove influenza viruses from airflows. The project had three objectives: 

1)   
influenza viruses

2)    Attach these sialylated conjugates onto activated carbon cloth to generate a Virustatic cloth prototype. 

3)    Test if Virustatic cloth prototype was able to retain live influenza virus from airflows 

Method

attachment mechanism. To ensure maximum efficacy of the final prototype two different lectins were used, one that mimics the 
attachment mechanism of avian influenza strain and one that simulates the binding mechanism of human flu strains. 

effectiveness over time. Pressure drop tests were also conducted and showed virtually no restriction of flow through the filtering 

use of coated granulated carbon to remove pathogens from fluid flows was examined. 

Results

Uncoated carbon cloth was able to capture about 90% of the virus from the airflow passing through. With fetuin-treated samples, the 

virus was detected in the filtrate. 

above 99% efficiency 

The coated carbon cloth was tested at a London university against live influenza virus in air flows. The results demonstrated that the 
coating enhanced the cloth’s viral capture to over 99%. The results generated in the first phase of the project provided the evidence for 
the first Virustatic patent. 

Phase 2 – Application Development – MIB

This led us to explore proteins with a significantly longer shelf-life. Following on from the initial results, innovation focused on how to 

A review of alternative glycoproteins suggested lactoferrin to be comparable and more effective than fetuin with the added benefit that 

1)    Identify possible sialic acid binding proteins that would mimic binding of influenza haemagglutinin on to Virustatic cloth 

2)   

3)   

4)   

5)   

6)   Identify proteins with a significantly longer shelf-life 

Method

Results

Phase 3 – Material and Coating Performance Combinations – MIB

Objectives 

1)   Analyse the content and utility of four lactoferrin protein sources to use on subsequent tests

2)   Investigate the appearance and behaviour of cloth during contact with liquids

3)   Investigate the retention of lactoferrin on a shortlist of cloth material substrates

4)   Determine sialic acid display on all cloth material substrates

5)   Investigate the effectiveness of applying lactoferrins at different concentrations

6)   Investigate whether treatment of cloths with 

7)   Rank the best performing cloth-lactoferrin combinations based on SNA-FITC detected display of -2,6 linked sialic acids 

Results 

There was consistently higher binding of both SNA and WGA lectins on the treated material compared to the material substrate alone.

most efficient and co-treatment of the cloth with lactoferrin and cyclodextrin performed equally well on all tested cloths when

For SNA uptake, pretreatment cloth performs better for Polyester and ACC Polyester/Polyolefin, less well for ACC Viscose and ACC 

The combination of treatment with low amounts of lactoferrin (1 mg/mL) with the tested cloths was most efficient. The tested cloths 

that are not carbon activated (Polyamide and Polyester) perform well with regard to WGA lectin uptake and reasonable with regard to 

SNA lectin uptake.

All values obtained for WGA uptake on Polyamide (pre-treated, co-treated, lactoferrin only) are higher than those for the carbon 

Given the data generated, two possible testing regimes are proposed to be taken forward to live virus testing. It is proposed that the 

-cyclodextrin co-adsorbed onto the surface of the material substrates, are tested first. 

The data from this group will influence the decision on the second group that will then be challenged under live virus testing.

Phase 4 – Live Influenza Testing for Material & Coating Evaluation

the passages of airborne influenza virus.

Virustatic had intended to undertake live influenza virus testing with The Health and Safety Laboratory (HSL) in Buxton. However, HSL 
encountered major difficulties culturing an appropriate live virus strain and agreed to our proposal to switch to testing at the London 
university. Nevertheless, the London University, who had originally undertaken live virus testing for Virustatic’s proof of concept, 
successfully cultured live influenza viruses.

against an influenza virus challenge quantified through a material empty test channel in the test apparatus.

need for a pandemic influenza mask. This could potentially stop viruses circumventing a high pressure drop material and negate the 
need for facemask fitting.

Objectives

Compare different materials coated or uncoated for their ability to block the passage of live influenza viruses.

Methodology

Compare capacity for the following treatments to block airborne influenza virus by determining the amount of virus collected from 

1)   No filter holder 

2)   Filter holder with material A 

3)   Filter holder with material B 

layer configuration is used in FFP1, FFP2 and FFP3 dust masks.

The different types of material to be tested fell into 3 categories: 

1)   Materials that would allow for new single layer face mask designs. 

2)   Materials that would allow for the improvement in pre-existing face masks market. 

3)   

Results

The results indicate the coating substantially improves the capture rate of the influenza virus, achieving in 9/10 cases a capture rate of 

and public fields.

material binded to and delivered up to a 98% barrier to the influenza virus.

A Summary of the Lactoferrin and its Possible Antiviral effects.

Introduction

The glycoprotein Lactoferrin (LF) is a member of the transferrin protein family and is 80 kDa in size with high affinity for several metal 

irons notably iron.

It is abundant in the human body and performs a variety of functions, not least in the innate immune system where it binds to a wide 

variety of pathogens. Not unsurprisingly, therefore, it is found abundantly in breast milk as an important component of the passive 

immunity between mother and child [1].

LF has a multitude of biological functions including antibacterial, antifungal, antiviral, antioxidant, immunomodulatory, cell growth 

modulatory and binding functions, plus the neutralisation of some bioactive substances such as lipopolysaccharides (LPS) and 

glycosaminoglycans [2-5].

LF has also been shown to have antiviral effects, both indirectly and directly [6-16]. It has been proposed that its iron withholding ability is 

related to inhibition of microbial growth as well as to modulation of motility, aggregation and biofilm formation of pathogenic bacteria. 

Independently of iron-binding capability, lactoferrin interacts with microbial, viral and cell surfaces, thus inhibiting microbial and viral 

adhesion and entry into host cells [17].

The antimicrobial and  antiviral effects of LF are often attributed to its immunomodulatory capacity , for which there is certainly 

evidence, but direct interference in the virus lifecycle for many viruses has also been shown and is well summarised in 

Redwan et al. 2014 [16]. 

As examples, the mechanism of action of LF against adenovirus is exerted during the virus attachment step, and also inhibits virus 

replication, mainly by competing for the cellular membrane glycosaminoglycan. LF also interferes with adenoviral infection by binding to 

the viral envelope structures, specifically to the adenovirus penton base (polypeptide III), the protein responsible for the attachment of 

the virion to the cell receptor integrins and its subsequent internalisation [26].

LF can also exert its antiviral activity by interfering directly with other viral particles, e.g. feline herpesvirus (FHV-1), HCV, and HIV [27-36]. 
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face covering. The product’s novel design is built on breakthrough findings on the efficacy of patented Viruferrin™ protein coating 
compound applied onto breathable hydrophilic fabrics that bind and render influenza viruses inert on contact.

 (WHO), the UK Government

Problems with face masks and coverings 

It has been observed that when wearing certified ‘face fit’ Personal Protective Equipment (PPE) masks, increased pressure caused by 
exhaling – and particularly coughing and sneezing – displaces the mask from the face leading to air leakage around its perimeter.
Surgical-type medical masks have been shown to leak exhaled air, and with coughs and sneezes, contaminated particles are redirected 

April 9, 2020, in the British Medical Journal, "None of the studies mentioned above tested the makeshift cloth masks that CDC has 

masks versus “standard practice” in preventing influenza-like illness in healthcare staff found that cloth masks were the least effective."

The solution: Virustatic Shield

sustains a low pressure drop even when sneezing and coughing, stopping the ingress and egress of the influenza viruses as the air 

fit-testing and, unlike the face-fit masks, protection is not compromised for those with stubble or facial hair. 

The Viroferrin™protein coating’s antimicrobial peptides have a cationic property which disrupt and inactivate the influenza virus 

MeSH Pharmacological Classification designates the lactoferrin in Viroferrin™ as an ‘Anti-Infective Agent’.  It classifies as a substance 
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For the last 10 years, Virustatic Limited has been developing and testing protein coatings against strains of influenza virus

influenza.  Influenza was the chosen virus as it was widely considered as the most likely next pandemic.

Phase 1 – Concept & Prototype Development –  MIB & Leading London University

Phase 2 – Application Development –  MIB 

Phase 3 – Material and Coating Performance Combinations – MIB 

Phase 4 – Live Influenza Testing for Material & Coating Evaluation – Leading London University 

Virustatic Shield is the commercial product resulting from these four phases of scientific research, development, design and testing. 

Phase 1 – Concept and prototype development – MIB & Unnamed Leading University

Investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration devices - such as face masks - that 
can be used to remove influenza viruses from airflows. 

Objectives

The main aim of this project was to investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration 
devices, e.g. face masks, that can be used to remove influenza viruses from airflows. The project had three objectives: 

1)   
influenza viruses

2)    Attach these sialylated conjugates onto activated carbon cloth to generate a Virustatic cloth prototype. 

3)    Test if Virustatic cloth prototype was able to retain live influenza virus from airflows 

Method

attachment mechanism. To ensure maximum efficacy of the final prototype two different lectins were used, one that mimics the 
attachment mechanism of avian influenza strain and one that simulates the binding mechanism of human flu strains. 

effectiveness over time. Pressure drop tests were also conducted and showed virtually no restriction of flow through the filtering 

use of coated granulated carbon to remove pathogens from fluid flows was examined. 

Results

Uncoated carbon cloth was able to capture about 90% of the virus from the airflow passing through. With fetuin-treated samples, the 

virus was detected in the filtrate. 

above 99% efficiency 

The coated carbon cloth was tested at a London university against live influenza virus in air flows. The results demonstrated that the 
coating enhanced the cloth’s viral capture to over 99%. The results generated in the first phase of the project provided the evidence for 
the first Virustatic patent. 

Phase 2 – Application Development – MIB

This led us to explore proteins with a significantly longer shelf-life. Following on from the initial results, innovation focused on how to 

A review of alternative glycoproteins suggested lactoferrin to be comparable and more effective than fetuin with the added benefit that 

1)    Identify possible sialic acid binding proteins that would mimic binding of influenza haemagglutinin on to Virustatic cloth 

2)   

3)   

4)   

5)   

6)   Identify proteins with a significantly longer shelf-life 

Method

Results

Phase 3 – Material and Coating Performance Combinations – MIB

Objectives 

1)   Analyse the content and utility of four lactoferrin protein sources to use on subsequent tests

2)   Investigate the appearance and behaviour of cloth during contact with liquids

3)   Investigate the retention of lactoferrin on a shortlist of cloth material substrates

4)   Determine sialic acid display on all cloth material substrates

5)   Investigate the effectiveness of applying lactoferrins at different concentrations

6)   Investigate whether treatment of cloths with 

7)   Rank the best performing cloth-lactoferrin combinations based on SNA-FITC detected display of -2,6 linked sialic acids 

Results 

There was consistently higher binding of both SNA and WGA lectins on the treated material compared to the material substrate alone.

most efficient and co-treatment of the cloth with lactoferrin and cyclodextrin performed equally well on all tested cloths when

For SNA uptake, pretreatment cloth performs better for Polyester and ACC Polyester/Polyolefin, less well for ACC Viscose and ACC 

The combination of treatment with low amounts of lactoferrin (1 mg/mL) with the tested cloths was most efficient. The tested cloths 

that are not carbon activated (Polyamide and Polyester) perform well with regard to WGA lectin uptake and reasonable with regard to 

SNA lectin uptake.

All values obtained for WGA uptake on Polyamide (pre-treated, co-treated, lactoferrin only) are higher than those for the carbon 

Given the data generated, two possible testing regimes are proposed to be taken forward to live virus testing. It is proposed that the 

-cyclodextrin co-adsorbed onto the surface of the material substrates, are tested first. 

The data from this group will influence the decision on the second group that will then be challenged under live virus testing.

Phase 4 – Live Influenza Testing for Material & Coating Evaluation

the passages of airborne influenza virus.

Virustatic had intended to undertake live influenza virus testing with The Health and Safety Laboratory (HSL) in Buxton. However, HSL 
encountered major difficulties culturing an appropriate live virus strain and agreed to our proposal to switch to testing at the London 
university. Nevertheless, the London University, who had originally undertaken live virus testing for Virustatic’s proof of concept, 
successfully cultured live influenza viruses.

against an influenza virus challenge quantified through a material empty test channel in the test apparatus.

need for a pandemic influenza mask. This could potentially stop viruses circumventing a high pressure drop material and negate the 
need for facemask fitting.

Objectives

Compare different materials coated or uncoated for their ability to block the passage of live influenza viruses.

Methodology

Compare capacity for the following treatments to block airborne influenza virus by determining the amount of virus collected from 

1)   No filter holder 

2)   Filter holder with material A 

3)   Filter holder with material B 

layer configuration is used in FFP1, FFP2 and FFP3 dust masks.

The different types of material to be tested fell into 3 categories: 

1)   Materials that would allow for new single layer face mask designs. 

2)   Materials that would allow for the improvement in pre-existing face masks market. 

3)   

Results

The results indicate the coating substantially improves the capture rate of the influenza virus, achieving in 9/10 cases a capture rate of 

and public fields.

material binded to and delivered up to a 98% barrier to the influenza virus.

A Summary of the Lactoferrin and its Possible Antiviral effects.

Introduction

The glycoprotein Lactoferrin (LF) is a member of the transferrin protein family and is 80 kDa in size with high affinity for several metal 

variety of pathogens. Not unsurprisingly, therefore, it is found abundantly in breast milk as an important component of the passive 

related to inhibition of microbial growth as well as to modulation of motility, aggregation and biofilm formation of pathogenic bacteria. 

the viral envelope structures, specifically to the adenovirus penton base (polypeptide III), the protein responsible for the attachment of 

17. Berlutti F, Pantanella F, Natalizi T, Frioni A, Paesano R, Polimeni A, et al. Antiviral properties of lactoferrin--a natural immunity molecule. Molecules. 
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21. Nguyen DN, Sangild PT, Li Y, Bering SB, Chatterton DEW. Processing of whey modulates proliferative and immune functions in intestinal epithelial cells. J 

22. Albar AH, Almehdar HA, Uversky VN, Redwan EM. Structural heterogeneity and multifunctionality of lactoferrin. Curr Protein Pept Sci. 2014;15(8):778-97. 

23. Sharma D, Murki A, Murki S, Pratap OT. Use of lactoferrin in the newborn: where do we stand? J Matern Fetal Neonatal Med. 2015;28(15):1774-8. Epub 

24. Brogden KA, Johnson GK, Vincent SD, Abbasi T, Vali S. Oral inflammation, a role for antimicrobial peptide modulation of cytokine and chemokine responses. 
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interferon and ribavirin. J Gastroenterol Hepatol. 2007;22(11):1894-7. Epub 2007/10/05. doi: 10.1111/j.1440-1746.2007.04858.x. PubMed PMID: 

29. Abe K, Nozaki A, Tamura K, Ikeda M, Naka K, Dansako H, et al. Tandem repeats of lactoferrin-derived anti-hepatitis C virus peptide enhance antiviral activity 
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32. Andersen JH, Jenssen H, Gutteberg TJ. Lactoferrin and lactoferricin inhibit Herpes simplex 1 and 2 infection and exhibit synergy when combined with 
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profile. HIV Med. 2017;18(7):452-62. Epub 2016/12/22. doi: 10.1111/hiv.12475. PubMed PMID: 28000390.
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face covering. The product’s novel design is built on breakthrough findings on the efficacy of patented Viruferrin™ protein coating 
compound applied onto breathable hydrophilic fabrics that bind and render influenza viruses inert on contact.

 (WHO), the UK Government

Problems with face masks and coverings 

It has been observed that when wearing certified ‘face fit’ Personal Protective Equipment (PPE) masks, increased pressure caused by 
exhaling – and particularly coughing and sneezing – displaces the mask from the face leading to air leakage around its perimeter.
Surgical-type medical masks have been shown to leak exhaled air, and with coughs and sneezes, contaminated particles are redirected 

April 9, 2020, in the British Medical Journal, "None of the studies mentioned above tested the makeshift cloth masks that CDC has 

masks versus “standard practice” in preventing influenza-like illness in healthcare staff found that cloth masks were the least effective."

The solution: Virustatic Shield

sustains a low pressure drop even when sneezing and coughing, stopping the ingress and egress of the influenza viruses as the air 

fit-testing and, unlike the face-fit masks, protection is not compromised for those with stubble or facial hair. 

The Viroferrin™protein coating’s antimicrobial peptides have a cationic property which disrupt and inactivate the influenza virus 

MeSH Pharmacological Classification designates the lactoferrin in Viroferrin™ as an ‘Anti-Infective Agent’.  It classifies as a substance 

39. Tortorici MA, Walls AC, Lang Y, Wang C, Li Z, Koerhuis D, et al. Structural basis for human coronavirus attachment to sialic acid receptors. Nat Struct Mol 

40. Schwegmann-Weßels C, Herrler G. Sialic acids as receptor determinants for coronaviruses. Glycoconjugate Journal. 2006;23(1):51-8. doi: 

41. Lang J, Yang N, Deng J, Liu K, Yang P, Zhang G, et al. Inhibition of SARS pseudovirus cell entry by lactoferrin binding to heparan sulfate proteoglycans. PLoS 

of direct binding of remnant lipoproteins to HSPG. Arterioscler Thromb. 1994;14(12):2025-31. Epub 1994/12/01. doi: 10.1161/01.atv.14.12.2025. PubMed 

Also, and very recently, the use of LF nanoparticles has been shown to nanoparticles serve a dual purpose to abrogate extracellular 

entry and to target viral enzymes, when loaded with ART drugs [37].

With regards to Coronaviruses LF has been shown to have a direct effect of cell binding of a variety of coronaviruses to the host cell 

inhibiting viral entry, as examples binding to sialic acid residues in feline enteric coronavirus infections [38-40].

The ability of a pseudotype SARs virus has previously been demonstrated [41], the mode of action is not believed to be directly related 

to steric hindrance of the virus binding to the ACE-2 receptor, which is the primary receptor to which SARS binds, but rather that it 

plays a protective role in host defence against SARS-CoV infection through binding to Heparan Sulfate Proteoglycans [42] on the cell 

surface and that may act as a co-receptor for SARs entry into the cell. This mode of action of LF in blocking viral entry has been shown 

by other viruses [11].
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For the last 10 years, Virustatic Limited has been developing and testing protein coatings against strains of influenza virus

influenza.  Influenza was the chosen virus as it was widely considered as the most likely next pandemic.

Phase 1 – Concept & Prototype Development –  MIB & Leading London University

Phase 2 – Application Development –  MIB 

Phase 3 – Material and Coating Performance Combinations – MIB 

Phase 4 – Live Influenza Testing for Material & Coating Evaluation – Leading London University 

Virustatic Shield is the commercial product resulting from these four phases of scientific research, development, design and testing. 

Phase 1 – Concept and prototype development – MIB & Unnamed Leading University

Investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration devices - such as face masks - that 
can be used to remove influenza viruses from airflows. 

Objectives

The main aim of this project was to investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration 
devices, e.g. face masks, that can be used to remove influenza viruses from airflows. The project had three objectives: 

1)   
influenza viruses

2)    Attach these sialylated conjugates onto activated carbon cloth to generate a Virustatic cloth prototype. 

3)    Test if Virustatic cloth prototype was able to retain live influenza virus from airflows 

Method

attachment mechanism. To ensure maximum efficacy of the final prototype two different lectins were used, one that mimics the 
attachment mechanism of avian influenza strain and one that simulates the binding mechanism of human flu strains. 

effectiveness over time. Pressure drop tests were also conducted and showed virtually no restriction of flow through the filtering 

use of coated granulated carbon to remove pathogens from fluid flows was examined. 

Results

Uncoated carbon cloth was able to capture about 90% of the virus from the airflow passing through. With fetuin-treated samples, the 

virus was detected in the filtrate. 

above 99% efficiency 

The coated carbon cloth was tested at a London university against live influenza virus in air flows. The results demonstrated that the 
coating enhanced the cloth’s viral capture to over 99%. The results generated in the first phase of the project provided the evidence for 
the first Virustatic patent. 

Phase 2 – Application Development – MIB

This led us to explore proteins with a significantly longer shelf-life. Following on from the initial results, innovation focused on how to 

A review of alternative glycoproteins suggested lactoferrin to be comparable and more effective than fetuin with the added benefit that 

1)    Identify possible sialic acid binding proteins that would mimic binding of influenza haemagglutinin on to Virustatic cloth 

2)   

3)   

4)   

5)   

6)   Identify proteins with a significantly longer shelf-life 

Method

Results

Phase 3 – Material and Coating Performance Combinations – MIB

Objectives 

1)   Analyse the content and utility of four lactoferrin protein sources to use on subsequent tests

2)   Investigate the appearance and behaviour of cloth during contact with liquids

3)   Investigate the retention of lactoferrin on a shortlist of cloth material substrates

4)   Determine sialic acid display on all cloth material substrates

5)   Investigate the effectiveness of applying lactoferrins at different concentrations

6)   Investigate whether treatment of cloths with 

7)   Rank the best performing cloth-lactoferrin combinations based on SNA-FITC detected display of -2,6 linked sialic acids 

Results 

There was consistently higher binding of both SNA and WGA lectins on the treated material compared to the material substrate alone.

most efficient and co-treatment of the cloth with lactoferrin and cyclodextrin performed equally well on all tested cloths when

For SNA uptake, pretreatment cloth performs better for Polyester and ACC Polyester/Polyolefin, less well for ACC Viscose and ACC 

The combination of treatment with low amounts of lactoferrin (1 mg/mL) with the tested cloths was most efficient. The tested cloths 

that are not carbon activated (Polyamide and Polyester) perform well with regard to WGA lectin uptake and reasonable with regard to 

SNA lectin uptake.

All values obtained for WGA uptake on Polyamide (pre-treated, co-treated, lactoferrin only) are higher than those for the carbon 

Given the data generated, two possible testing regimes are proposed to be taken forward to live virus testing. It is proposed that the 

-cyclodextrin co-adsorbed onto the surface of the material substrates, are tested first. 

The data from this group will influence the decision on the second group that will then be challenged under live virus testing.

Phase 4 – Live Influenza Testing for Material & Coating Evaluation

the passages of airborne influenza virus.

Virustatic had intended to undertake live influenza virus testing with The Health and Safety Laboratory (HSL) in Buxton. However, HSL 
encountered major difficulties culturing an appropriate live virus strain and agreed to our proposal to switch to testing at the London 
university. Nevertheless, the London University, who had originally undertaken live virus testing for Virustatic’s proof of concept, 
successfully cultured live influenza viruses.

against an influenza virus challenge quantified through a material empty test channel in the test apparatus.

need for a pandemic influenza mask. This could potentially stop viruses circumventing a high pressure drop material and negate the 
need for facemask fitting.

Objectives

Compare different materials coated or uncoated for their ability to block the passage of live influenza viruses.

Methodology

Compare capacity for the following treatments to block airborne influenza virus by determining the amount of virus collected from 

1)   No filter holder 

2)   Filter holder with material A 

3)   Filter holder with material B 

layer configuration is used in FFP1, FFP2 and FFP3 dust masks.

The different types of material to be tested fell into 3 categories: 

1)   Materials that would allow for new single layer face mask designs. 

2)   Materials that would allow for the improvement in pre-existing face masks market. 

3)   

Results

The results indicate the coating substantially improves the capture rate of the influenza virus, achieving in 9/10 cases a capture rate of 

and public fields.

material binded to and delivered up to a 98% barrier to the influenza virus.

A Summary of the Lactoferrin and its Possible Antiviral effects.

Introduction

The glycoprotein Lactoferrin (LF) is a member of the transferrin protein family and is 80 kDa in size with high affinity for several metal 

variety of pathogens. Not unsurprisingly, therefore, it is found abundantly in breast milk as an important component of the passive 

related to inhibition of microbial growth as well as to modulation of motility, aggregation and biofilm formation of pathogenic bacteria. 

the viral envelope structures, specifically to the adenovirus penton base (polypeptide III), the protein responsible for the attachment of 
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PMCID: PMCPMC3694041.

31. Beaumont SL, Maggs DJ, Clarke HE. Effects of bovine lactoferrin on in vitro replication of feline herpesvirus. Vet Ophthalmol. 2003;6(3):245-50. Epub 

2003/09/03. doi: 10.1046/j.1463-5224.2003.00301.x. PubMed PMID: 12950656.
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2004;17(3):291-4. Epub 2004/06/30. doi: 10.1023/b:biom.0000027707.82911.be. PubMed PMID: 15222480.
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profile. HIV Med. 2017;18(7):452-62. Epub 2016/12/22. doi: 10.1111/hiv.12475. PubMed PMID: 28000390.
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face covering. The product’s novel design is built on breakthrough findings on the efficacy of patented Viruferrin™ protein coating 
compound applied onto breathable hydrophilic fabrics that bind and render influenza viruses inert on contact.

 (WHO), the UK Government

Problems with face masks and coverings 

It has been observed that when wearing certified ‘face fit’ Personal Protective Equipment (PPE) masks, increased pressure caused by 
exhaling – and particularly coughing and sneezing – displaces the mask from the face leading to air leakage around its perimeter.
Surgical-type medical masks have been shown to leak exhaled air, and with coughs and sneezes, contaminated particles are redirected 

April 9, 2020, in the British Medical Journal, "None of the studies mentioned above tested the makeshift cloth masks that CDC has 

masks versus “standard practice” in preventing influenza-like illness in healthcare staff found that cloth masks were the least effective."

The solution: Virustatic Shield

sustains a low pressure drop even when sneezing and coughing, stopping the ingress and egress of the influenza viruses as the air 

fit-testing and, unlike the face-fit masks, protection is not compromised for those with stubble or facial hair. 

The Viroferrin™protein coating’s antimicrobial peptides have a cationic property which disrupt and inactivate the influenza virus 

MeSH Pharmacological Classification designates the lactoferrin in Viroferrin™ as an ‘Anti-Infective Agent’.  It classifies as a substance 
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of direct binding of remnant lipoproteins to HSPG. Arterioscler Thromb. 1994;14(12):2025-31. Epub 1994/12/01. doi: 10.1161/01.atv.14.12.2025. PubMed 

entry and to target viral enzymes, when loaded with ART drugs 
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For the last 10 years, Virustatic Limited has been developing and testing protein coatings against strains of influenza virus

influenza.  Influenza was the chosen virus as it was widely considered as the most likely next pandemic.

Phase 1 – Concept & Prototype Development –  MIB & Leading London University

Phase 2 – Application Development –  MIB 

Phase 3 – Material and Coating Performance Combinations – MIB 

Phase 4 – Live Influenza Testing for Material & Coating Evaluation – Leading London University 

Virustatic Shield is the commercial product resulting from these four phases of scientific research, development, design and testing. 

Phase 1 – Concept and prototype development – MIB & Unnamed Leading University

Investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration devices - such as face masks - that 
can be used to remove influenza viruses from airflows. 

Objectives

The main aim of this project was to investigate binding of sialic acids and their conjugates onto activated carbon cloth for use in filtration 
devices, e.g. face masks, that can be used to remove influenza viruses from airflows. The project had three objectives: 

1)   
influenza viruses

2)    Attach these sialylated conjugates onto activated carbon cloth to generate a Virustatic cloth prototype. 

3)    Test if Virustatic cloth prototype was able to retain live influenza virus from airflows 

Method

attachment mechanism. To ensure maximum efficacy of the final prototype two different lectins were used, one that mimics the 
attachment mechanism of avian influenza strain and one that simulates the binding mechanism of human flu strains. 

effectiveness over time. Pressure drop tests were also conducted and showed virtually no restriction of flow through the filtering 

use of coated granulated carbon to remove pathogens from fluid flows was examined. 

Results

Uncoated carbon cloth was able to capture about 90% of the virus from the airflow passing through. With fetuin-treated samples, the 

virus was detected in the filtrate. 

above 99% efficiency 

The coated carbon cloth was tested at a London university against live influenza virus in air flows. The results demonstrated that the 
coating enhanced the cloth’s viral capture to over 99%. The results generated in the first phase of the project provided the evidence for 
the first Virustatic patent. 

Phase 2 – Application Development – MIB

This led us to explore proteins with a significantly longer shelf-life. Following on from the initial results, innovation focused on how to 

A review of alternative glycoproteins suggested lactoferrin to be comparable and more effective than fetuin with the added benefit that 

1)    Identify possible sialic acid binding proteins that would mimic binding of influenza haemagglutinin on to Virustatic cloth 

2)   

3)   

4)   

5)   

6)   Identify proteins with a significantly longer shelf-life 

Method

Results

Phase 3 – Material and Coating Performance Combinations – MIB

Objectives 

1)   Analyse the content and utility of four lactoferrin protein sources to use on subsequent tests

2)   Investigate the appearance and behaviour of cloth during contact with liquids

3)   Investigate the retention of lactoferrin on a shortlist of cloth material substrates

4)   Determine sialic acid display on all cloth material substrates

5)   Investigate the effectiveness of applying lactoferrins at different concentrations

6)   Investigate whether treatment of cloths with 

7)   Rank the best performing cloth-lactoferrin combinations based on SNA-FITC detected display of -2,6 linked sialic acids 

Results 

There was consistently higher binding of both SNA and WGA lectins on the treated material compared to the material substrate alone.

most efficient and co-treatment of the cloth with lactoferrin and cyclodextrin performed equally well on all tested cloths when

For SNA uptake, pretreatment cloth performs better for Polyester and ACC Polyester/Polyolefin, less well for ACC Viscose and ACC 

The combination of treatment with low amounts of lactoferrin (1 mg/mL) with the tested cloths was most efficient. The tested cloths 

that are not carbon activated (Polyamide and Polyester) perform well with regard to WGA lectin uptake and reasonable with regard to 

SNA lectin uptake.

All values obtained for WGA uptake on Polyamide (pre-treated, co-treated, lactoferrin only) are higher than those for the carbon 

Given the data generated, two possible testing regimes are proposed to be taken forward to live virus testing. It is proposed that the 

-cyclodextrin co-adsorbed onto the surface of the material substrates, are tested first. 

The data from this group will influence the decision on the second group that will then be challenged under live virus testing.

Phase 4 – Live Influenza Testing for Material & Coating Evaluation

the passages of airborne influenza virus.

Virustatic had intended to undertake live influenza virus testing with The Health and Safety Laboratory (HSL) in Buxton. However, HSL 
encountered major difficulties culturing an appropriate live virus strain and agreed to our proposal to switch to testing at the London 
university. Nevertheless, the London University, who had originally undertaken live virus testing for Virustatic’s proof of concept, 
successfully cultured live influenza viruses.

against an influenza virus challenge quantified through a material empty test channel in the test apparatus.

need for a pandemic influenza mask. This could potentially stop viruses circumventing a high pressure drop material and negate the 
need for facemask fitting.

Objectives

Compare different materials coated or uncoated for their ability to block the passage of live influenza viruses.

Methodology

Compare capacity for the following treatments to block airborne influenza virus by determining the amount of virus collected from 

1)   No filter holder 

2)   Filter holder with material A 

3)   Filter holder with material B 

layer configuration is used in FFP1, FFP2 and FFP3 dust masks.

The different types of material to be tested fell into 3 categories: 

1)   Materials that would allow for new single layer face mask designs. 

2)   Materials that would allow for the improvement in pre-existing face masks market. 

3)   

Results

The results indicate the coating substantially improves the capture rate of the influenza virus, achieving in 9/10 cases a capture rate of 

and public fields.

material binded to and delivered up to a 98% barrier to the influenza virus.

A Summary of the Lactoferrin and its Possible Antiviral effects.

Introduction

The glycoprotein Lactoferrin (LF) is a member of the transferrin protein family and is 80 kDa in size with high affinity for several metal 

variety of pathogens. Not unsurprisingly, therefore, it is found abundantly in breast milk as an important component of the passive 

related to inhibition of microbial growth as well as to modulation of motility, aggregation and biofilm formation of pathogenic bacteria. 

the viral envelope structures, specifically to the adenovirus penton base (polypeptide III), the protein responsible for the attachment of 

17. Berlutti F, Pantanella F, Natalizi T, Frioni A, Paesano R, Polimeni A, et al. Antiviral properties of lactoferrin--a natural immunity molecule. Molecules. 
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