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Introduction1. 

Medical systems and Life Science systems become 

important business fields in FUJIFILM. FUJIFILM is a 

pioneer in digital diagnostic imaging, and is expanding into 

the areas of preventive healthcare and treatment to cover an 

entire field of human health.

In response to expanding consumers’ demands in the 

living environment, we have newly developed “Antibacterial 

Properties and an Antivirotic Multifunctional Bio-filter” as 

one of preventive measures in order to maintain comfortable 

air quality.

As the first item equipped with this “Antibacterial and an 

Antivirotic Multifunctional Bio-filter”, we have developed 

an air purifying device “Living Space Purifier KPD1000” 

equipped also with a “deodorization filter” which has 

realized a high deodorizing effect provided by activated 

carbon and photocatalyst titanium oxide in addition to 

“Antibacterial properties and an Antivirotic Multifunctional 

Bio-filter”. KPD1000 was introduced on the market in 

November 2008.

The “antibacterial filter” employs organic silver particles 

developed on the basis of our unique expertise accumulated 

in the long history of photo imaging thus far. The “antivirotic 

f ilter” employs antibodies which have a capability of 

neutralizing influenza viruses. A low cost mass production 

technology of antibodies is developed by Dr. Yasuhiro 

Tsukamoto, Professor of Kyoto Prefectural University. By 

combining both Antibacterial and Antivirotic filters, airborne 

bacteria and viruses trapped by the filter can be inactivated.

In this report, technology developped and verification of 

the effects of “Antibacterial Properties and an Antivirotic 

Multifunctional Bio-filter” and “Living Space Purifier 

KPD1000” will be described.

Fig. 1   The system configuration of “Living Space Purifier KPD1000”.

Development of  “Antibacterial Properties 2. 
and an Antivirotic Multifunctional Bio-filter”

High-efficiency filters used in common air purifiers might 

have a possibility that even when airborne bacteria or viruses 

are trapped on the filter, these droplets are dried without 

being inactivated, and have a chance to be discharged into 

the air again as smaller nuclei. What is important is not only 
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trapping these objects, but also restraining the activities 

of bacteria or viruses to prevent propagation or infection. 

Therefore, the filter is required to carry antibacterial and 

antivirotic agent which inactivate harmful substances.

Being initially premised on demands of consumers for 

safety, we have developed an antibacterial agent providing 

safety by controlling sustained release of active constituent 

and having a wide antibacterial spectrum. Simultaneously, 

we have searched antivirotic agent which has a capability of 

selectively neutralizing performance against human influenza 

virus type A and B which becomes epidemic repeatedly 

every year, and also “Avian Influenza” A (H5N1) which is a 

matter of concern as having a serious pandemic possibility.

Antibacterial Filter2.1 

While commomnly used antibacterial components of 

inorganic antibacterial agent are metals, in view of safety, 

actually used are limited to silver, copper, or zinc. Silver, 

specifically, has very low toxicity for large animals such 

as human being even though it has a wide antibacterial 

spectrum and exhibits its antibacterial effect with a minute 

concentration, so that silver-based compounds are applied 

most widely as the antibacterial agent. Since the past, silver 

has been widely used for tableware or various kinds of 

accessories, and resulted in almost no problem has been 

arisen so far. Therefore, silver can be regarded as a quite 

safe material. Ont the other hand silver ions have a photo-

sensitivity, and has a high degree of reactivity to halogen 

ions, so that lowering of the antibacterial effect is observed. 

Therefore, all kinds of efforts have been made on silver 

compounds themselves or on methods to support silver 

compounds1).

 FUJIFILM has been continuing with the studies about 

silver as a photographic material over seventy years, and has 

been accumulated “photo-sensitive material expertise” such 

as precisely controlling technology of the shapes or surface 

compositions of silver grains. And the result is that the 

antibacterial agent is organic silver particles developed by the 

fusion of particle formation technology and organic synthetic 

technology using our unique expertise.

 The organic silver particles employed for the antibacterial 

filters this time are specific ultrafine monodispersed particles 

of uniform size in order to demonstrate the antibacterial 

performance to the maximum (Fig. 2). Particles, after 

having formed, are subjected to the ripening process to 

avoid coagulation to maintain large effective surface areas. 

Simultaneously, by selecting behenic acid as an organic 

matter, we have succeeded to cause silver ion having a 

constant concentration which is expected to have antibacterial 

effect to be discharged stably for a long time.

Fig. 2   Ultrafine grains of organic silver.

Verification of Effect of Antibacterial Filter2.2 

 The results of antibacterial properties conducted in 

conformity with JISZ2801 are shown in Table 1. We verified 

superior antibacterial properties further exceeding an 

antibacterial activity value 2.0, which is considered as having 

the antibacterial effect, for seven types of principal bacteria 

and mold which may cause infectious diseases. In general, 

the conventional silver-based antibacterial agent is considered 

to be hardly effective for mold, and in this experiment as 

well, zeolite silver filter which is compared simultaneously 

as a representative of the silver-based antibacterial agent, had 

an antibacterial activity value of only 0.7 for “Aspergillus 

niger”. In contrast, we verified a high performance of the 

organic silver particles employed this time, which showed an 

antibacterial activity value of 2.8.

Table 1   Antibacterial and Anti-mold Properties.

Results of Antibacterial Spectrum Test

test
bacteria

test
specimen

number of living bacteria or 
mold 24 hours after inoculation 

per 1-piece of test specimen

antibacterial 
activity value 
(calculated by 

FUJIFILM)First Second Third

MRSA
nonprocessed 3.9×106 2.8×106 3.6×106 -

zeolite silver filter 2.6×103 <10 <10 3.5
organic silver filter by FUJIFILM <10 <10 <10 5.5

Pseudomonas
aeruginosa

nonprocessed 1.3×107 1.2×107 1.2×107 -
zeolite silver filter <10 5.1×103 <10 3.8

organic silver filter by FUJIFILM 10 <10 <10 6.0

Aspergillus
niger

nonprocessed 2.4×105 1.8×105 2.2×105 -
zeolite silver filter 2.6×104 3.9×104 4.5×104 0.7

organic silver filter by FUJIFILM 50 7.2×102 80 2.8

Bacillus 
Coli

nonprocessed 1.3×107 1.2×107 1.2×107 -
zeolite silver filter 10 <10 <10 6.0

organic silver filter by FUJIFILM <10 <10 <10 6.0

bacillus 
pneumoniae

nonprocessed 2.7×106 3.3×106 1.2×106 -
zeolite silver filter <10 <10 <10 5.3

organic silver filter by FUJIFILM 20 <10 <10 5.2

Staphylococcus
aureus

nonprocessed 1.6×105 1.9×105 2.0×105 -
zeolite silver filter <10 <10 <10 4.2

organic silver filter by FUJIFILM <10 <10 <10 4.2

Candida
nonprocessed 3.7×105 5.6×105 5.7×105 -

zeolite silver filter <10 <10 <10 4.7
organic silver filter by FUJIFILM <10 <10 1.7×102 3.9

<10: not detected  Nonprocessed: polyethylene film

Test Overview: Compliant with JIS Z 2801
Tested Institute: Japan Food Research Laboratories 
 Test Report No. 207110584-001, issued in December 26, 2007
Method of Calculation of antibacterial activity values:
 R = log(A/B)
 R: Antibacterial activity value
 A:  Average value of number of living bacteria or molds on 

nonprocessed specimen after 24 hours
 B:  Average value of number of living bacteria or mold on 

Antibacterial Processed Specimen after 24 hours
 Antibacterial if Antibacterial activity value is 2.0 or higher
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Antibody Filter2.3 

In order to add a inactivate function against influenza 

viruses in addition to a wide antibacterial spectrum of 

organic silver, we focused on antigen-antibody reaction 

in immune system and studied about application of the 

antibodies to the filter. 

 Advantages of utilization of the antibodies for removing 

viruses are (1) safe and secure in comparison with chemical 

methods, (2) high specificity in comparison with physical 

methods, and (3) quick reacting method.

 In general, the antibodies are expensive and are considered 

not to be suitable for industrial application. However, it was 

solved by applying a technology of massproducing antibodies 

at low cost developed by Professor of Kyoto Prefectural 

University, Dr. Yasuhiro Tsukamoto. It is a technology to 

manufacture a large amount of IgY by inoculating ostriches 

with HA antigens of inf luenza viruses and extracting 

produced antibodies from ostrich egg yolk. Production of 

anti-influenza IgY has already achieved with chickens as 

immune animal. However, the quantity of the antibodies 

extracted from an ostrich is 30 times that from a chicken 

and, in addition, lay period by one body is longer, thus the 

uniformity and the quality of refined antibodies is much 

higher.  

Fig. 3   The production method of an ostrich antibody.

In order to quantify the amount of the ostrich IgY 

impregnated on a filter material, ELISA method employing 

secondary antibodies (enzyme-labeled IgY antibodies) was 

newly prepared. An ELISA evaluation was conducted with 

optical density having ELISA activity as effective quantity of 

support, and selection of filter base material and optimization 

of support formula were performed.

Enzyme-Labeled       Antibodies

Base material

Substrate

Fig. 4   The determination of antibody on filter.

Evidence Formulation of Antibody Filter2.4 

We conducted an evidence formulation on the effects of 

the antibody filter by the following verification steps.  

Verification of Antigen-Antibody Reaction in 2.4.1 
Gas Phase System (Principle Verification)

We conducted principle verification on whether the 

antigen-antibody reaction, which normally occurred in 

liquid phase, may proceeds also in gas phase. As a method 

which does not involve the liquid phase, we developed a 

FRET (Fluorescence Resonance Energy Transfer) method, 

and conducted a comparative verif ication of FRET 

signal strength between Fluorescent-labeled antigens and 

antibodies. We confirmed specific FRET signal (= antigen-

antibody reaction) also in the gas phase, and concluded that 

the antibody on a solid surface specifically reacted with a 

protein antigen supplied from gas phase under the nominal 

ambient conditions2).

Fig. 5   FRET (Fluorescence Resonance Energy Transfer) method.

Virus Neutralization Test2.4.2 

The effect of the ostrich antibodies was evaluated in terms 

of the neutralization titer. In the virus neutralization test, 

we transmitted the inf luenza viruses to a predetermined 

amount of MDCK cells which have high affinity with 

human influenza virus cultured on a micro plate to observe 

a cytopathogenic effects. By applying two-fold dilution of the 

ostrich antibodies, 50% infection inhibition value (TCID50) 
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was calculated according to “Behrens- Kärber method” to 

obtain the neutralization titer. The smaller neutralization titer 

means higher virus neutralization effect as the antibodies.

The neutralization titer of the ostr ich antibodies 

immunized with three strains of HA antigens and H5 

recombinant proteins are shown in Table 23). The fact that the 

ostrich antibodies have sufficient neutralization capability 

against the immunizing antigens was confirmed. 

Table 2    Neutralization Activity against the Influenza Virus 
(Immune Strain)3).

Subtype Neutralization titer*

Type A (H1N1) 2.64μg/ml

Type A (H3N2) 8.88μg/ml

Type B 32.6μg/ml
*  Neutralising titer (50% inhibition) with respect to 

100TCID50 (MDCK cells).

Neutralization titer of ostrich antibodies immunized 

with H5 recombinant protein, ostrich antibodies immunized 

with three strain mixed HA antigens and H5 recombinant 

proteins, and ostrich antibodies before immunization with 

respect to “Avian Influenza” A(H5N1) are shown in Table 33). 

It was confirmed that the ostrich antibody has a sufficient 

neutralization capability with respect to Avian Inf luenza  

A (H5N1). 

Table 3    Neutralization Activity against the Avian Flu Virus, Type 
A/H5N13).

Antibodies Neutralization titer against 
H5N1*

Pre-immune not measureable (>514μg/ml)

3 strain mixed HA 
+ rH5 58.1μg/ml

rH5 6.7μg/ml

*  Neutralising titer (50% inhibition) with respect to 
100TCID50 (MDCK cells).

The neutralization titer of the ostr ich antibodies 

immunized with three strain mixed HA antigens using Type 

A H1N1, Type A H3N2, and Type B field strain (100 cases in 

total) are shown in Table 43).  

Table 4    Neutralization Activity against Influenza Virus Wild Strain 
(100 cases) 3).

Influenza Field 
Strain Neutralization activity values

Type A (H1N1) 2.0μg/ml

Type A (H3N2) 6.7μg/ml

Type B 24.4μg/ml

From the result described thus far, we concluded that the 

ostrich antibodies have sufficient neutralization capability 

against Human epidemic subtype as well as  avian A(H5N1) 

influenza virus.

 Subsequently, we conducted ver if icat ion of the 

neutralization capability of ostrich antibodies impregnated 

on filter. We inoculated antibody filters (4×4 cm) carrying 

above-described ostrich antibodies with virus dispersion 

(105TCID50/ml ×0.5 ml) and left untouched for 10 minutes, 

extracted the viruses from the filters, and evaluated the 

TCID50. The results obtained from antibody filters stored 

under the conditions of cooling, 25˚C: 50% RH, 40˚C: 50% 

RH, 50˚C: 50%RH for two weeks and four weeks, are shown 

in Fig. 6, respectively. It was confirmed that the antibody 

filters have sufficient virus neutralization capabilities after 

reasonable storage period.

Below detection limit

Description of Level

(1) Inoculate with Virus Solution (105TCID50 /ml×0.5ml) 

Antibody Filter
(4×4 cm)

(2) Leave Untouched 
      for 10 minutes

(3) Add Finely cut 
      Medium (1 ml) and Extract

(4) Inoculate MDCK cells and 
      Observe Cell Cytopathic 
      Effect (CPE)
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Fig. 6   The virus inactivation effect of the antibody filter.

Virus Trapping Test2.4.3 

We conducted an airborne virus trapping experiment 

by spraying influenza virus into a glove box. In order to 

prevent inactivation of the viruses due to moisture, silica 

gels were placed at eight positions at the corners. Then, we 

verified the trapping capability of a single filter supporting 

the ostrich antibodies immunized with three strain mixed HA 

antigen and H5 recombinant protein. In comparison with the 

case where the antibody filter is not provided, the trapping 

efficiency of 99.6 % or higher was  obtained.

Intake air 
ULPA filter

Test Filter 
(B Experiment)

Air Sampler

Virus Collecting
Gelatin Filter

Silica Gel Plate (place at eight corners)

Class    B 
Bio-Clean Bench

Glove Box

Circulation Fan

Nebulizer 
(Spray Virus)

Fig. 7   The experimental apparatus for virus capturing test.
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Development of “Living Space Purifier 3. 
KPD1000”

As a first item equipped with the “Antibacterial properties 

and an Antivirotic Multifunctional Bio-filter”, we have 

developed an air purifying device “Living Space Purifier 

KPD1000” equipped also with the “deodorization filter”. The 

“deodorization filter” realizes a higher deodorizing effect 

by combining a filter which adsorbs odorous substances by 

activated carbon, and a filter applied with titanium oxide and 

irradiated with UV light to decompose odorous substances by 

photocatalytic action. It achieves deodorization of 5 ppm of 

ammonium which is a representative of basic gas to 0.5 ppm, 

which is 90% reduction, by one pass. The similar effects are 

also achieved with acetic acid which is a representative of 

acid gas. Both gases are regarded as a component of odors of 

sweat, body of aged person, excretion, cigarettes, etc. 

Fig. 8   One path deodorization test.

A long life UV cold-cathode fluorescent light is employed 

as a photocatalyst exciting UV light source to achieve 

maintenance free structure. As the strong UV light may 

disrupts antibodies which are protein, a light-shielding 

mechanism is introduced between the deodorization filter 

and the bio-filter. We also found that installation of a louver 

into a V-shape is effective for preventing air volume required 

for purifier from lowering and employed this configuration. 

This light-shielding mechanism is also employed on the 

inlet port side to prevent UV light from leaking out from the 

equipment (Fig. 9). 

 The equipment has a compact-sized slim design to allow 

free layout in a free space in the room, and is adapted to 

be able to install horizontally and vertically.  As it is light-

weighted, and is easy-to-carry to allow the user to carry 

it to places where odor or infection is concerned.  At the 

same time, silent and energy saving design is realized in 

contemplation of 24 hours operation.  With the improved 

silenceness, it can be installed near the bed of sickness and 

operated day and night without regard to the noise.   

Wall

Cross-Section of Horizontal Arrangement

Air Flow

Photocatalyst Filter

Light-Shielding Louver Light-Shielding Louver

Bio-Filter

Fan

Fig. 9   Sectional view of KPD1000.

The air purifier is structurally subject to clogging of dust 

after long time of continuous use.  Therefore, it is essential 

to replace the filter in order to maintain a comfortable air 

quality in the environment.  On the other hand, replacement 

of the filter is not sufficiently performed in the market, 

and according to the research, it is found that there are a 

considerable number of opinions saying that the replacement 

work is complicated and troublesome although there is also 

the problem of the cost of the replacement filters4).  In view 

of such result, it is designed to be replaceable in one touch 

operation in order to provide a constantly comfortable air 

quality in the environment for consumers. 

Fig. 10   How to replace the filters.
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Conclusion4. 

FUJIFILM has developed “Antibacterial Properties and an 

Antivirotic Multifunctional Bio-filter” by combining organic 

silver particles developed by our unique technology and 

ostrich antibodies which can be adapted to avian influenza 

virus, and verified the effects.

“Living Space Purifier KPD1000” is a first stage of 

the equipment system equipped with FUJIFILM’s unique 

“Antibacterial Properties and an Antivirotic Multifunctional 

Bio-filter”, and realized removal of airborne bacteria 

and viruses trapped by the filter.  In the future, taking 

these advantages, we would like to address the needs for 

preventing in-hospital infection in medical organizations or 

care facilities. 

Finally we sincerely appreciate Professor of Kyoto 

Prefectural University, Dr. Tsukamoto, Dr. Adachi, and Dr. 

Kato for the cooperation on development of this system. 
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