
Article Not peer-reviewed version

Evaluation of Antiviral Properties of

Various Materials Using Influenza Virus

and Feline Calicivirus

Toma Tamura , Akiko Ogawa , Hidekazu Miura , Eri Nakajima , Yasuo Imoto , Nobumitsu Hirai , Toshio Kamijo ,

Hirotoshi Endo , Takeshi Hagio , Ryoichi Ichino , Dana M. Barry , Hideyuki Kanematsu *

Posted Date: 11 March 2024

doi: 10.20944/preprints202403.0564.v1

Keywords: Influenza virus; Feline calicivirus; Film covering method; plaque assay

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.



 

Article 

Evaluation of Antiviral Properties of Various 
Materials Using Influenza Virus and Feline 
Calicivirus 

Toma Tamura 1, Akiko Ogawa 2, Hidekazu Miura 3, Eri Nakajima 4, Yasuo Imoto 5,  
Nobumitsu Hirai 6, Toshio Kamijo 7, Hirotoshi Endo 8, Takeshi Hagio 9, Ryoichi Ichino 10,  
Dana M. Barry 11,12 and Hideyuki Kanematsu 13,14,* 

1 Dept. Materials Science and Engineering, National Institute of Technology (KOSEN), Suzuka College (TT); 
toma.-v-.5@ezweb.ne.jp 

2 Dept. Chemistry & Biochemistry, National Institute of Technology (KOSEN), Suzuka College (AO); 
ogawa@chem.suzuka-ct.ac.jp 

3 Faculty of Medical Engineering, Suzuka University of Medical Science, Suzuka 510-0293 (HM), Mie, Japan; 
miura-h@suzuka-u.ac.jp 

4 Kobe Testing Center, Japan Textile Products Quality and Technology Center (EN); e-nakajima@qtec.or.jp 
5 Kobe Testing Center, Japan Textile Products Quality and Technology Center(YI); y-imoto@qtec.or.jp 
6 Dept. Chemistry & Biochemistry, National Institute of Technology (KOSEN), Suzuka College, 

(NH);hirai@chem.suzuka-ct.ac.jp. 
7 Dept. Creative Engineering, National Institute of Technology (KOSEN), Tsuruoka College (TK); 

kamijo@tsuruoka-nct.ac.jp. 
8 Dept. Creative Engineering, National Institute of Technology (KOSEN), Tsuruoka College (HE)); 

hiro_endo@tsuruoka-nct.ac.jp 
9 Institutes of Innovation for Future Society, Graduate School of Engineering, Nagoya University(TH), 

hagio@mirai.nagoya-u.ac.jp 
10 Graduate School of Engineering Chemical Systems Engineering 2, Graduate School of Engineering, 

Nagoya University(RI); ichino.ryoichi@material.nagoya-u.ac.jp 
11 Dept. Electrical & Computer Engineering, Clarkson University, Potsdam, NY 13699, USA; dmbarry@clark-

son.edu (DMB)  
12 State University of New York, Canton, 34 Cornell Drive, Canton, NY 136175, USA. (DMB) 
13 Collaboration Research Promotion Center, National Institute of Technology (KOSEN), Suzuka College 

(HK); kanemats@suzuka.kosen-ac.jp.  
14 Dept. Materials & Manufacturing Science, Graduate School of Engineering, Osaka University(HK); 

h.kanematsu@mat.eng.osaka-u.ac.jp 
* Correspondence: kanemats@suzuka.kosen-ac.jp; Tel.+81-59-368-1848 

Abstract: An influenza A virus (H3N2) with an envelope with the same structure as COVID-19 was used for 
antiviral testing of material surfaces, in comparison with some results of feline calicivirus. The evaluation 
method used was the film adhesion method, in which the virus solution is placed on the material and adhered 
to it using a film. The evaluation method was based on the film adhesion method, in which the virus solution 
is placed on the material and adhered with a film, and the plaque method, in which the cell virus is allowed to 
infect the material and form plaques, but the appropriate virus concentration must be adjusted to observe the 
plaques. When not under that restriction, the plaques are often incomplete; this is observed. For this reason, 
this study applied an area measurement method that can reflect viral activity even when plaques are not 
obtained. This study revealed that different types of metallic materials have different antiviral properties. 
Specifically, the antiviral activity of iron, carbon steel, and nickel was relatively high, while that of stainless 
steel and titanium was relatively low. The order of antiviral activity was as follows: Fe, SS400, Ni, SUS316L, 
SUS304, and Ti. 
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1. Introduction  

The COVID-19 pandemic raised people’s concerns about infectious diseases [1–5]. Although the 
impact of the pandemic has subsided in recent years, antimicrobial and antiviral measures remain an 
important issue. This study focuses on the antiviral properties involving materials and, in particular, 
how metallic materials affect viral infections. Infectious diseases occur between organisms and are 
caused by microorganisms such as bacteria and viruses[6]. Viruses cannot multiply independently 
and complete their multiplication cycle by invading host cells. Highly pathogenic viruses multiply 
by hijacking cellular functions and destroying cells, causing the host to develop various symptoms[7]. 
In recent years, it has been noted that materials play an essential role in the viral infection pathway[8–
17]. Since inorganic materials are not living organisms by nature, there is no mechanism to sustain 
infectivity. However, viruses adhere to the surface of products and materials in human-to-human 
transmission and remain active for a certain period. Since bacteria are living organisms, they can 
continue to grow on material surfaces as long as they have nutrients and energy. Viruses, on the other 
hand, are not living organisms and maintain their infectivity (activity) by maintaining their structure 
on the material surface. The type of material to which the virus adheres significantly impacts the 
maintenance of viral activity. 

Viruses are classified into two structures: those with envelopes and those without. Viruses with 
envelopes have RNA covered by a protein capsid and a lipid envelope. The envelope plays a vital 
role in viral infection and facilitates entry into the host cell. On the other hand, viruses without an 
envelope consist only of capsid and are more stable than those with an envelope. 

In this study, we conducted antiviral tests mainly on influenza A virus (H3N2), which has an 
envelope. Feline calicivirus (F-9) ATCC VR-782, which does not have an envelope, was used to 
compare. Then, we report mainly the results of antiviral tests of the virus with an envelope and 
discuss the mechanism of maintaining the activity of the virus on the surface of the material. 

2. Materials and Methods 

2.1. Specimens, Viruses, and Cells 

The virus used was influenza A virus (H3N2) ATCC VR-1680. Feline calicivirus (F-9 ATCC VR-
782) was used for comparison. Six materials were used: pure iron (99.9%), commercial rolled steel 
(JIS SS400), pure titanium (99.9%), pure nickel (99.9%), two types of commercial stainless steel (JIS 
SUS304, SUS316L), and a control (PE film, Organo) with no correlation with the materials. Three 
sheets from each sample were used in the experiment. The film used to cover the samples was PE 
film cut into 4×4 strips. MDCK (NBL-2) was used for the influenza virus, and CRFK (ATCC CCL-94) 
was used for the feline calicivirus. Preliminary experiments were conducted to determine the 
concentration of the virus solution used in this study. The test was performed under N number = 6. 

2.2. Cell passaging Culture and 6-Well Plate Preparation 

In conducting this experiment, performing periodic passaging of MDCK (NBL-2 ) in the case of 
influenza virus and CRFK cells in the case of feline calicivirus was necessary. The procedure for 
periodic passaging was as follows: 

After confirming 90~100% confluency of cells cultured in 75 cm2 flasks under a microscope, 
trypsin EDTA (TE) frozen in a 15-mL centrifuge tube was thawed in a beaker filled with water. The 
thawed TE was inverted and mixed, then subjected to 1000 GRP for 5 min in a centrifuge, and the TE 
was collected. 75 cm2 flasks of cultured cells were washed twice with 10 mL of PBS. After 5 min, the 
75 cm2 flask was removed and the cells attached to the bottom of the flask were peeled off by tilting 
the flask. After 5 minutes, the 75-cm2 flask was removed and tilted to remove cells adhering to the 
bottom of the flask. 10 mL of 10% FBS-EMEM was added to the removed 75-cm2 flask, and floating 
cells were collected in a 15-mL centrifuge tube by repeated pipetting a few times. For passaging, 18 
mL of 10% FBS-EMEM was added to a new 75 cm2 flask, and the suspended cells in the 15-mL 
centrifuge tube were added to the previously prepared flask after repeated pipetting a few times. To 
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prepare a 6-well plate, 36 mL of 10% FBS-EMEM was added to a 50-mL centrifuge tube. To this, 4 mL 
of 10% FBS-EMEM containing the collected suspended cells was added, making a total of 40 mL of 
10% FBS-EMEM solution containing suspended cells. Then, 3 mL was added to each well of a 6-well 
plate to make a 6-well plate. Both the flasks and 6-well plates were tested within 2~4 days while 
confirming confluency by microscopic observation. 

2.3. Film Covering Method 

The PE film was cut out 4 x 4 cm and stored in a petri dish filled with alcohol. The water bath 
was set at 36°C in advance. Ten freeze-dried viruses (100 μm) were placed in the water bath for 2 
minutes to thaw. The test material was placed on a petri dish, vortexed with the virus solution 
prepared earlier, and thoroughly agitated. Then, 0.4 ml of the virus solution was inoculated and 
covered with PE film. The samples and PE film were briefly sterilized with alcohol at 25°C, 90%RH 
or higher for 24, 6, and 3 hours to allow the virus to interact with the samples. After incubation, 10 
ml of washing solution (SCDLP medium) was added and pipetted several times in a petri dish. The 
virus solution was then collected in a centrifuge tube [18–20]. 

2.4. Plaque Assay 

The plaque method is a method to evaluate the antiviral activity of cells cultured in a monolayer 
on the bottom of a well by seeding the cells with virus solution, infecting them, and then staining 
them. The plaque method was selected for this study because it is the simplest method, and the results 
are visible from a third-party perspective, although there are other methods, such as the TCID50 
method[21]. Usually, when cells at the bottom of the well are infected with a virus, the cells are 
destroyed and peeled off from the bottom. The hole formed by the detached cells is called a plaque. 
The antiviral activity is evaluated by measuring the plaque formed[22]. 

The virus solution obtained by the film covering method is diluted to a concentration 
determined in a preliminary experiment. If the concentration of the virus solution is too high, plaques 
may form all over the cells, making it impossible to measure the number of plaques. Next, 0.1 ml of 
the diluted virus solution was seeded onto the cells. After seeding, the cells were incubated at 35°C 
for 1 hour with a CO2 concentration of 5% and tilted every 15 minutes to spread the virus solution 
over the entire surface of the well plate. After the tilting, each well was fixed with agar medium 
containing a certain amount of medium solution and incubated in a CO2 incubator under the same 
conditions for 2 days. After the incubation, the cells were fixed with glutaraldehyde for 1 hour, the 
agar medium was removed, and the cells were stained with methylene blue for 30 minutes. This 
staining identified uninfected cells and plaque. In this experiment, however, plaques were not formed 
in all results. However, the degree of detached cells other than plaques also varied from sample to 
sample. Therefore, we evaluated the antiviral activity of each sample using ImageJ to determine the 
area fraction of stained cells that remained on the bottom of the wells. 

2.5. Measurement of Area Fraction of Damaged Cells 

ImageJ was used to measure stained residual cells. First, a photograph of the resulting 6-well 
plate was taken. The photograph was imported into ImageJ. Image>Crop was then selected and 
cropped to the appropriate size. The scale was adjusted to match the bottom of the wells. The image 
was changed to 16-bit and adjusted to select the residual cell area after selecting Adjust>Threshold. 
This allowed us to measure the percentage of residual cells relative to the bottom of the well. 

3. Results 

3.1. Experimental Results for Control (Polyethylene Film: PE) 

The vertical axis represents the percentage of residual cells in the area of the healthy bottom. The 
higher these percentages are, the fewer cells are infected with the virus. This means that the antiviral 
activity of the test material is high. The horizontal axis shows the results for the six test materials. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 March 2024                   doi:10.20944/preprints202403.0564.v1



 4 

 

The results for the PE film used as a control are shown in Figure 1. 24 hours of incubation 
resulted in 100% residual cells in all six results. The results for the 6-hour incubation period showed 
that, on average, about 90% of the cells remained uninfected, although some were almost entirely 
uninfected. The 3-hour results showed that more cells were infected with the virus than the 6-hour 
results, with about 80% of cells remaining. From this point of view, it can be considered that the virus 
is inactivated under the conditions of this experiment after 24 hours, even if there is no correlation. 

 

3.2. Results for Some Metal Specimens 

3.2.1. Pure Iron 

The results for pure iron are shown in Figure 2. The average number of residual cells in the 3-
hour incubation period was 99%. These results indicate that pure iron is highly antiviral compared 
to the above-mentioned control test results and that the virus is inactivated after 6 hours of adhesion 
on Fe. The results also showed that the virus was sufficiently antiviral after 3 hours of adhesion. This 
suggests that pure iron strongly correlates with the virus. 

 

3.2.2. Commercial Carbon Steel (JIS SS400) 

The results of SS400 are shown in Figure 3. SS400 also showed high antiviral activity, with no 
plaque formation after 24 hours of incubation and 6 hours of incubation as in the case of Fe. The 
average of residual cells after 3 hours of incubation was 94%, which was slightly less antiviral than 

 
 
Figure 1 Changes over time in antiviral test results for polyethylene film 

 
Figure 2. Changes over time in the results of antiviral testing of pure iron.  
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Fe. This result does not necessarily make it clear, but it can be concluded that the correlation with the 
virus is either equal to that of pure iron or slightly weaker than that of pure iron. If the latter view is 
correct, the production of iron ions was somewhat lower than that of pure iron under the conditions 
of this experiment. In the case of metallic materials, the reaction of ions with biologically relevant 
polymers is considered to be responsible for many of the phenomena. 

 

3.2.3. Pure Nickel 

The results of the pure nickel test are shown in Figure 4. As shown in the figure, no plaques were 
formed on pure nickel after 24 hours of incubation, and the virus was inactivated on nickel after 24 
hours of incubation. This indicates that pure nickel is more susceptible to virus inactivation than pure 
Fe or SS400. In the 3-hour incubation period, plaques formed in all wells. The average residual cell 
count was 75%. In terms of correlation with a virus, the correlation between nickel ions and the virus 
is estimated to be lower than that of iron ions. 

 
 

3.2.4. Pure Titanium 

The results of the pure titanium test are shown in Figure 5. Pure titanium also showed no plaque 
formation after 24 hours of incubation, and viruses were inactivated after 24 hours of incubation. 
Fewer plaques were formed in the 6-hour incubation period than in the pure nickel incubation period. 
3-hour incubation resulted in the formation of many plaques in all six wells. These results indicate 
that pure titanium maintains a high level of viral activity during the 3-hour incubation period. This 

 
Figure 3. Changes over time in the results of antiviral testing of carbon steels.  

 
Figure 4. Changes over time in the results of antiviral testing of pure nickel 
specimens.   
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may mean that titanium does not react with the virus, that titanium does not ionize easily under the 
conditions of this experiment, or both. 

 

3.2.5. Austenitic Stainless Steels 

JIS SUS 304 and SUS 316 were investigated in this experiment. The results for SUS 304 are shown 
in Figure 6. 24 hours of incubation resulted in the formation of plaques in two wells, which was not 
significantly different from the results for 6 hours of incubation. The results suggest that SUS 304 steel 
may have less effect on virus activity than pure iron or carbon steel, even though they are the same 
steel materials. 3 hours of incubation also resulted in the formation of more plaques in the case of 
SUS 304 steel, indicating that inactivation of the virus was less likely to occur than with pure iron or 
carbon steel. This suggests that virus inactivation was less likely to occur with SUS 304 steel than 
pure iron or carbon steel. If the correlation between the formation of iron ions and polymers as virus 
components is responsible for the inactivation of the virus in steel materials, this is because the high 
corrosion resistance coating of stainless steel prevents the formation of iron ions, which are 
considered to have a slightly weaker correlation with the virus than iron, a component of the virus. 
The same may be true for nickel ions, which have a slightly weaker correlation with viruses than iron. 

The results for SUS316L are shown in Figure 7. 24 hours of incubation resulted in no plaque 
formation, while 6 hours of incubation resulted in plaque formation in a few wells. 3 hours of 
incubation resulted in plaque formation in many wells. Comparing these results with those of SUS 
304, which is also an austenitic stainless steel, it can be assumed that inactivation of the virus is slower 
in the case of SUS 316 steel. This is because the percentage of cells remaining after 24 hours tends to 
be slightly higher for SUS 304 and lower for SUS 316. This means that inactivation of the virus is 
delayed in SUS316. The significant difference between the alloying elements of SUS316 and SUS316 
steel is molybdenum. The corrosion resistance of SUS316 steel is usually higher, and the dissolution 
of iron ions tends to be more inhibited in SUS316 steel. From this point of view, viral inactivation is 
more inhibited in SUS316 steel than in SUS304 steel. In addition, molybdenum decreases virus 
activity in the form of a single substance, oxide, or complex. Therefore, the inhibitory effect of 
molybdenum itself may be related to this. 

 

Figure 5. Changes over time in the results of antiviral testing of pure 
titanium specimens. 
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3.3. Comparison of Results in the Case of Influenza Virus and Feline Calicivirus 

The average of the time of incubation for each sample is shown in Figure 13, and the results for 
feline calicivirus after 6 hours of incubation are shown in Figure 14. 24 hours of incubation resulted 
in no plaque formation for the samples other than SUS304. As shown in Figure 14, most of the viruses 
used in this study, influenza A virus (H3N2) ATCC VR-1680, were inactivated after 24 hours or more 
of incubation on the metal material. The 3-hour incubation period showed significant differences 
among the samples. The 3-hour incubation period showed significant differences among the samples, 
with the pure titanium sample showing plaque formation overlapping the entire well. There was no 
significant difference in the average number of residual cells between the 24-hour and 6-hour 
incubations, whereas plaques were formed in all samples at 3 hours of incubation. These results 
indicate that the time the virus remains attached to the sample surface significantly affects viral 
activity. 

The 6-hour incubation results were used to compare influenza virus and feline calicivirus. The 
trend for each feline calicivirus sample was similar to that of the influenza virus. Iron ions were the 
most antiviral, resulting in the highest cell survival rate. Carbon steel showed slightly lower antiviral 
activity, followed by pure nickel, and pure titanium showed even lower antiviral activity. Stainless 
steel was also more antiviral than pure titanium but less so than pure iron and carbon steel. This 
suggests that, as a trend, the type of ionized metal is the dominant factor in antiviral binding to 
biogenic polymers rather than differences in viral structure, but further investigation is needed. 

 
Figure 6. Changes over time in the results of antiviral testing of JIS SUS304 
steel  specimens. 

 
Figure 7. Changes over time in the results of antiviral testing of JIS SUS316 
steel  specimens. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 March 2024                   doi:10.20944/preprints202403.0564.v1



 8 

 

Although only a comparison of the 6-hour results is shown in this experiment, detailed differences 
could be further elucidated by varying the time of incubation and virus concentration. 

4. Discussion 

The ions formed on the surface of the metallic material are thought to react with the polymers 
in the outer layer of the virus to form a complex. Some metal ions are thought to be incorporated into 
the virus and react with nucleic acids and capsids. Therefore, it is thought that the ease with which 
metals dissolve as ions and react with the polymers of viral components positively influences viral 
inactivation, i.e., antiviral activity. This can be discussed in more detail as follows. 

The first is the ease or speed of solubilization as metal ions. Metal ions that quickly form 
complexes with polymers in the viral outer layer or materials readily soluble as metal ions and 
dissolve at a high rate tend to promote viral inactivation. Of particular importance in this regard are 
the iron elements. The affinity of iron ions for the polymers that make up the virus is extremely high, 
probably because they bind to the polymers and form complexes with them[23]. This is also the case 
for biofilms, where polymers derived from bacteria and bacterial cells are essential components[24]. 
It is well known that iron is an essential element in living cells in general and that it readily binds to 
polymers derived from living organisms. Nickel and molybdenum are also trace elements in living 
organisms, and although not to the same extent as iron, they are metals that can bind to polymers of 
biological origin. Titanium, on the other hand, generally does not bind to biogenic polymers. 
Therefore, we speculate that the solubilization of iron as an ion is the most dominant factor 
influencing viral inactivation. 

The second factor influencing inactivation is the dissolution rate of iron, nickel, and 
molybdenum (in the case of this experiment), which are easily converted to ions. Stainless steel was 
used in this experiment. The surface of this steel has a surface film composed not only of iron but also 
of oxides of these metals by chromium, nickel, and molybdenum, which is denser and more stable 
than an oxide or passive film composed only of iron. Therefore, the formation rate of iron ions, which 
are the main element, is significantly reduced. The same is true for other metals, such as nickel and 
molybdenum. Although we could not conduct experiments on chromium in this study, we assume 
that the same is valid for chromium. Therefore, the inactivation of stainless steel, where the rate of 
ion formation is slower due to a dense surface film on the material, may be delayed compared to pure 
iron or carbon steel. 

In any case, once the metal ions are formed and react with the polymer, inactivation of the virus 
occurs, which in the case of this experiment was found to occur within a few hours. After a more 
extended period (24 hours), all viruses were inactivated, suggesting that an appropriate time frame 
is necessary to evaluate the steel material accurately. 

5. Conclusions 

In this study, the antiviral properties of pure iron, carbon steel, pure nickel, pure titanium, and 
two types of austenitic stainless steels against influenza virus and feline calicivirus were evaluated 
by combining the film covering method and plaque assay to determine the area fraction of cells not 
damaged by the virus (residual The antiviral activity was evaluated by measuring the area fraction 
where cell damage by the virus does not occur (residual area fraction) using a combination of the film 
covering method and plaque assay. The relationship between the type of metal ions and the virus 
inactivation rate was then examined, and the mechanism and other effects of metal ions formed on 
the surface of metal materials on virus inactivation were discussed. The results suggest that metal 
ions promote virus inactivation by forming a complex with the outer polymer of the virus or by being 
incorporated into the interior of the virus and reacting with nucleic acids and capsids. Further studies 
are expected to elucidate the mechanism of virus inactivation by metal ions and to develop more 
effective antiviral materials. 
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