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ABSTRACT.	 Scallop shell powder produced by calcination process − the average diameter of the powder particles being 20 µm (SSP) − was 
further ground into nano-sized particles, with average diameter of 500 nm, here designated CaO-Nano. Solution of CaO-Nano could 
inactivate avian influenza virus within 5 sec, whereas the solution of SSP could not even after 1 hr incubation. CaO-Nano solution could also 
inactivate Newcastle disease virus and goose parvovirus within 5 sec and 30 sec, respectively. The virus-inactivating capacity (neutralizing 
index: NI>3) of the solution was not reduced by the presence of 20% fetal bovine serum. CaO-Nano solution seems to be a good candidate 
of materials for enhancement of biosecurity in farms.
KEY WORDS:	 biosecurity, nano-sized scallop shell powder, virus inactivation

doi: 10.1292/jvms.14-0158; J. Vet. Med. Sci. 76(9): 1277–1280, 2014

Highly pathogenic avian influenza (HPAI) is one of the 
most serious diseases in the poultry industry. Vaccinations 
of HPAI for poultry can be used to prevent onset of clinical 
signs, but vaccines cannot protect birds from infections [17]. 
In China, Egypt, Mexico and Vietnam where vaccination 
against HPAI has been used, the causative viruses could not 
be eradicated [2, 7, 10, 13]. In these days, fatal human cases 
appeared in China not only infected by HPAI virus H5N1, 
but also by low pathogenic avian influenza (LPAI) viruses 
of the subtypes H7N9 [6] and H10N8 [3], and all of which 
had a domestic poultry intermediate. In Korea, vaccination 
against LPAI virus H9N2 has been used since 2007, however, 
the virus underwent antigenic drift and evolved into distinct 
antigenic groups [11]. According to the strategy by the Of-
fice International des Epizooties (OIE), it is important to 
realize that vaccination alone is not considered the solution 
to the control of avian influenza (AI) whenever eradication 
is the desired result [14]. Without the application of monitor-
ing systems, strict biosecurity and depopulation in the face 
of infection, there is the possibility that these viruses could 
become endemic in vaccinated poultry populations [5, 14].
Virulent type of Newcastle disease viruses (NDVs) was 

isolated from vaccinated chicken farms without typical signs 
of Newcastle disease (ND) [25]. This fact and HPAI condi-

tions in countries using vaccines against HPAI suggest that 
virulent viruses may survive in the vaccinated flocks in the 
form of sub-clinical infection.
Enhancement of biosecurity at poultry farms is one of the 

most important strategies to control infectious diseases [14]. 
Organic solvents and detergents, such as sodium deoxycho-
late and sodium dodecylsulfate, can inactivate enveloped vi-
ruses, because these detergents can destroy lipid bilayers of 
viruses. However, non-enveloped viruses that are expected 
to have high resistance to disinfection, such as norovirus 
[15, 23] and especially parvovirus, the most resistant species 
identified, could not be inactivated by detergents [4, 15]. So 
far, many disinfectants have been applied for enhancement 
of biosecurity at poultry farms, however, most of them have 
disadvantages of diminished virus-inactivating ability in the 
presence of organic materials.
Calcinated calcium powder made by scallop shells, − the 

average diameter of the powder particles being 20 µm (SSP) 
− has been shown to possess virus-inactivating ability even 
in the presence of organic materials [24]. Bioceramic pow-
der prepared from chicken feces was also shown to inacti-
vate viruses in the presence of organic materials [19]. These 
powders can be used as “trapping” disinfection materials 
instead of slaked lime, because of their long lasting virus-
inactivating ability [24]. Slaked lime became hardened in the 
shape of a board, but SSP remained as soft powder until the 
end of the experiment (8 months post-scattering) [24].
In the present study, SSP was further ground into nano-

sized particles (the average size of which is 500 nm − there-
after called CaO-Nano), and CaO-Nano solution was evalu-
ated for its virus-inactivating capacity against AIV, NDV and 
goose parvovirus (GPV).
Heat-treated scallop shell powder with average particle 
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size of 20 µm (SSP) and 20% suspension (weight per vol-
ume, w/v) of CaO-Nano in redistilled water (dW2) were 
kindly supplied by C&C Co., Ltd. (Tokyo, Japan) and Takara 
Yojo Co., Ltd. (Kawasaki, Japan), respectively. Suspension 
of 3%, 6% and 10% (w/v) of SSP and 2% suspension of 
CaO-Nano were prepared in dW2. Just before use, these sus-
pensions were centrifuged at 12,000 × g for 3 min, and the 
resulted supernatants were used as SSP solution (pH 12.3) or 
CaO-Nano solution (pH 13.1).
LPAI virus A/duck/Aomori/395/04 (H7N1) [9], NDV 

strain Sato [21] and GPV strain IHC [20] were propagated 
in 10-day-old embryonated chicken eggs for AIV and NDV 
or Muscovy duck embryo fibroblasts (MDEF) prepared from 
14-day-old Muscovy duck embryos for GPV. After aliquot, 
these viruses were kept at −80°C until used. AIV was titrated 
in Madin-Darby canine kidney (MDCK) cells as described 
[8], NDV in chicken embryo fibroblasts (CEF) prepared 
from 10-day-old chicken embryos and GPV in MDEF as 
described [20, 21]. Viruses were diluted in serial-10 fold di-
lution in Eagle’s minimum essential medium (MEM, Nissui 
Pharmaceutical Co., Ltd., Tokyo, Japan) supplemented with 
0.3% of tryptose phosphate broth, penicillin 100 units/ml, 
streptomycin 100 µg/ml, amphotericin B 0.5 µg/ml and 4 
mM L-glutamine, and 100 µl of each dilution were inoculat-
ed onto susceptible cells seeded in 96 well cell-culture plates 
(4 wells per dilution, 200 µl final volume in each well). For 
AIV, 2 µg/ml (final concentration) trypsin (Trypsin, from 
bovine pancreas 10,000BAEE units/mg protein, Sigma, St. 
Louis, MO, U.S.A.) was added to each well. The plates were 
incubated at 37°C in the presence of 5% CO2 and observed 
for virus-induced cytopathic effect (CPE). At 3 days-post in-
oculation (dpi) for AIV and at 5 dpi for NDV, hemagglutinin 
(HA) activity of the culture supernatant was checked with 
0.5% chicken red blood cells (CRBCs) [21]. For GPV, at 
7 dpi, an endpoint cell viability was assayed by crystal-violet 
staining [18]. Titers were calculated by Behrens-Kaerber’s 
method [8] with HA results for AIV and NDV and with re-
sult of crystal violet for GPV and expressed as 50% tissue 
culture infectious dose (TCID50).
Four hundred fifty micro-liters of SSP or CaO-Nano 

solutions were mixed with 100 µl of virus in a microtube, 
incubated at indicated time (5, 15, 30 and 60 sec) and then 

neutralized with 450 µl of 1M Tris-HCl (pH 7.2). The neu-
tralized samples were titrated immediately for remained 
viruses in each sensitive cell. To evaluate virus-inactivating 
activity of the solutions with organic materials, 200 µl of 
fetal bovine serum (FBS) was added to 100 µl of viruses, 
mixed with 450 µl of solutions in a microtube and then neu-
tralized with 250 µl of 1M Tris-HCl (pH 7.2). To confirm the 
effect of 1 M Tris-HCl (pH 7.2) for neutralizing the tested 
solutions, 1 M Tris-HCl (pH 7.2) was added to each solution 
before adding viruses (treatment for zero second). All the 
virus-inactivating activity tests were repeated at least 3 times 
and conducted at room temperature, namely 25°C ± 1. A nu-
merical method (neutralizing index: NI) was used to express 
the ability of an agent to inactivate viruses as previously de-
scribed [12]. The NI of virus inactivation is calculated using 
the following equation:

NI t tpc a= −

where tpc is the titer converted into an index in log10 of the 
positive control, and ta is the converted titer of the recovered 
virus from the agent-treated tube. Inactivation of viruses was 
considered effective when NI >3.0 as described [12, 22].

As shown in Table 1, CaO-Nano solution inactivated AIV 
within 5 sec to undetectable level, and this ability was not 
affected by the presence of organic materials. When CaO-
Nano solution was neutralized with 1 M Tris-HCl (pH 7.2), 
AIV was not inactivated. The high pH 13.1 of CaO-Nano 
solution seemed to be one of the main virus-inactivating 
mechanisms, because the ability of the solution was dimin-
ished after neutralization of pH with 1 M Tris-HCl (pH 7.2). 
SSP solution at 10% (pH 12.3) could not inactivate AIV 
even after 1 hr incubation (data not shown). To inactivate 
AIV, high pH − namely more than 12 − was required [26]. In 
water, calcium oxide (CaO) is converted to calcium hydrox-
ide (Ca (OH)2), which is sparsely soluble in water at 0.15% 
[1]. In nanoparticle, CaO-Nano may have more solubility in 
water than SSP, and that solubility makes the pH as high as 
pH 13.1.

NDV and GPV were also inactivated by CaO-Nano within 
5 sec and 30 sec, respectively. In the presence of organic 

Table 1.	 Inactivation of viruses with CaO-Nano solution

Virus FBS a) tpc b)
 ta at incubation period (sec) c)

0 d) 5 15 30 60
AIV + 7.50 7.50 3.75 <3.50 <3.50 <3.50

– 7.50 7.50 <3.50 <3.50 <3.50 <3.50
NDV + 9.00 9.00 5.00 4.75 4.50 4.25 

– 9.00 9.00 4.50 4.50 4.50 <3.50
GPV + 8.00 8.00 NT e) NT NT 3.75 

– 8.00 8.00 7.00 5.75 4.25 <3.50
a) Fetal bovine serum (FBS: final concentration in the reaction micro-tube was 20%) was 
added to viruses before mix with CaO-Nano solution (+), not added (–). b) tpc is the titer 
converted into an index in log10 of the positive control. c) ta is the titer converted into an index 
in log10 of the recovered virus from the CaO-Nano-treated tube. d) CaO-Nano solution was 
neutralized with 1 M Tris-HCl before add viruses. e) NT: Not tested.
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materials, CaO-Nano was effective against NDV and GPV 
(NI >3), yet, these viruses were not completely inactivated 
even after 60 sec incubation (Table 1)
SSP slurry (0.2% w/v) has been shown to possess bacte-

ria-inactivation ability [16]. For enhancement biosecurity in 
farms, slaked lime has been used in Japan as a “trapping” 
disinfection material. We have shown the efficacy of alter-
native materials, such as bioceramics derived from chicken 
feces [19] and scallop shell powder [24], but all are powder 
type. SSP has been shown to have advantage over slaked 
lime, because of its lasting softness under field conditions 
[24]. SSP and CaO-Nano are derived from the same mate-
rial, namely scallop shell, but the differences of their particle 
diameter brought about different solubility in water and dif-
ferent pH (SSP: pH 12.3 and CaO-Nano: pH 13.1). Here, 
CaO-Nano that can be used in liquid form has been shown as 
another candidate material for the enhancement of biosecu-
rity in farms. CaO-Nano also has the excellent merit that can 
keep the virus-inactivating ability even in the presence of 
organic materials. To combat against pathogens, thick pro-
tective barrier with different forms of “trapping” disinfection 
materials is necessary.
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