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Summary

The efficacy of two kinds of disinfectants, ‘Cleakil-100" (Tamura-Seiyaku Corp., Tokyo, Japan) and Panvaxl00 (Fujita
Pharmaceutical Co., Ltd., Tokyo, Japan), both containing didecyl dimethyl ammonium chloride, in inactivating the porcine
epidemic diarrhea virus was evaluated. Both of the tested disinfectants were considered to be effective against the porcine
epidemic diarrhea virus at dilutions of up to 6400-fold in the absence of fetal bovine serum, which was a representative of

organic substances in the field, and also at dilutions of up to 800-fold in the presence of fetal bovine serum.
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Porcine epidemic diarrhea (PED) is caused by
the PED virus, which differs from the transmissible
gastroenteritis coronavirus belonging to the genus
Alphacoronavirus in the family Coronaviridae'™ .
PED was discovered in Europe in the 1970's
and then it spread worldwide'. In Japan, PED-
like disease was first confirmed in 1982, and an
outbreak occurred in the 1990 s. No cases of PED
were detected during the 2007-2012 period, but
a second outbreak has occurred in Japan in the
period since 2013>7.

Although live vaccines against PED have been
developed, they show passive efficacy with the

maternal antibody™®?. Therefore, hygiene control,
including utilization of disinfectants, as well as
vaccine inoculation, is undoubtedly necessary.
Many disinfectants have been developed
against viruses. Some such as phenol, quaternary
ammonium compound, sodium hypochlorite,
oxidizing agent, and quaternary ammonium/
glutaraldehyde combination, have been shown to
be effective in inactivating the PED virus'”. The
quaternary ammonium salt class of compounds
is a well-known group of disinfectants effective
against viruses, including the PED virus. However,
the efficacy of the single ingredient, didecyl
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dimethyl ammonium chloride, which is one of the
quaternary ammonium salt class of compounds,
has not yet been reported against the PED virus.

The present research evaluated the efficacy
of disinfectants containing didecyl dimethyl
ammonium chloride on inactivation of the PED
virus with the objective of obtaining more choices
for the control of PED.

The disinfectants evaluated were ‘Cleakil-100’
(Tamura-Seiyaku Corp., Tokyo, Japan) and

‘Panvax100’" (Fujita Pharmaceutical Co., Ltd.,
Tokyo, Japan), each containing 10 g of didecyl
dimethyl ammonium chloride as an active
ingredient per 100 mL of product. The latter
disinfectant has been developed as a generic
product of the former. Generic drugs contain the
same active ingredient at the same concentration
as the original drug, but the excipients usually
differ. The difference in excipients may influence
the efficacy of the product. In fact, the difference
has been often reported between original and
generic products of many drugs, for example

11)

of recent days, such as lidocaine tapes™’ and

12, Accordingly, two kinds of

rebamipide tablets
products, the original drug and the representative
generic drug, were evaluated in the present
research.

A strain of the PED virus, P-5V, was isolated
from a commercial live vaccine, ‘Nisseiken PED
Live Vaccine' (Nisseiken Co., Ltd.,, Tokyo, Japan)

through passage in an African green monkey

kidney cell line (Vero cells) following dissolution
of the vaccine in phosphate buffered saline. The
PED virus was obtained by centrifugation of the
culture media after confirming a cytopathic effect
(CPE) in 70% of the Vero cells. Although the
present research was conducted using an isolate
from the live vaccine and not wild isolates of the
virus, the results will serve as useful findings in an
elementary sense.

Prior to the main experiments, the cytotoxicity
of the disinfectants themselves (not of the virus)
was examined. Each disinfectant was diluted 800-,
1600-, 3200-, 6400- and 12800-fold, followed by
further 10"-10° dilutions. The prepared 25 dilutions
of each disinfectant were inoculated into wells of a
microtiter plate containing a Vero cell monolayer.
Structural alteration of the cells was observed
after five days of cultivation at 37C under 5%
CO,. When abnormal findings were observed,
the disinfectant was judged to be positive for
cytotoxicity.

Cytotoxicity of the disinfectants ‘Cleakil-100’
and ‘Panvax 100, judged from their CPE, was
detected at an 80000-fold dilution and higher
concentrations (Table 1).

The inactivation efficacy of the disinfectants was
evaluated as follows. A PED virus suspension was
mixed with ten-fold serial dilutions of 800-, 1600-,
3200-, 6400- and 12800-fold diluted disinfectants,
respectively, with or without 5% fetal bovine serum
(FBS), and incubated at ambient temperature for

Table 1. Cytotoxicity of ‘Cleakil-100° and ‘Panvax 100’ in Vero cells

First dilution of disinfectants

Cytotoxicity of the disinfectant

secondly diluted (inoculated to Vero cells) as

101 102 103 104 105

800-fold +/+* +/+ —/— —/— —/—
1600-fold +/+ —/— —/— —/— —/—
3200-fold +/+ —/— —/— —/— —/—
6400-fold +/+ —/— —/— —/— —/—
12800-fold —/— —/— —/— —/— —/—

* Shown as the result for ‘Cleakil-100’/ the result for ‘Panvax 100’
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5, 10 or 30 minutes. Next, an aliquot of the mixture
was inoculated into the wells of a microtiter plate
containing a Vero cell monolayer. Occurrence of
a cytopathic effect (CPE) was observed after five
days of cultivation at 37C under 5% CO,, and the
virus titer was calculated by judging the cells with
CPE as positive for virus infection.

Virus titers after treatment with ‘Cleakil-100’
and Panvax 100, calculated on the basis of the
cytotoxicity evaluation, were under the detection
limit after incubation for 5 minutes or more with
each of the two disinfectants, diluted 6400-fold or
at higher concentrations in the absence of FBS. In
the presence of FBS, on the other hand, the titers
were under the detection limit after incubation
for 5 minutes or more with each of the tested
disinfectants diluted 800-fold (Table 2).

PED i1s a viral disease of pigs with high
infectivity, and the economic loss due to the
disease has been extensive'”. As described above,

live vaccines have been developed against PED,
but the vaccines are inoculated to sows, and their
piglets passively develop immunity to PED due to

89 Therefore, vaccination

the maternal antibody
1s considered to be the only feasible way to
prevent PED and hygiene control, including the
utilization of disinfectants, is necessary.

Of the many kinds of biocides against viruses,
those utilizing quaternary ammonium salts are
known to function as excellent disinfectants'™ .
The present research was conducted to evaluate
the efficacy of two kinds of disinfectants employing
a quaternary ammonium class compound, didecyl
dimethyl ammonium chloride, in the inactivation
of the PED virus, in the presence and absence
of FBS, which was a representative of organic
substances in the field. One of the evaluated
disinfectant products was a brand-name product
and the other was generic.

The excipients of generic drugs usually differ

Table 2. Virus titers (log TCIDs,/mL) after treatment with ‘Cleakil-100° and ‘Panvax 100’ against the

porcine epidemic diarrhea virus

Presence or o
Dilution of

Virus titers (log TCIDso/mL)* after treatment

absence of . with the disinfectant for an incubation time of
fetal bovine serum disinfectants 5 minutes 10 minutes 30 minutes
800-fold <3.5/<3.5** <3.5/<3.5 <3.5/<3.5
1600-fold <2.5/<25 <2.5/<2.5 <2.5/<25
- 3200-fold <2.5/<25 <2.5/<25 <2.5/<25
6400-fold <2.5/<25 <2.5/<25 <2.5/<25
12800-fold 2.5/2.5 2.5/2.5 2.5/2.5
800-fold <3.5/<3.5 <3.5/<3.5 <3.5/<3.5
1600-fold 4.1/3.9 3.7/3.5 <2.5/<2.5
+ 3200-fold 55/5.5 51/5.3 4.9/4.7
6400-fold 5.5/5.5 5.5/5.5 5.5/5.5
12800-fold 5.7/5.7 5.7/5.5 5.5/5.5

* Detection limit of the virus titer is 1035 TCIDso/mL at an 800-fold dilution, 1025
TCIDso/mL at 1600-fold, 3200-fold and 6400-fold dilutions, and 1015 TCIDso/mL at a

12800-fold dilution in both trials for Cleakil-100’ and ‘Panvax 100’.
** Shown as the result for ‘Cleakil-100’/ the result for ‘Panvax 100’
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from those of the original drug, although the active
ingredient is the same in each. A difference in
efficacy is considered possible due to the difference
in excipients. However, equivalent efficacy was
confirmed in the inactivation of the PED virus
between the two tested disinfectants.

Therefore, both of the tested disinfectants
were found to be effective against the PED virus
at dilutions of up to 6400-fold in the absence of
FBS and also at dilutions of up to 800-fold in the
presence of FBS, based on the findings that the
virus titers were under their detection limit at
these dilutions.

It was concluded that the evaluated disinfectant
products, both of which utilize didecyl dimethyl
ammonium chloride as the active ingredient,
exhibited equivalent efficacy in inactivating the
PED virus, to the extent evaluated against an
isolate from the live vaccine, in both the presence
and absence of FBS which was a representative of
organic substances in the field.

REFERENCES

1) D. Song and B. Park: Porcine epidemic
diarrhoea virus: A comprehensive review
of molecular epidemiology, diagnosis, and
vaccines. Virus Genes, 44 (2): 167-175, 2012.

2) K. Jung and L. ]J. Saif: Porcine epidemic
diarrhea virus infection: Etiology, epidemiology,
pathogenesis and immunoprophylaxis. Vet. /.
204 (2): 134-143, 2015.

3) D. Song, H. Moon and B. Kang: Porcine
epidemic diarrhea: A review of current
epidemiology and available vaccines. Clin. Exp.
Vaccine Res., 4 (2): 166-176, 2015.

4) C. Lee: Porcine epidemic diarrhea virus: An
emerging and re-emerging epizootic swine
virus. Virol J. 12: 193, 2015. doi: 10.1186/
s12985-015-0421-2.

5) T. Takehisa: Porcine epidemic diarrhea
(PED) situation in Japan. J. Vet. Epidemiol.,
18 (2): 111-113, 2014 (in Japanese with English
summary).

6) M. Yamakawa, A. Miyazaki, T. Suzuki and S.
Ohashi: Characteristics of the 2-13-2014 strains
of porcine epidemic diarrhea virus. J. Vet.

156

7)

8)

9)

10)

11)

12)

13)

Epidemiol., 18 (2): 111-118, 2014 (in Japanese
with English summary).

M. Sueyoshi: The outbreak of porcine epidemic
diarrhea occurring in Japan in 2014. J. Vet
Epidemiol., 18 (2): 119-123, 2014 (in Japanese
with English summary).

Y. Usami, O. Yamaguchi, K. Kumanomido and
Y. Matsumura: Antibody response of pregnant
sows to porcine epidemic diarrhea virus live
vaccine and maternally-derived antibodies
of the piglets. J. Jpn. Vet. Med. Assoc., 51
(11): 652-655, 1998 (in Japanese with English
summary).

K. Crawford, K. M. Lager, V. Kulshreshtha, L.
C. Miller and K. S. Faaberg: Status of vaccines
for porcine epidemic diarrhea virus in the
United States and Canada. Virus Res., 226: 108-
116, 2016.

A. S. Bowman, J. M. Nolting, S. W. Nelson,
N. Bliss, J. W. Stull, Q. Wang and C.
Premanandan: Effects of disinfection on the
molecular detection of porcine epidemic
diarrhea virus. Vet. Microbiol., 179 (3-4): 213-
218, 2015.

M. Sugino, M. Mikami, T. Ishihara, O. Hosoya
and K. Juni: Effect of adhesives on the
properties of adhesion, drug release and skin
permeation of lidocaine tapes. Yakugaku
zasshi, 135 (8): 977-985, 2016 (in Japanese with
English abstract).

N. Abe, H. Funato, A. Hirata, M. Nakai, M.
lizuka, H. Shiraishi, K. Jobu, Y. Yagi, A.
Kadota, K. Ogi, J. Yokota and M. Miyamura:
Evaluation of gastric mucosal injury model
animals of rebamipide formulation — Study of

therapeutic equivalence — . Yakugaku Zasshi,
136 (4): 677-684, 2016 (in Japanese with English
abstract).

0. Ichikawa, A. Tulafu, T. Yoshioka, K. Hotchi
and T. Ozaki: Analysis of the economic
impact on the pig farmers and their corporate
management caused by the spread of the
porcine epidemic diarrhea among domestic
swine. Research of One Health (Science
Journal of Graduate School of Rakuno Gakuen
University), 2015/0ctober, 39-46, 2015 (in



Inactivation of the Porcine Epidemic Diarrhea Virus by Commercial Disinfectants Containing Didecyl Dimethyl Ammonium Chloride as the Active Ingredient

Japanese with English summary). 2000.

14) F. Battaglia, G. Scambia, M. Distefano, S. 15) C. P. Gerba: Quaternary ammonium biocides:
Ronca, F. Plotti, G. Plotti e S. Mancuso: I Efficacy in application. Appl Environ.
sali quaternari di ammonio in ginecologia ed Microbiol., 81 (2): 464-469, 2015.

ostetricia. Minerva Ginecol, 52 (11): 471-484,

157



