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Abstract

Nine disinfectants were tested at usual concentrations for virucidal efficiency on 4 DNA

and 9 RNA viruses by means of the Sephadex LH-20 gel filtration method. FPhenel group

reagents showed perfect virucidal activity on all of the DNA and RNA viruses whether

enveloped or uneveloped. Alcohol group and surface active agents had virucidal effect on

several envelaped viruses. In incorporation of virus and veast at organic substance, the

virucidal effect of surface active agent was completely suppressed, and a partial decrease of

the effect of halogen compound was also observed on each virus tested.
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Introduction

Disinfectants are used for expectative destruct-
ible effects on contaminating hacterial and viral
pathogens in many research laboratories. Bacteri-
cidal mechanisms of disinfectants are relatively
well known ; degeneration of cellular protein in
bacteria treated with alcohol and aldehyde groups,
and in the treatment of phenol and halogen groups,
coagulation of cellular protein in high concentra-
tion and inactivation of bacterial enzymes in low
concentration. In Japan the comparable estima-
tion of bactericidal disinfectants has been carried
out according to the standard manuals which are
provided by the Ministry of Health and Welfare.
Such mechanisms have not yet been fully explored

on virucidal disinfectants.  There is a report on the

destruction of viral RN A in chlorine inactivation of
polioviruses ; no effect of chlorine on the viral
capsid protein was observed®. In future virucidal
activity of disinfectants will have to be compared
with the standard method established by an ade-
quate organization. The present paper, however,
is concerned with virucidal efficacy of 9 disinfect-
ants against 13 viruses through the Sephadex LH-
20 gel filtration method®.

Materials and Methods

Disinfectants

The 9 disinfectants used are as follows: 2 alco-
hols (ethanol, Amakas Chemical Co., Ltd., Tokyo,
isopropanol, Kanto Chemical Co., INC, Tokyo),
formaldehyde (Kanto Chemical Co., INC, Tokvo), 2
phenolitics  (phenol, Kanto Chemical Co., INC,
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Tokvo, saponated cresol, Kenei Pharm. Co., Ltd,,
Osaka), 2 halogen compounds (iodophor, Pfizer
Taito Coa.. Ltd., Tokvo, sodium hvpochlorite, Kanto
Chemical Co., INC, Tokvoe) and 2 surface active
agents (benzalkonium chloride, Kenei Pharm. Co.,
Ltd., Osaka, didecyldimethyl ammonium chloride,
Sumitomo Pharm. Co., Ltd., Osaka).

Viruses and cell cullures

The HH 1 strain of equine rhinopneumonitis
virus (ERV), the C7301 strain of feline rhinotra-
cheitis virus (FRV), the Woc-4 strain of infectious
canine hepatitis virus (ICHV) and the Abashiri
strain of mink enteritis virus (MEV) were used as
DNA viruses, and as RNA viruses, the HEP-Flury
strain of rabies virus (RBV), the Ml 110 strain of
Getah virus (GTV), the Sato strain of Newcastle
disease virus (NDV), the SN-48 strain of avian
infectious bronchitis virus (IBV), the JaGAr*01
strain of Japanese encephalitis virus (JEV), the SA
11 strain of simian rotavirus (SRV), the Lincoln
strain of Nebraska calf diarrhea virus (NCDV), the
No. | strain of feline calicivirus (FCV), and the PV
1 strain of infectious bursal disease virus (IBDV).
These viruses were passaged and prepared in
appropriate tissue culture systems or chick em-
bryonated eggs (IBV), ERV in RK-13 cells, ICHV in
MDCK cells, MEV, FRV and RCV in CRFK (cat
kidney) cells, RBY and G'TV in BHK 21 cells, NDV
and IBDV in primary chick embryo fibroblast cells,
JEV in C6/36 cells, SRV and NCDV in MA 104
cells, respectively. These cells were cultured in
Eagle's minimum essential medium (Nissui Seivaku
Co.. Ltd., Tokyo) supplemented with antibiotics and
calf or fetal calf serum. The same medium with-

out serum was used as maintenance medium
containing 0.5 gg/ml trypsin (bovine origin, type 3,
Sigma Chemical Co., Ltd., USA) for the cells after
inoculation of SRV or NCDV.

stock solution and the virus titers after chemical

The virus titers of

inaclivation were titrated with 10-fold dilution
method in each of culture cells or chick embryonat-
ed eggs.  The titers were expressed as 50% tissue

culture or egg infectious dose/ml with cytopathic
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effects in RFV, ICHV, FRV, GTV, JEV, SRV,
NCDV and FCV, with typical intranuclear inclu-
sions in MEV, and with hemorrhagic death of chick
embryos in IBV, and as plaque-forming unit/ml in
RBYV, NDV and IBDV.
Assay procedure

Chemical inactivation of viruses and detoxifica-
tion of the virus disinfectant mixtures were per-
formed with essentially the same method described
Briefly, 1 ml

of stock virus solution was combined with the same

by Scott® and Blackwell and Chen".

volume of each disinfectant, except ethanol, in an
adequate concentration. In the ethanol 1 ml of the
virus was mixed with 2.33 ml of ethanol. Mixtures
were allowed to react for 10 min in water hath at
20°C then immediately detoxified by gel filtration
method of which a double centrifuge tube consist-
ing of inner 15 ml of round bottom tube which was
placed a small hole in the bottom and filled with
Sephadex LH-20 (Pharmacia Fine Chemicals AB
Uppsala, Sweden), and of outer 50 ml of V-bottom

{ube!.
Results

As shown in Table 1, 4 enveloped viruses, ERV,
FRV, RBV and GTV were inactivated completely
by 70% ethanol, 50% isopropanol, 3% phenol and
Moreover, ERV, FRV and

GTV were inactivated by 200 ppm sodium hypo-

1% saponated cresol.

chlorite, and ERV and GTV, by 52 ppm iodophor,
Unenveloped viruses, ICHV, SRV,
and FCV, were inactivated completely by 3% phe-
SRV

inactivated by various reagents such as 70% eth-

respectively.

nol and 1% saponated cresol. also was
anol, 50% isopropanol, 200 ppm sodium hyvpochlo-
rite and 10 ppm iodophor. Complete inactivation

of DNA viruses and the moderate effect to RNA

viruses were observed by the treatment of 29
formalin.  Surface active agents, benzalkonium

chloride and didecvldimethyl ammonium chloride,

were effective against only enveloped viruses
among the 3 DNA and 8 RNA viruses tested at a

concentration of 01.05% (Table 2)
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Table 1. Virucidal activity of disinfectants against seven viruses

Final
Disinfectant concen-
tration
Ethanol 70%
I[sopropanol 50%
Formalin 0.5%
2.0%
Phenol 3.09%
Saponated cresol 1.09%
Sodium hypochlorite 10ppm
200ppm
lodophor Sppm
10ppm
5Z2ppm
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DNA viruses RNA viruses
ERV ~ FRV ICHV RBV GTV SRV  FCV
(5.8)» (5.6) (6.3) (7.1) (5.8 (5.1) (7.1)
+—4" +4+-  +  +—+ +-—+ +++ — +
Fodit it + gt Serkal  Hakd
o O + 4+ . ek . -+ .
ft e el £ 3 e oo 4 +
e e e a e e o
e e e i s e
+++ +—+ & + =4+ e ik
-+ — . + + .
. + . - . i ¢
A=t . ¥+ . =t . + +

* Logs of virus titers before inactivation.

™ Activity rating of disinfectants in Log,, virus inactivated; — :
999), +: 2.0—2.9log, (99.0—99.9%), +

‘' Not tested.

Final

DNA viruses

s

<1.0log (£10%), —: 1.0—1.9l0g,, (10—
3.9log, (99.0-99.9%), +++: =4 0log,, (=99.99%).

Table 2. Virucidal activity of surface aclive agents against several viruses

RNA viruses

Agent concen- ERV  ICHV MEV  REBV GTV NDV  [BV JEV  NCDV  FCV  IBDV
tration  (7.8)» (6.5 (4.5 (7.1) (5.9 (6.3 (.20 6.0 (7.6 (6.8 (4.6
BZC® 0.05% +++¢ + = durpot ot bl heefeit fonpas Ao G s
DAC 0.06% +—+ Hr & Sl b+ ke ol + + = f:
¢ Logs of virus titers before inactivation.
2 BZC 1 Benzalkonium choride  DAC : Didecyldimethyl ammonium chloride.
“See Table 1 for kev.
Table 3. Effect of 5% yeast on vimcidal activity of disinfectants
Final ERV ICHYV FCV GTV
Disinfectant SEREEE= None  Yeast None Yeast None Yeast None Yeast
tration (5.8 4.9 (6.5 (6.5 (7. (7. (5.3) (5.8
Ethanol 0% e B o =t m i ol
Isopropanol 309, +++ +++ . . . e T
Formalin 2.0% 4y ol befeis oot + i ol |
Phenol 3.0% R e e i O o e e T
Saponated cresol 1.0% + + F++ +=+ +++ —-+4+ -4+ ++1 e e
Benzalkonium chlo. 0.05% ++ - o3 . . . . +++ +++
Sodium hypochlorite 200ppm I+t g ’ . . . fesholr et
lodophor 22ppm +++ i =+ i + +++ +

* Logs of virus titers before inactivation.

Y see Table | for key.

? Not tested.
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The incorporation effect of 5% yeast as organic
substance on virucidal activity of the same reagents
as described above was examined on ERV and
GTV (Table 3). The results indicated that the
virucidal effect of 0.05% benzalkonium chloride on
ERV was completely suppressed, and a partial
decrease (99.94%) of the effect of 52 ppm iodophor
was ohserved on GTV.

Discussion

Dilution* and reduction® methods are well
known for the measuring of virucidal activity of
various disinfectants. In the former method, how-
ever, there are some difficulties about the low
infectious dose of test viruses and the cytotoxicity
of low dilutions of mixtures of virus and reagent
against culture cells. Some cases in the latter
method lack a suitahle agent to reduce the activity
of disinfectants used. In the so-called sandwich
method, a specific method reported by Spillmann et
al® and Traub et al”, the test virus was adsorbed
onto an electropositive membrane filter which was
then sandwiched between 2 polycarbonale mem-
branes with pores smaller than the virus diameter.
After exposure to a disinfectant, the surviving
fraction of virus was eluted from the inner filter
and determined by a suitable virus titration. In
the sandwich method or in Sephadex LH-20 gel
filtration, the virus titers following chemical treat-
ment were determined exactly in culture cells.
‘This was because a cytotoxic substance from the
mixtures of virus and reagent may be completely
removed in hoth methaods.

It is known that the enveloped viruses were maore
sensitive to chemical disinfectants as compared
with the unenveloped viruses. In the present study
also. the enveloped viruses tested were inactivated
completely by the treatment of many disinfectants
such as ethanol, isopropanol, benzalkonium chlo-
ride and didecyldimethyl ammonium chloride.
However, no effect of these reagents on any of the
unenveloped viruses except SRV was recognized.

Phenaol and saponated cresol had a wide range of

virucidal effects on viruses tested in the present
study. The same findings were recently obtained
on Sendai virus, canine distemper virus,
lymphocytic choriomeningitis virus, murine hepati-
tis virus, canine coronavirus and hemorrhagic fever
with renal syndrome virus in the same gel filtration
method™.  In general text hooks, however, phenol
and cresol reagents were reported to have no dis-
infectant effect on many viruses. Further litera-
ture dealing with the virucidal experiment of these
reagents was scanty. This discrepancy is due to
the very little available information on the viru-
cidal effect of these reagents because of the devel-
opment of severe cytotoxicity to the culture cells in
dilution and reduction methods.  Although the re-
agents were not influenced by veast used as organic
substance, they give off a bad odor and have stimu-
lative action on the mucosa or the derma of human
beings and animals. Therefore it seems that these
reagents may be limited in their virucidal use by

their side effects.

This work was partly supported by Grant-in-Aid
for Scientific Research (No.60304088) from the
Ministry of Education, Science and Culture, Japan.
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