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INTRODUCTION

Glutaraldehyde is a strong disinfectant and is
used daily in clinical settings. Since the disinfec-
tant is toxic to humans and the environment, we
are searching for a substitute. Chlorination is
another method of disinfection which has been
shown to be effective against blood-borne
pathogens, such as human immunodeficiency
virus (HIV) (Bloomfield et al., 1990; Katner et al.,
1988; Rutala et al., 1997; Shapshak et al., 1994)

and hepatitis B virus (HBV) both in vitro (Bond
et al., 1977; Nath et al., 1982; Sehulster et al.,
1981) and in vivo (Bond et al., 1983; Kobayashi
et al., 1984). Electrolyzed products in a sodium
chloride solution contain free residual chlorine
and have been shown to be effective for disinfec-
tion. In Japan, in the 1990s, electrolyzed sodium
chloride solutions containing high free-chlorine
levels were examined from the viewpoint of the
feasibility of their clinical application. At present,
two kinds of electrolyzed solution are available,
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ABSTRACT

Electrolyzed products of a sodium chloride solution contain free residual chlorine and have been

proved to be effective for disinfection. Electrolyzed strong acid water containing a low sodium chlo-

ride concentration (ESW-L) is prepared by the electrolysis of a solution containing a low sodium

chloride concentration (0.1% or less). Although ESW-L has been confirmed to be an effective disin-

fectant, disinfective efficacy against dried HIV-1 and a target of ESW-L against HIV-1 have not been

clarified. In this study, we attempted to demonstrate the efficacy of ESW-L against dried HIV-1

which relatively resists disinfection and to analyze disinfection target.  We demonstrated that ESW-

L inactivated the infectivity of dried HIV-1. In the analysis of the mechanism of disinfection,

although the HIV-1 structural protein, p24 within the virus particle, was not inactivated by ESW-L,

the enzymatic activity of reverse transcriptase (RT) and genomic RNA within the particle, however,

were inactivated after the treatment with ESW-L. These findings suggest that the enzymatic activity

of RT and genomic RNA are the target of ESW-L.
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namely, electrolyzed strong acid water (ESW) and
electrolyzed weak acid water (EWW). ESW is pre-
pared from sodium chloride solution. To obtain
ESW, a sodium chloride solution is electrolyzed
with positive and negative electrodes in wells sep-
arated by a cationic membrane. ESW is obtained
by electrolysis of salt solutions at high concentra-
tions in the well of the positive electrode (Kumon,
1997). 

ESW is effective against many microbes (Abe
et al., 1994; Iwasawa and Nakamura, 1996;
Iwasawa et al., 1993) including Bacillus subtilis

(Sakashita et al., 2002) and Mycobacterium

tuberculosis (Iwasawa and Nakamura, 1993).
Another electrolyzed solution of sodium chloride,
EWW, obtained by electrolysis of solutions con-
taining high sodium chloride concentrations in a
single well without a cationic membrane, has been
applied for disinfection. EWW has been demon-
strated to be effective against various bacteria
(Yoh et al., 1994; Wu et al., 1996) and blood-borne
viruses (Kakimoto et al., 1997). Iwasawa and
Nakamura (1996) demonstrated that EWW is suit-
able for stable disinfection. Both EWW and ESW,
however, corrode instruments and facilities in hos-
pitals owing to their high salt concentrations. To
minimize its corrosive effect, ESW was prepared
by the electrolysis of a solution containing a low
sodium chloride concentration (0.1% or less) and
was confirmed to be effective as a disinfectant
(ESW-L) (Iwasawa and Nakamura, 1996). ESW-L
is suitable for application in clinical settings. ESW-
L is well established as a bactericidal disinfectant
(Tsuji et al., 1999; Kiura et al., 2002) and its inac-
tivation potential against the infectivity of blood-
borne viruses in suspension has been demonstrat-
ed (Morita et al., 2000; Tagawa et al., 2000).

Hanson et al. (1989) demonstrated that HIV-1
had a residual infectivity of the same value after
having been dried and immersed in buffered
saline. They also demonstrated that disinfectants
effective against wet HIV-1 cannot be assumed to
be equally effective against dried HIV-1. Although
Morita et al. (2000) stated that ESW-L has an
inactivation potential against the infectivity of
HIV-1 particles in suspension, they did not demon-
strate the efficacy of ESW-L against dried HIV-1.
They also did not demonstrate the disinfection
mechanism of ESW-L against HIV-1. In this study,
we attempted to demonstrate the efficacy of ESW-
L against HIV-1 and in detail its targets.

Materials and Methods

2.1. Electrolyzed strong acid water contain-

ing sodium chloride at a low concentration

(ESW-L)

ESW-L was prepared in an electrolysis appara-
tus (CLEANTOP WM-1, Kaigen Co., Ltd., Osaka,
Japan). The apparatus consisted of two wells sep-
arated by a cationic membrane (Nafion 450,
Dupont, New York, USA), with the positive and
negative electrode in the other well electrode
installed in one well. Ten liters of 0.05% NaCl in
tap water was electrolyzed for 45 min at room
temperature using a 3 A current. ESW-L, whose
ORP, pH, free-chlorine concentration and temper-
ature were 1,053 mV, 2.34, 4.20 ppm and 27.5
respectively, was obtained from the well with the
positive electrode. Alkaline water, whose ORP, pH
and available-chlorine concentration were -680
mV, 11.45 and 0 ppm, respectively, was obtained
from the well with the negative electrode. ORP, pH
and available-chlorine concentration were mea-
sured with an ORP meter (D-14, Horiba, Kyoto,
Japan), a pH meter (D-14, Horiba) and a free-
chlorine meter (Hach, Colorado, USA), respective-
ly.

2.2. Infectivity assay of dried-HIV-1-infected

cells

The micro-carrier test (Shimakoshi, 1995) was
performed to determine the effect of ESW-L on
infectivity of dried-HIV-1-infected cells. In brief, 5

l of the HIV-1-infected Molt-4 cell suspension at
2x107 cells/ml was dried on a well of a microplate
at room temperature for 2 h in a biosafety cabinet.
The well was treated with 100 l of ESW-L at
room temperature for the designated time. To
neutralize ESW-L 100 l of 3% bovine serum albu-
min solution and 100 l of alkaline water were
added to the well and washed 3 times with 200 l
of 150 mM phosphate-buffered saline (pH 7.2).
Uninfected Molt-4 cells were inoculated into the
well at a density of 1x104 cells/well, and cultured
for 2 weeks in 200 l of the RPMI-1640 medium
supplemented with 10% fetal bovine serum (FBS).
The culture supernatant was harvested for the
measurement of HIV-1 reverse transcriptase activ-
ity using a non-radioisotopic RT assay kit (Asahi
Chemical Industry, Shizuoka, Japan) (Nakano et
al., 1994; Sano et al., 1995). 

2.3. Detection of reverse transcriptase activ-

ity

Twenty-five microliters of 1,000 U/ml HIV-1
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rRT (Saitoh et al., 1990) solution in 0.05 M Tris-
HCl buffer (pH 7.8) and the same volume of HIV-1
suspension containing approximately 102.6
TCID50/50 l of the virus in RPMI-1640 supple-
mented with 10% FBS were mixed separately with
175 l of ESW-L. The mixture were then allowed
to stand at room temperature for the designated
time. The residual free chlorine in and pH of the
mixtures were neutralized by adding 180 l of 3%
BSA and 125 l of alkaline water. RT activities in
the final RT solution and virus suspension were
measured with a nonradioisotopic RT assay kit.

2.4. Detection of HIV-1 p24 antigenicity

To evaluate the efficacy of ESW-L on antigenic-
ity of structural protein of HIV-1, we used HIV-1
p24 assay kit (Retro-tek HIV-1 p24 antigen ELISA,
ZeptoMerix Co., NY, USA) as a quantitative assay.
Twenty-five microliters of the HIV-1 p24 protein
solution from the HIV-1 p24 assay kit was mixed
with 175 l of ESW-L, and 25 l of HIV-1 suspen-
sion containing approximately 102.6 TCID50/50 l
of the virus in RPMI-1640 supplemented with 10%
FBS was mixed with 175 l of ESW-L. These mix-
tures were allowed to stand at room temperature
for the designated time, and were analyzed for p24
antigen using the kit.

2.5. Detection of HIV-1 gene

Twenty-five microliters of the HIV-1 suspension
containing approximately 1 104 TCID50/50 l of
the virus in RPMI-1640 supplemented with 10%
FBS was mixed with 175 l of ESW-L. The viral
RNA was amplified by RT-PCR using the
GeneAmp EZ rTh RNA kit (BioRad, USA) with the
following primer pairs: M667/AA55 for the LTR
region, SK-38/SK-424 for the gag region, mpol-
1/mpol-2 for the pol region and DM-151/DM-152
for pAW 109 RNA as a standard RNA of the kit.
RT-PCR products were electrophoresed, stained
with 0.5 g/ml etidium bromide solution and
observed under an ultraviolet transilluminator.
The size marker DNA (AmpliSize Molecular Ruler,
BioRad, USA) suspension was mixed with the
same volume of ESW-L, and electrophoresed on a
polyacrylamide gel. Resulting bands were com-
pared with those of the DNA mixed with unelec-
trolyzed sodium chloride.

Results

3.1. Effect of ESW-L on infectivity of dried-

HIV-1-infected cells

To examine whether ESW-L inactivates the
infectivity of dried  HIV-1-infected cells, virus in
the culture supernatant obtained following co-cul-
tivation of uninfected cells and ESW-L-treated
HIV-1-infected cells was measured as a repro-
duced RT activity. HIV-1 in the culture super-
natant decreased in a time-dependent manner
from the time of contact with ESW-L (Fig. 1). The
activity reached undetectable levels within 5 min
of contact time. In contrast, HIV-1 in the culture
supernatant obtained following co-cultivation of
HIV-1-infected cells and unelectrolyzed sodium-
chloride-treated HIV-1-infected cells did not
exhibit any decrease in the reproduction of the
virus. These data indicate that ESW-L is able to
inactivate the infectivity of dried-HIV-1-infected
cells.
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Fig. 1 Inactivation of infectivity of dried-HIV-1-
infected cells
Dried-HIV-1-infected cells on a microplate
well were treated with ESW-L for the desig-
nated time and cultured with uninfected
cells for 14 days, and the reproduced RT
activity of the culture supernatant was
measured (closed circles). The dried-HIV-1-
infected cells were treated with unelec-
trolyzed 0.05% sodium chloride solution,
cultured with uninfected cells, and exam-
ined for their reproduction of RT activity in
the same manner (open circles). 



3.2.Effect of ESW-L on the antigenicity of

HIV-1 structural protein

To clarify which viral component was inactivat-
ed by the electrolyzed products, the direct effect
of ESW-L on the antigenicity of HIV-1 p24 was
examined. The antigenicity of the HIV-1 p24 pro-
tein decreased in a time-dependent manner and
was completely inactivated (Fig. 2a). To assure
whether the structual protein in the virus particle
is inactivated by ESW-L, an HIV-1 suspension was
mixed with ESW-L, and the antigenicity of the p24
structural protein was measured by the HIV-1 p24
antigen capture enzyme immunoassay. The p24
antigenicity in HIV-1 virus particles decreased but
was not completely inactivated (Fig. 2b). The
treatment with the unelectrolyzed sodium chlo-
ride solution did not cause significant reduction in
the p24 antigenicities (Figs.2 a,b). 

3.3. Effiect of ESW-L on RT activity

To examine whether ESW-L inactivates a viral
enzyme, reverse transcriptase (RT) activity in a
mixture of HIV-1 rRT and ESW-L was measured.
RT activity decreased below the background level
within 3 min (Fig. 3a). The kinetics of the
decrease was almost same as that observed in the
experiments using recombinant HIV-1 p24 solu-

tion. Since RT activity in the mixture may not be
inactivated, we further examined the direct effect
of ESW-L on RT molecules in the virus particles.
RT activity in the mixture of the virus and ESW-L
decreased in a time-dependent manner (Fig. 3b).

3.4.Effect of ESW-L on nucleic acids and

HIV-1 gene

To clarify whether ESW-L destroys nucleic
acids, the DNA marker solution was mixed with
ESW-L and loaded on a gel. Compared with the
DNA size marker without any treatment (Fig. 4,
lane a), the intensity of the signal of the DNA lad-
der slightly decreased following mixing with
unelectrolyzed sodium chloride solution (Fig. 4,
lane b) and completely disappeared following
treatment with ESW-L (Fig. 4, lane c). The ampli-
con pAW109 without any treatment revealed
strong band by RT-PCR (Fig. 4, lane d) An RNA
solution of pAW 109 was mixed with the unelec-
trolyzed sodium chloride solution (Fig. 4, lane e)
or ESW-L (Fig. 4, lane f), and amplified by RT-
PCR. These data indicate that ESW-L destroys
both DNA and RNA.

In order to confirm whether ESW-L destroys
genomic RNA in viral particles, a mixture of viral
suspension and ESW-L was examined by RT-PCR
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Fig. 2 Inactivation of antigenicity of HIV-1 structural protein p24
a: A solution of recombinant HIV-1 p24 protein was mixed with ESW-L, incubated, and measured
for antigenicity (closed circles). A mixture of the solution and unelectrolyzed sodium chloride
solution was incubated and measured for antigenicity (open circles). b: A mixture of viral sus-
pension and ESW-L were incubated at room temperature and measured for the antigenicity of
the recombinant HIV-1 p24 protein (closed circles). Unelectrolyzed sodium chloride solution
was mixed with viral suspension, incubated for the designated time, and measured for antigenic-
ity (open circles). Dotted line represents the cutoff line for the detection of the antigenicity of
the HIV-1 structural protein p24.
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Fig. 3 Inactivation of enzymatic activity of HIV-1 RT
a: Recombinant HIV-1 RT solution was treated with ESW-L (closed circles) or unelectrolyzed
sodium chloride solution (open circles), and measured for RT activity. b: Viral solution was
treated with ESW-L at room temperature, and measured for RT activity (closed circles). The
viral solution was mixed with unelectrolyzed sodium chloride solution, incubated at room tem-
perature, and measured for RT activity (open circles). Dotted line represents the cutoff line for
the detection of HIV-1 RT activity in the culture supernatant.

Fig. 4 Destruction of nucleic acid by ESW-L
The DNA marker solution was mixed with
unelectrolyzed sodium chloride solution
(lane b) or ESW-L (lane c) and compared
with untreated DNA marker solution (lane
a) on the gel. An RNA solution of pAW 109
was mixed with unelectrolyzed sodium
chloride solution (lane e) or ESW-L (lane
f), and amplified by RT-PCR. The RNA
was simply amplified pAW 109 without
any treatment (lane d). Lane M indicated
marker for bp.

Fig. 5 Destruction of genomic RNA in viral parti-
cles by ESW-L
The HIV-1 suspension was mixed with
ESW-L, and amplified for LTR (lane b), pol
(lane d) and gag (lane f) genes. The mix-
ture with unelectrolyzed sodium chloride
solution was examined in the same man-
ner for LTR (lane a), pol (lane c) and gag
(lane e) genes. The positive-control
pAW109 RNA  was well amplified in the
assay (lane g). Lane M indicated marker
for bp.



analysis for genes of LTR, pol, and gag regions.
The genes of LTR, pol, and gag were amplified
from the viral suspension mixed with the unelec-
trolyzed sodium chloride solution (Fig. 5, lanes a,
c and e), but not from that mixed with ESW-L
(Fig. 5, lanes b, d and f) were amplified by RT-
PCR. The positive-control pAW109 RNA was well
amplified in the assay (Fig. 5, lane g). Lane M indi-
cated marker for bp.

Discussion

Hanson et al. (1989) demonstrated that dried
HIV is relatively resistant against disinfectants
compared with wet HIV. In this study, we success-
fully demonstrated that ESW-L inactivated the
infectivity of dried HIV-1. In the analysis of the
mechanism of disinfection, the enzymatic activity
of RT and genomic RNA in the virus, however, was
degenerated after the treatment with ESW-L;
ESW-L directly destroyed the RT molecules and
the RNA within the virus particles. These findings
suggest that the viral RT molecules and the viral
RNA in HIV-1 are targets of ESW-L. Kiura et al.
(2002) demonstrated that the destruction of
nucleic acids by ESW-L is not always necessary to
kill bacteria. In the case of HIV-1, since the virion
is much smaller than bacteria, ESW-L probably
penetrated its envelope, reached the viral RNA
easily and destroyed the nucleic acid. The viral
protein p24, however, is less subject to disinfec-
tants. The findings indicated that the inactivation
of viral protein within the particles is not always
necessary to inactivate the infectivity of HIV-1.
The findings also suggest that degeneration of
structural protein is not suitable to evaluate the
efficacy of disinfectants.

For the disinfection of endoscopes in a clinical
setting, aldehydes have been used (Hanson 1990;
Jeng et al., 1987; Reynolds et al., 1992; Rutala et
al., 1991; Working Party of the British Society of
Gastroenterology Endoscopy Committee, 1998).
Although glutaraldehyde has been throughly eval-
uated as a suitable chemical for the disinfection of
blood-borne pathogenic viruses (Meester et al.,
1995; Russell, 1994) such as HBV (Bond et al.,
1983; Kobayashi et al., 1984) and HIV (Hanson
1990), insufficient rinsing of the chemical may
cause bloody diarrhea and abdominal cramps
(Durante et al., 1992). The chemical exhibited
cytotoxic and genotoxic potentials in cultured
human cells (St-Clair et al., 1991; Sun et al.,
1990). These reports indicated that a new disin-
fectant with low toxicity to humans is required.

There are several disinfectants that are not as
toxic as glutaraldehyde. These include peracetic
acid, hydrogen peroxidase, and orthophthalalde-
hyde. Such disinfectants, though effective, still be
corrodent to medical apparatus or irritant to
human (Alvarado et al., 2000). ESW-L does not
irritate skin and eyes and damage endscopes
(Tsuji et al., 1999). Since ESW-L is a novel elec-
trolyzed sodium chloride solution, only four arti-
cles have been published as regards its application
to bacteria and fungi (Tsuji et al., 1999; Kiura et
al., 2002), and to blood-borne viruses (Morita et
al., 2000; Tagawa et al., 2000). The disinfection
spectrum almost covers relatively insensitive
microorganisms, such as Mycobacteria, Bacillus

spores and "hepadnaviruses". Although it was of a
big problem that infectivity remains in dried HIV-
infected cells which attached to medical instru-
ments, we clarify ESW-L can inactivate the infec-
tivity of dried HIV. ESW-L may be a promising sub-
stance for disinfection.
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