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threat to stable aquacultural production.  Features of this
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Abstract
Southeast Asia is a significant area for world shrimp culture.  However, in recent years, the production
of cultured shrimp has markedly decreased as a result of serious viral disease such as white spot syn-
drome (WSS) outbreaks.  In the case of Malaysia, outbreaks of this disease have been a serious prob-
lem since 1996.  As one of the preventive countermeasures against WSSV, virus inactivation has been
carried out against kuruma prawn in Japan.  In the recent studies, it became clear that there are differ-
ences among local strains of WSSV.  Furthermore, kuruma prawn shows resistance against WSSV.  For
these reasons, methods to inactivate Malaysian isolates of WSSV were studied with black tiger prawn
(Penaeus monodon).  Viral inactivation was tested using the disinfectants formalin and ethanol, the
halogenous disinfectants sodium hypochlorite and IsodineR, and also using U.V. irradiation.  These
chemicals were mixed with the virus and injected into healthy prawns.  As a result of these experi-
ments, no mortality was observed at the concentrations of more than 0.25 ppm formalin, 0.5% effec-
tive chloride in sodium hypochlorite, and 2.5 ppm effective povidone-iodine in IsodineR.  From these
results, sodium hypochlorite of halogenous disinfectants showed effective inactivation even at a low
concentration (0.5 ppm).  On the other hand, this virus was inactivated completely by U.V. irradiation
at a dose of 3 × 104 μW·sec/cm2.  These results were similar to the virus inactivation of a Japanese
strain with kuruma prawn (Marsupenaeus japonicus).
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Introduction

Southeast Asia is an area of great significance for
world shrimp culture.  Most of the shrimp cultured have
been black tiger prawn (Penaeus monodon).  However, in
recent years, the production of cultured shrimp has mark-
edly decreased as a result of several serious viral dis-
eases.  Especially, widespread severity of white spot
syndrome virus (WSSV) infection is the most serious

white spot syndrome (WSS) are that the diseased prawns
often show obvious white spots on their carapace and that
a high mortality occurs from 80% to 100% in only a few
days after infection1.  In the case of Malaysia, WSS was
reported in 1994 and at almost the same period in Thai-
land13,16.  WSS spread rapidly in peninsular Malaysia, and
since 1996 this disease has caused enormous economic
losses against the prawn culture industry in Malaysia.  

In our etiological study, it was clear that the occur-
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rences of WSS were recognized after the rainy season
when seawater is mixed with affected sediments.  From
these results, it could be supposed that supplied seawater
inflowing into the ponds contained the virus particles as
one of the infection routes.  This was important for
establishing preventive measures against a WSS epi-
demic.  If the supplied seawater was disinfected, the dis-
ease occurrence could be controlled.  On the other hand,
once WSS breaks out, there is a high risk that this disease
will recur in the same pond.  WSSV also spreads rapidly
and widely to previously non-affected neighboring areas,
as it is a highly contagious pathogen.  For this reason, it is
important that not only the supplied seawater but also
affected culture ponds and gears should be sterilized by
disinfectants immediately, and then should be dried thor-
oughly and exposed to sunshine, if the viral disease has
occurred.  These are the principal preventive measures to
protect against intrusion by the pathogens.  Therefore, it
was important to develop the methods of inactivation for
viral pathogens using general disinfectants and ultraviolet
(U.V.) irradiation. 

Nakano et al. reported the methods of virus inactiva-
tion of PRDV9, which is considered to be WSSV.  The
virus that was used in this report was isolated from
kuruma prawn (Marsupenaeus japonicus) in Japan.  Live
kuruma prawn instead of culture cells was employed for
measurement of virus inactivation, because the shrimp
cell line has not been established yet.  In the recent stud-
ies, it became clear that there are differences among local
strains of WSSV that are widely distributed in areas all
over the world5,15.  Kuruma prawn also shows resistance
against WSSV11,12.  Sensitivity between different prawn
species against six geographic isolates of WSSV was
described by Wang et al.14.  The aim of this study was the
application of these virus inactivation methods for the
black tiger culture farmers in Malaysia and other South-
east Asian countries.  Hence, the methods following
those of Nakano et al.9 were examined using the virus
strain isolated in Malaysia and black tiger prawn, instead
of a Japanese strain and kuruma prawn. 

Materials and methods

1. Measurement of viral infectivity (LD50) 
The infectivity (lethal dose 50%: LD50) of WSSV

was used as the criterion for the virus inactivation tests.
The gills of diseased prawn were homogenized in 9 times
its volume of PBS, and this homogenate was filtrated
using an HA filter (pore size 0.45 μm).  This filtrate was
the original viral fluid that was used for the inactivation
tests afterwards.  To measure the infectivity of this virus
fluid, 10-fold serial dilutions of the fluid were made from

104 to 107.  These diluted fluids were injected into each of
10 healthy prawns (average body weight 20.0 g) at the
dose of 0.1 mL/prawn.  Mortality and clinical signs were
observed daily for two weeks.

2. Viral inactivation by disinfectants
Viral inactivation was tested using chemicals, such

as formalin, ethanol and halogenous disinfectants includ-
ing sodium hypochlorite and IsodineR (povidone-iodine
was the effective ingredient).  These chemicals were
mixed with the virus and then made to react together at
25ºC.  After the reaction, the resultant products were
injected intramuscularly into 10 healthy prawns at the
dose of 0.1 mL/prawn.  Mortality was monitored for 2
weeks after the injection.  Furthermore, all dead prawns,
excluding decomposed ones, and all surviving prawns
were applied to PCR test for detection of the virus.  PBS
instead of the treated virus solution was injected into the
prawns using the same conditions to serve as the negative
control.

(1) Formalin: Formalin is used for extermination of
fish parasites.  It was prepared at five concentrations of 0,
0.1, 0.25, 0.5, and 1% (V/V).  Four mL of each formalin
solution were mixed with 0.1 mL of the virus fluid, and
then allowed to react together for 10 min.  These reac-
tions were stopped by 100 times dilution, and then these
reactants were provided for artificial infections. 

(2) Sodium hypochlorite: Sodium hypochlorite is a
halogenous disinfectant.  It was added into 50 mL of the
viral fluid diluted 104.6 times, and then allowed to react
together for 10 min.  The final concentrations of effective
chloride were 0, 0.5, 1.0, 2.5, and 5.0 ppm.  These reac-
tions were stopped using sodium thiosulfate. 

(3) IsodineR: IsodineR is a halogenous disinfectant.
It was added into 50 mL of the virus fluid diluted 104.6

times, and allowed to react together for 10 min.  The final
concentrations of effective povidone-iodine were 0, 1.5,
2.5, 5.0, and 10.0 ppm.  These reactions were stopped
using sodium thiosulfate. 

(4) Ethanol: Ethanol is a general disinfectant.  It was
prepared at five concentrations of 0, 10, 20, 30, and 40%
(V/V).  Four mL of each ethanol dilution were mixed
with 0.1 mL of the virus fluid, and then reacted together
for 1 min.  The reactions were stopped using 100 times
dilution, then these reactants were provided for artificial
infections. 

3. Virus inactivation by U.V. irradiation
U.V. light was set in a clean bench and the U.V. dos-

age was regulated at 100 μW·sec/cm2.  The original virus
fluid was diluted at 1/4,000 (10–3.6) by sterile PBS, and
1.5 mL of this diluted viral fluid was spread evenly onto a
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glass petri dish of 5 cm in diameter.  The petri dish was
put on ice and agitated slowly on a shaker set on the clean
bench.  U.V. light was irradiated against the thin layer of
viral fluid for 0, 10, 20, 50, 100, and 300 sec.  After irra-
diation, these inactivated viruses were injected into 10
healthy prawns for each group.  PBS was used instead of
virus solution for the negative control.

Results and discussion

The results of viral infectivity (LD50) as measured
by the mortality of injected prawns showed 100% in all
test groups until 106 of the serial dilutions, but showed
0% for the 107 dilution group.  To clarify the infectivity
value, prawn injections were carried out again for three
viral dilution groups, 106.25, 106.5, and 106.75, between the
106 and 107 dilutions.  The mortality showed 100, 100,
and 66% for the 106.25, 106.5 and 106.75 dilution groups,
respectively.  From these results, the value for the lethal
dose of 50% of the population was estimated to be
between the viral dilution groups of 106.75 and 107.0.
Therefore, the LD50 value of the original viral fluid was
estimated to be “10–9.05 mL/g < LD50 < 10–9.30 mL/g”.

The results of viral inactivation using several disin-
fectants are shown in Fig. 1.  Formalin, sodium
hypochlorite, and IsodineR, resulted in mortalities of 100,
100, 0, 0, and 0% at the formalin concentrations of 0, 0.1,
0.25, 0.5, and 1% (V/V), mortalities of 100, 0, 0, 0, and

0% at the chloride concentrations of 0, 0.5, 1.0, 2.5, and
5.0 ppm, and mortalities of 100, 90, 0, 0, and 0% at the
povidone-iodine concentrations of 0, 1.5, 2.5, 5.0, and
10.0 ppm, respectively.  It becomes clear that this virus
was inactivated by concentrations of more than 0.25%
formalin, 0.5 ppm of effective chloride in sodium
hypochlorite, and 2.5 ppm effective povidone-iodine in
IsodineR.  Furthermore, the mortalities were 100, 100,
100, 0, and 0% for the 0, 10, 20, 30, and 40% (V/V) etha-
nol concentrations, respectively.  It was shown that this
virus was inactivated by concentrations of more than
30% ethanol.  All dead prawns were virus-positive, but
all surviving samples were virus-negative by PCR test.  It
is therefore suggested that the virus was not able to multi-
ply in the surviving prawns.  The results of virus inactiva-
tion by U.V. irradiation showed that all prawns could
survive in the experimental groups of the U.V. doses of
more than 3 × 104 μW·sec/cm2 (300 sec irradiation; Fig.
2).  Almost all dead prawns were virus-positive and sur-
viving samples were virus-negative by PCR viral detec-
tion test.  This indicates that the virus was inactivated
completely by a dose of 3 × 104 μW·sec/cm2.  No mortal-
ity and no virus isolation were recognized in all negative
control groups.

Inouye et al. reported on the effects of the inactiva-
tion against several fish viruses using general
disinfectants2,3.  In these reports, ethanol and halogenous
disinfectants, sodium hypochlorite and IsodineR, could
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Fig. 1. Virus inactivation effects at several concentrations of the disinfectants formalin, 
sodium hypochlorite, IsodineR, and ethanol
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not inactivate free viral particles of IPNV, the salmonid
fish pathogen virus belonging to the family Birnaviridae2.
However, IHNV that belongs to the family Rhabdoviri-
dae and was also one of the pathogenic viruses affecting
salmonid fishes, was inactivated by treatment with 40%
ethanol for 15 sec and 200 ppm sodium hypochlorite for
2.5 min3.  In these cases, the viral inactivation effects
were quite different between fish pathogen viruses.  On
the other hand, Momoyama et al. reported that several
disinfectants and U.V. irradiation were able to be used for
viral inactivation against baculoviral mid-gut gland
necrosis (BMN) virus belonging to the family Baculovir-
idae which is a crustacean viral disease6.  Inactivation
effects of the disinfectants were shown by concentrations
of 40% ethanol for 10 min, 5 ppm sodium hypochlorite
for 10 min and 5 ppm IsodineR (as active principle-con-
centrations of chlorine and iodine).  In this report, it was
found that sodium hypochlorite and IsodineR, which are
halogenous disinfectants, were useful in the protection or
prevention of WSS viral disease.  Additionally, inactiva-
tion by U.V. irradiation was also described by
Momoyama et al.7.  BMNV lost its activity by irradiation
at doses of more than 4.1 × 105 μW·sec/cm2.

On the other hand, it was considered that WSSV, the
pathogen of black tiger prawn in Malaysia, is almost the
same as PRDV that causes PAV in Japanese kuruma
prawn4,8,10.  Nakano et al. reported the viral inactivating
effects of several disinfectants against PRDV using
kuruma prawns9.  However recently, differences in geo-
graphic isolates of WSSV began to be known and these
are widely distributed in areas all over the world5,15.  It
seemed that local strains of WSSV in Japan and South-
east Asia would have different resistance against inacti-
vation.  This is because the climate, as well as water

temperature, U.V. irradiation, and so on, is quite different
in these areas.  By contrast, resistance against WSSV was
shown in kuruma prawn11,12.  Sensitivity between differ-
ent prawn species against six geographic isolates of
WSSV was examined by Wang et al.14.  They described
in this report that slight differences in virulence exist
among geographic isolates of WSSV, and that suscepti-
bility may vary with species of the host.  For these rea-
sons, the inactivation methods described by Nakano et al.
need to be compared using the virus strain isolated in
Malaysia and black tiger prawn, instead of a Japanese
strain and kuruma prawn.  The inactivation values of
Nakano et al.9 by disinfectants and U.V. irradiation were
1 ppm sodium hypochlorite for 10 min, 2.5 ppm povi-
done-iodine for 10 min, 30% ethyl alcohol for 1 min, 5
ppm formalin for 10 min, and U.V. irradiation of 1 × 104

μW·sec/cm2, respectively9.  From the comparison of
these data, it was clear that the inactivation effect against
WSSV in Malaysia using black tiger prawn was almost
the same as the case for the Japanese isolate. 

Nakano et al. described in their report that haloge-
nous disinfectants were quite effective for PRDV
inactivation9.  Especially sodium hypochlorite of haloge-
nous disinfectants induced an effective inactivation even
at low concentrations.  Also in this study, halogenous dis-
infectants were effective for virus inactivation.  It was
suggested that these disinfectants should be used for ster-
ilization of culture tools and gear, or pond water with a
low concentration of disinfectant as is the case in Japan.
However, it is well known that the efficiency of chlorine
decreases in the presence of organic substances.  There-
fore, care should be taken in the application of this chem-
ical to gears or water in aquaculture farms.  WSSV could
be inactivated by a lower U.V. irradiation dose than
BMNV.  The inactivation value of the U.V. dosage shows
that it was possible that the inlet water and affected ponds
without water can be sterilized by a general U.V. irradia-
tion system and by sunshine.  These procedures are
already performed in Japanese farms.  Therefore, the
same countermeasures should be applicable to the control
of this viral disease at black tiger farms in Malaysia and
other Southeast Asian countries.  This study details
WSSV disinfection methods for the prevention of patho-
gen intrusion into aquaculture farms and will contribute
to sustainable aquaculture in Southeast Asia.
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