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Abstract 
 

Survival of three salmonid viruses and two marine fish viruses in fish rearing water or coastal sea 
water were observed at 0, 5, 10 and 15 ℃ for 7 or 14 days. Interaction between viruses and 
microorganisms present in the rearing water was observed. Infectious pancreatic necrosis virus (IPNV) and 
fish nodavirus (BF-NNV) were stable in waters used at every temperature tested for 14 days, but it was 
observed that, for infectious hematopoietic necrosis virus (IHNV), Oncorhynchus masou virus (OMV), 
and hirame rhabdovirus (HIRRV), as the temperature increased, the loss of infectivity also increased. 
When IHNV and OMV were suspended in filtrated and autoclaved rearing water, infectivity was reduced 
in comparison with the untreated water. Subsequently, adsorption of IHNV to mud or small particles was 
studied. IHNV adsorbed to several clays (kaolin, bentonite, Japanese acid clay) and diatomaceous earth in 
sterilized water with a wide range of pH (5-11) at concentrations of 1, 10, and 100 mg/mL. Except for 
bentonite, infectivity of clay-adsorbed IHNV persisted for at least 9 weeks. The clay-adsorbed IHNV also 
persisted in infectivity to rainbow trout Oncorhynchus mykiss, causing cumulative mortality rates of more 
than 73 %. Then, inactivation effects of UV irradiation, ozonization, and electrolyzation of water were 
studied against six fish rhabdoviruses, three fish herpesviruses, one fish birnaviruses, one fish iridovirus, 
and one fish nodavirus. Six rhabdoviruses, three herpesviruses, and lymphocystis disease virus were found 
to be sensitive to UV irradiation, ozonization, and electrolyzation. Susceptibility of IPNV, chum salmon 
virus (CSV), and BFNNV to UV was found to be low. IPNV and CSV were low sensitive to ozonization 
and electrolyzation. Virucidal effects of six kinds of disinfectants were examined against OMV, IPNV, 
IHNV, and HIRRV at 15 and 20℃ for 30 sec and 20 min. At 15℃ for 20 min, minimum concentrations 
showing 100 % plaque reduction of viruses tested by iodophore, sodium hypochlorite solution, 
benzalconium chloride solution, saponated cresole solution, formaldehyde solution, and potassium 
permanganate solution were 40, 50, 100, 100, 3500, and 16 ppm, respectively. 
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Introduction 
 

The knowledge of survival of fish viruses 
in the fish rearing water and interaction of 
viruses and other microorganisms in aquatic 
environments are critical for establishing the 
control methods of fish viral diseases. Several 
previous reports have described the 
inactivation of viruses in natural water and 
sludge which at certain times seem to be 
related to microorganisms inherent in these 
environments (Kamei et al., 1987 a,b, Kamei 

et al.,  1988 a,b, Kimura et al.,  1988). 
Disinfection of the water for aquaculture is 
also critical for preventing the introduction 
and spread of infectious disease. A pathogen 
free water source is essential for success in 
aquaculture. Surface waters commonly used 
in aquaculture come from coastal waters or 
rivers and may contain some fish pathogens 
and such open water supplies should not be 
used without treatment. Disinfection of 
wastewater before discharging is necessary to 
avoid the pathogen contamination in the 
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environment (Kasai et al., 2002, Yoshimizu 
and Kasai 2002). In this paper, we introduce 
the survival of fish viruses in the fish rearing 
water and virucidal effect of ultraviolet (UV) 
irradiation, ozonization, and electrolyzation 
of water. Additionally, virucidal effects of 
disinfectant against fish viruses are 
introduced. 
 
Materials and Methods 
 
Survivability of fish viruses in 
environmental water 

Survival of three salmonids viruses; 
infectious hematopoietic necrosis virus 
(IHNV), infectious pancreatic necrosis virus 
(IPNV) and Oncorhynchus masou virus 
(OMV) in fish rearing water, de-chlorinated 
city water, double-distilled water, and Hanks’ 
balanced water (HBSS) (Yoshimizu et al., 
1986), two marine fish viruses; hirame 
rhabdovirus (HIRRV) and fish nodavirus 
(barfin flounder nervous necrosis virus; 
BF-NNV) in coastal sea water, filtrate sea 
water, and autoclaved sea water, were 
observed at 0, 5, 10 and 15℃ for 7 or 14 days. 
Interaction between viruses and 
microorganisms present in the rearing water 
was observed. 
 
Adsorption of IHNV to mud 

Adsorption of IHNV to sea sand, Japanese 
acid clay, diatomaceous earth, kaolin, 
bentonite, quarts sand, chitin, cellulose 
powder, ion exchange hydrophobic Toyopearl 
and Cellulofine, alundum, active carbon, 
silica gel glass, plastic, and bacterial cells was 
studied (Yoshinaka et al., 2000). Infectivity of 
clay-adsorbed IHNV was observed using a 
cell line and rainbow trout Oncorhynchus 
mykiss. 

 
Inactivate effects of UV irradiation, 
ozonization, and electrolyzation 

Inactivation effects of UV irradiation, 
ozonization, and electrolyzation of water were 
studied against six fish rhabdoviruses; IHNV, 
HIRRV, pike fry rhabdovirus (PFRV), spring 

viremia of carp virus (SVCV), eel virus from 
America (EVA), and eel virus from Europe X 
(EVEX), three fish herpesviruses; OMV, 
Herpesvirus salmonis (H. salmonis), and 
channel cat fish herpesvirus (CCHV), fish 
birnaviruses; IPNV, fish reovirus; chum 
salmon virus (CSV), fish iridovirus; Japanese 
flounder lymphocystis disease virus 
(JF-LCDV), and fish nodavirus (BF-NNV) 
(Kasai et al., 2002). 
 
Virucidal effects of disinfectants 

Virucidal effects of six kinds of 
disinfectants; iodophore, sodium hypochlorite 
solution, benzalconium chloride solution, 
saponated cresole solution, formaldehyde 
solution, and potassium permanganate 
solution were examined against OMV, IPNV, 
IHNV, and HIRRV at 15 and 20℃ for 30 sec 
and 20 min (Hatori et al., 2003). Virucidal 
effects were measured by plaque reduction 
methods (Kamei et al., 1987c). 
 
Result and Discussion 
 
Survivability of fish viruses in 
environmental water 

IPNV and BFNV were stable in all kinds 
of waters used at every temperature tested for 
14 days but it was observed that for IHNV 
and HIRRV, as the temperature increased, 
(Figs. 1 and 2). 

OMV was labile even in HBSS and 
inactivated rapidly as the temperature was 
raised. It was not survive at 5 to 7 days later 
in the fish rearing water. When IHNV and 
OMV were suspended in filtrated and 
autoclaved rearing water, infectivity was 
reduced in comparison with the untreated 
water (Fig. 3) (Yoshimizu et al., 1986). 
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Fig. 1. Survival of IPNV in fish rearing water at 0, 5, 10 and 15 ℃. 

Fig. 2. Survival of IHNV in fish rearing water at 0, 5, 10 and 15 ℃.
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Fig. 3. Survival of IHNV in fish rearing water at 0, 5, 10 and 15 ℃. 

 
 
 

 
Fig. 4. Cumulative mortality of rainbow trout with bath challenge of IHNV 

absorbed to solid.

; Autoclaved, ; Filtered (0.22 µm), ; Non-treated,
; Under the detection limit.
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Representative isolates Pseudomonas 
fluorescence strain 46NW-04 has been proven 
to have the ability to produce anti IHNV 
substance. 
 
Adsorption of IHNV to mud 

IHNV adsorbed to several clays (kaolin, 
bentonite, Japanese acid clay) and 
diatomaceous earth in sterilized water with a 
wide range of pH (5-11) at concentrations of 
1, 10, and 100 mg/mL (Table 1). Except for 

bentonite, infectivity of clay-adsorbed IHNV 
persisted for at least 9 weeks. The 
clay-adsorbed IHNV also persisted in 
infectivity to rainbow trout Oncorhynchus 
mykiss, causing cumulative mortality rates of 
more than 73 % (Fig. 4). The results suggest 
that IHNV adsorbed to naturally occurring 
substances in various aquatic environments 
may provide a source of infection for 
susceptible fish inhabiting these 
environments (Yoshinaka et al., 2000). 

 
 

 

Fig. 5. U.V. susceptibility of fish pathogens. 
*1: Vlasenko, M.I. (1969), *2: Hoffman, G.L. (1974), *3: Normandeau, D.A. (1968).

Table 1. IHNV adsorption onto suspended solids.
Samples Virus adsorbed* Virus adsorbed
bentonite >99.9 polystyrene 44.8
diatomaceous earth >99.9 polyethylene 83.2
kaolin >99.9 polyvinyl chloride 83.2
Japanese acid clay >99.9 ion exchange hydrobic 44.8
active carbon 99.8  (Cellfine)
quartz sand 0 ion exchange hydrobic 44.8
seasand 0  (Toyopearl)
glass beads 0 chitin 83.2
craft glass pink 69.4 cellulose powder 44.8
craft glass yellow 69.4 bacteria IC-4 90.0
craft glass black 90.0 bacteria IE-1 90.0
craft glass orange 83.2 bacteria IE-2 99.0
craft glass green 69.4 bacteria IG-1 98.2
alundum 44.8 bacteria 2FI6 99.4
polypropylene 44.8 bacteria 46NW04 98.2
*: (1-supernatant titer / original IHNV titer) x 100.
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Inactivate effects of UV irradiation, 
ozonization, and electrolyzation 

Six rhabdoviruses, three herpesviruses, and 
JF-LCDV were found to be sensitive to UV 
irradiation (99 % infectivity reduction dose 
ID99 = 103μW･sec/cm2), ozonization (ID99.9 
= total residual oxidants; TROs, 0.5 mg/L for 
15 sec), and electrolyzation (ID99.9 = 
Hypochlorite, 0.3 mg/L for 1 min). 

Susceptibility of IPNV, CSV, and BFNNV to 
UV were found to be low, and ID99 was 
measured 105μW･sec/cm2 (Fig. 5). IPNV and 
CSV have low sensitivity to ozonization and 
electrolyzation, and ID99.9 was measured 0.5 
mg/L TROs for 30 sec and 0.5 mg/L (Tables 2 
and 3), hypochlorite for 1 min, respectively 
(Kasai et al., 2002).

 
 

 
 
 
 
 

 
 
 

Table 2. Effects of total residual oxidants (TROs) concentrations
     produced by ozonization of seawater on fish pathogens.

TRO concentration Treatment time Reduction Initial number
(mg/L) (sec) (%) (Log. TCID50/mL)

IPNV 0.5 60 >99 4
CSV 0.5 60 >99 4
YTAV 0.5 60 >99 4.3
IHNV 0.5 15 >99 4
HIRRV 0.5 15 >99 5.5
OMV 0.5 15 >99 3
V. anguillarum 0.5 15 >99.9 5.6
E. serioricida 0.5 15 >99.9 5.8
A. salmonicida 0.5 15 >99.9 5.1
A. hydrophila 0.5 15 >99.9 4.6
E. coli 0.5 15 >99.9 6.5
Scuticociliatida 0.8 30 >99.9 5.3

Pathogens

Table 3. Chlorine concentration required to reduce 99.9% of
     viable bacteria or virus infectivity in 1 minute treatment.

Chlorine concentration
(mg/L)

V. anguillarum NCMB 6 0.07
A. salmonicida ATCC 14174 0.06
E. coli O-26 0.14
YTAV Y-1 0.45
HIRRV 8401H 0.34

Pathogens
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Virucidal effects of disinfectants 

At 15℃ for 20 min, minimum 
concentrations showing 100 % plaque 
reduction of viruses tested by iodophore, 
sodium hypochlorite solution, benzalconium 
chloride solution, saponated cresole solution, 
formaldehyde solution, and potassium 
permanganate solution were 40, 50, 100, 100, 
3500, and 16 ppm, respectively (Table 4) 
(Hatori et al., 2003). Koi herpesvirus, the 
causative agent of mass mortalities of koi and 
common carp, is a newly isolated virus in 
Israel, United States, Europe and Asian 
countries including Japan. Wild resource of 
carp is also damaged by KHV, thus it’s 
important to monitor the survivability of 
KHV in the lake and river to control the KHV 
disease. Although survivability of KHV in the 
ambient water has not been studied, KHV is 
considered to be difficult to keep its 
infectivity in natural environment because 
this virus belongs to the Herpesviridae same 
as OMV. With the results of our recent study, 
KHV was inactivated in the waters and/or 
mud collected from Lake Kasumigaura during 
3 days. While KHV is unstable in the 
environmental conditions, it shows strong 
pathogenicity to koi and common carp. 
Therefore it’s necessary to establish an 
effective control method. 

References 
 
Hatori S., Motonishi A., Nishizawa T. and 

Yoshimizu M., 2003: Virucidal effects of 
disinfectants against Oncorhynchus masou 
virus (OMV). Fish Pathology, 38, 185-187. 

Hoffman G.L., 1974: Disinfection of 
contaminated water by ultraviolet 
irradiation, with emphasis on whirling 
disease (Myxosoma cerebralis) and its 
effect on fish. Trans. Amer. Fish. Soc., 3, 
541-550. 

Kamei Y., Yoshimizu M., Ezura Y. and 
Kimura T., 1987a: Effect of estuarine and 
marine waters on the infectivity of 
infectious hematopoietic necrosis virus 
(IHNV) and infectious pancreatic necrosis 
virus (IPNV). Bull. Fac. Fish. Hokkaido 
Univ., 38, 271-285. 

Kamei Y., Yoshimizu M., Ezura Y. and 
Kimura T., 1987b: Screening of bacteria 
with antiviral activity against infectious 
hematopoietic necrosis virus (IHNV) from 
estuarine and marine environments. Nippon 
Suisan Gakkaishi, 53, 2179-2185. 

Kamei Y., Yoshimizu M. and Kimura T., 
1987c: Plaque assay of Oncorhynchus 
masou virus (OMV). Fish Pathology, 22, 
147-152.  

Table 4. Minimum concentration of disinfectants to show the 100% plaque reduction of OMV, IHNV, HIRRV and IPNV.
Time

0℃ 15℃ 0℃ 15℃ 0℃ 15℃ 0℃ 15℃
30 S 40 40 100 100 100 100 200 100

20 min 40 40 100 100 100 100 100 100
30 S 50 50 50 50 50 50 100 100

20 min 1 1 50 10 50 10 100 100
30 S 100 100 200 200 200 1000 ND* ND

20 min 100 100 200 100 100 100 ND ND
30 S 100 100 500 100 1000 500 5000 5000

20 min 100 100 100 50 500 500 ND ND
30 S 700 700 3500 3500 3500 3500 3500 3500

20 min 700 350 3500 3500 3500 700 3500 700
Potassium permanganate 30 S 16 16 158 158 158 158 32 32
 solution 20 min 16 16 32 16 16 16 16 16

HIRRVDisinfectant Concentration (ppm)
OMV

Benzalkonium chloride

Saponated cresol

Formaldehyde

Concentration (ppm)
IPNV

Iodophor

Sodium hypochloride

Concentration (ppm)
IHNV

Concentration (ppm)

53



Mamoru YOSHIMIZU et al. 

 

Kamei Y., Yoshimizu M., Ezura Y. and 
Kimura T., 1988a: Effect of environmental 
waters on the infectivity of infectious 
hematopoietic necrosis virus (IHNV) and 
infectious pancreatic necrosis virus (IPNV). 
J. Appl. Ichthyology, 4, 37- 47. 

Kamei Y., Yoshimizu M., Ezura Y. and 
Kimura T., 1988b: Screening of bacteria 
with antiviral activity from fresh-water 
salmonid hatcheries. Microbiol. Immunol., 
32, 67-73. 

Kasai H., Yoshimizu M. and Ezura Y., 2002: 
Disinfection of water for aquaculture. Fish. 
Sci., 68 (suppli1), 821-824. 

Kimura T., Yoshimizu M., Ezura Y. and 
Kamei Y., 1989: Interaction between fish 
pathogenic viruses and microorganisms in 
environmental water of fish. in “Recent 
Advances in Microbial Ecology”, (eds. by 
Hattori T., Ishida Y., Maruyama Y., Morita 
R.Y. and Uchida A.), Japan Sci. Soc. Press, 
Tokyo, pp. 587-591. 

Kimura T., Yoshimizu M., Ezura Y. and 
Kamei Y., 1990: An antiviral agent 
(46NW-04A) produced by Pseudomonas sp. 
and its activity against fish viruses. J. 
Aquat. Animal Health, 2, 21-29. 

Noormandeau D.A., 1968: Progress report, 
Project F-14-R-3, State of New Hampshire, 
1968. 

Vlasenko M.I., 1969: Ultraviolet rays as  a 
method for the control of diseases of fish 
eggs and young fishes. Problems Ichthyol., 
9, 697-705. 

Yoshimizu M. and Kasai H., 2002: 
Disinfection of hatchery water and waste 
water for aquaculture. Industrial Water, 523, 
13-26 (In Japanese). 

Yoshimizu M., Takizawa H., Kamei Y. and 
Kimura T., 1986: Interaction between fish 
pathogenic viruses and microorganisms in 
fish rearing water: survival and inactivation 
of infectious hematopoietic necrosis virus, 
infectious pancreatic necrosis virus and 
Oncorhynchus masou virus in rearing water. 
Fish Pathol., 21, 223-231 (In Japanese with 
English abstract, tables and figures). 

Yoshinaka T., Yoshimizu M. and Ezura Y., 
2000: Adsorption and infectivity of 
infectious hematopoietic necrosis virus 
(IHNV) with various solids. J. Aquat. Anial 
Health, 12, 64-6.

 

54


	CONTENTS


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




