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ABSTRACT

Background: Infectious spleen and kidney necrosis virus (ISKNV) is one of viruses causing Red sea
bream iridoviral disease (RSIVD), resulting in loss of barramundi farming due to mass mortalities of juvenile
barramundi. In Thailand, the study of this disease is limited. The aim of the study is to describe
pathological and molecular characteristics of this virus from naturally infected juvenile barramundi in
farms in order to gain knowledge for fast and accurate diagnosis leading to disease control and protection.

Methods: Thirty juvenile barramundi samples aged 1-2.5 months that showed typical lesion of
RSIVD were collected from confirmed 2 RSIVD infected culture farms in Nakon Pathom during August
2018-April 2019. The samples were subjected to pathological study, including gross pathological,
histopatholosgical and ultrastructural studies, and molecular study comprised virus detection by PCR,
species confirmation by nucleotide sequencing and genetic relationship analysis by phylogenetic tree
reconstruction.

Results: Gross pathology revealed hyperpigmentation, abdominal distention, exophthalmos, pale
gills and pale liver with multifocal hemorrhage in all samples. Histopathological study found
pathognomonic lesions in spleen and kidney. A large number of IBC were observed with necrosis and
degeneration of tissues in the organs. Ultrastructural study found icosahedral virions, with a diameter of
approximately 165-210 nm, were visualized inside the cytoplasm of IBC. Molecular study found that PCR
product sizes of all samples were approximately 570 bp and nucleotide sequences of all samples were
identical, which had a high percentage of nucleotide sequence identity of 99.81% to the virus strain
ISKNV. Furthermore, the phylogenetic tree showed that ISKNV found in this study were classified into the
group of ISKNV strain.

Conclusions: The pathological study results revealed the pathognomonic lesion of cultured
juvenile barramundi infected with ISKNV was IBCs that were found in hematopoietic tissue of spleen and
kidney. The molecular study results confirmed the pathogen was the virus strain ISKNV which had a high

percentage of nucleotide sequence identity to the ISKNV that was reported in outbreaks in Thailand.
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Number of fish samples

Sample Date of Age :
P trm Pond ' S Pathological study Molecular
no. collection (month) :
Gross  Histopathology Ultrastructure study
1 A 1 8/2561 1 9 4 1 4
2 B 1 8/2561 2 3 1 1 1
3 B 2 9/2561 2.5 10 [ 1 5
4 B 3 4/2562 1.5 8 3 1 4
Total 30 12 4 14
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Virus . Geographic GenBank accession
strain Host species origin vear no.
ISKNV Lates calcarifer Thailand (Samut Sakhon) 2018 MT128666-MT128667
ISKNV Xiphophorus maculatus Australia 2011 KP292943
ISKNV Xiphophorus maculatus Australia 2012 KP292944-Kp292947
ISKNV Trichogaster spp. Australia (Imported) 2014 KP292948-KP292949
ISKNV Pterophyllum scalare Australia (Imported) 2014 KP292950-KP292951
ISKNV Poecilia latipinna Australia (Imported) 2014 KP292952
ISKNV Xiphophorus helleri Australia (Imported) 2014 KP292953
ISKNV Colisa labiosus Australia (Imported) 2014 KP292954
ISKNV Pterophyllum scalare Australia (Imported) 2014 KP292955
ISKNV Siniperca chuatsi China 1998 AF371960
ISKNV Astronotus ocellatus India 2019 MT178414, MT224134
ISKNV Osphronemus goramy India 2019 MT178415, MT178417
ISKNV Astronotus ocellatus India 2020 MT178416
ISKNV Epinephelus spp. (hybrid)  Indonesia 2016 MWa464172, NW557381
ISKNV Pterophyllum scalare Singapore 2016 MK689685
ISKNV Pagrus major Taiwan 2007 KT781098
ISKNV Epalzeorhynchos frenatus — USA 2018 MW273353
ISKNV Epalzeorhynchos frenatus ~ USA 2019 MW273354
GSIV Lates calcarifer Taiwan 2007 KT804738
LYClV Pseudosciaena crocea China 2001 AY779031
OSGIV Epinephelus coioides China 2002 AY894343
PIV Trachinotus carolinus Dominican Republic 2016 MK098187
RBIV Oplegnathus fasciatus South Korea 2000 AY532606
RSIV Pagrus major Japan 1995 AB104413
SFIV Starry flounder South Korea 2012 KF499525
TRBIV Scophthalmus maximus China 2006 GQ273492

ISKNV = Infectious spleen and kidney necrosis virus, GSIV = Giant seaperch iridovirus, LYCIV = Large yellow croaker iridovirus, OSGIV = Orange-spotted grouper iridovirus,
PIV = Pompano iridovirus, RBIV = Rock bream iridovirus, RSIV = Red sea bream iridovirus, SFIV = Starry flounder iridovirus, TRBIV = Turbot reddish body iridovirus
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oumavedhiailiauysal TdnuarlndiAvsiuguig
WUV icosahedral (§U 3A Waz 3D) FMAINUAN YL
adefanduanneluiiinadledauslaifideu oglu
lalananady Jadudnuasidoafuinglunisd@nw
ysqanesineiluaded lnvdsiindretandlodat de
rough granule FaussgansiugnssuveshiiaUuiy
granule westAdya (Mahardika, 2009) duilpdea
99 host cell dugnifenluaguinnmeuiead
(5U 3A) Inedinwoug 1BC fwusananiaonadosiunms
WU IBC se8% early stage Tun1sAnwdaingnaung
ifn RSIV Iuﬂizmmﬁﬂumm Mahardika (2009) uag
Finsranveynialidafiidnvazauysalidusy
icosahedral u1AUSEUI 165-210 nm 1
electron-dense core aaﬂJmstu capsid lazdensau
e envelope ﬂszmaaeﬂu cytoplasm (§U 3B) R



fisusazvunaenndesiulida ISKNV (Chinchar
et al,, 2017) usnnimuwadaniiegrsiuuayl
ﬁﬂ’]iL‘LJﬁIEJuLLUaQEUi'N‘Umﬁ’JLﬂgEJﬁ WU nuclear
collapse Way nuclear invagination (3U 3C) Hudu
Feusdansidenveaead (Cheville and Lehmkuhl, 2009)

n1sAnEMIseNTIING
HAN"3MS29628E19 DNA 914 4 froe1a @
33 PCR wuldnauandelnsweifisimededons
RSIVD Tag PCR product ivuauszunal 570 bp wu
Wenfunisdneves Kurita et al. (1998) et PCR
product 110519M1aeuilandlelng wuin PCR
product U9 570 bp 91nF19819 DNA W3 4 e
fasuiiandlolnawmilounu
nanisilSsufisuatnuiianalelnaves
Ae8199u1n 530 bp (lisawlwswes) Auaidu
Thndlolnslugiudoyaves GenBank LiloBudy
slade wuidduiiralelnsvesiied eiidnund
Wesiduranumileutudduiandlelnduoie
strain ISKNV w1nfign lasile1gais 99.81% iile
ailvandguiamrdlelndveaie strain ISKNV uag
L%a strain 514‘] Tu species ISKNV ﬁmg’m%gamaa
GenBank 1nasgvimUasidudanumileutudsiu
Thedlelnduende strain ISKNV Ainulunisdnend
(m1571971 4) nuilassandesifudaumiioussning
ol strain ISKNV aglutag 99.62-100.00% du
Wesiudaumilousswinade strain ISKNV fuide
strain 81 9 aglutae 92.45-93.58%
d1usuilesidudainuinilausenineaiau
Thmdlelndueade strain ISKNV Aiwulunisdnend

fuie strain ISKNV #ifisesunululszmesing 9
wuindiangs Tnoegludas 99.62-99.81% ile
Wisuiteuiuderinuludszmalne (MT128666-
MT128667) Ju (AF371960) lendu (KT718098)
d9AlUs (MK689685) ansgalusni (MW273353-
MW273354) Sulfiy (MT178414-MT178417,
MT224134) dulatiide (MWA64172-MW557381) wag
eawms\aY (KP292943-KP292947) saudaiedinuly
Uanfithdnusemeenanside (KP292948-KP292955)
waziesidudaumilouseninaddiu dandlolne
ogflutag 92.45-93.40% Wiesuiisuiuie strain
3u 9 loun SFIV uaz TRBIV (92.45%), GSIV, OSGIV
Wag RBIV (93.02%) waw LYCIV, PIV ag RSIV (93.40%)

HaMTIATIEAaRUTIAALo AU ISKNV
fnuludamiauasugy annisAnuluaded @
Wesldudmnunilougadia 99.81% (3197l 4) iile
Wisuiilsufudrduianalelnivonde ISKNV 7
enunuludminaynsainslay Kerddee et al.
(2021) Fwvhn1sdnwde strain ISKNV fissuisly
Uanznendsslurhfumnzdswanouiduiiui
AAnasaznIAngiusanveslseinelng lauwn
Fminansanas amsUsng uazasidans Juia
nssrualutaniindfesiunsanent sniadu
Foriediflituilngiu Sullemaiinsnuidoaniaes
nsAnuifumssuinvende strain eatu il
Yoyadiuianalelysiuanida strain ISKNV 11 damin
uAsUguAna adilusgauadlugiudeyaves
GenBank wagldsu accession number LC644726-
LC644729 duiusieg1eainvisy A wazwisy B
(U9 1-3) MuaIau



UTl 1 wanssenlsamammensineinulugnuanne e
(A) wanaddgnuanduuuiiidid viesuan uagaluy
(B) uamsdsgnuandudnaiifanumussiosuon
(©) uanuvionvesgniaiiidnunzdaduiunungeuionis (<-)
(D) uansvasgnUaiiluy uazdiidensenlugnan (<-)
(B) uansiuvesgrUaiidnsruiunugaidensen (<-)
(

)
F) wansludeaiowasgnuanfiiveanainieluy dhaifvwadn (<-) wagldfionslunadiuens (<)

gﬂﬁ 2 LLﬁﬁNiE)EJIﬁﬂV]NQﬁWEJ’]%%VlEJ’ﬂULﬁaL?ia’uadgﬂﬂa’mw\l\wﬂ
(A) uans IBC fifind basophilic staiwad (>) uaziilasaiadneiundvaegnmelusadinge () ludeidedihu Tnglduesnmdiu
vesiundeafignidoniiuuuurvessy
(B) ka@mIN1sM18WUU cytolytic necrosis U89 hematopoietic cell 1w interstitium vadln
0 uansuBnaiiinidens uaznisanaswes melanomacrophage centers (->) Tugiu
D) u&n9 hyaline degeneration (->) Wag amorphous casts (>) finuuinamela
E) uanssoalsaludunendu () ludu waznismeves acinar cell Tudugau ()

(
(
(
(F) wansnm@uieniifinmsunsnusawadsniay mafiusiuuvessadideyfauvien uasnsmeveadeide ()

)
)




a o aa o da &
A13799 3 53ﬂ‘Uﬂ’)']3J?‘L!LLN‘UENSEJEJI?WW’NQEW&J’]S’WIEJ’]GLNE]'DE’J’JS‘UENQﬂﬂaﬁﬂ%Wﬂ‘U’]’WlGlﬂL“Ua ISKNV

Severity score of each sample no.

Tissues Histopathological lesions
1 2 3 4
- IBC + ++ +++ ++
Spleen - Hematopoietic tissue necrosis ++ +++ +++ o+
- Decrease of melanomacrophage centers ++ ++ +++ ++
- IBC + ++ ++ ++
- Hematopoietic tissue necrosis + ++ +++ ++
Kidney - Renal tubular epithelial cell degeneration + +++ ++ 4+
- Decrease of melanomacrophage centers + ++ +++ ++
- Renal interstitial haemorrhage ++ ++ + ++
- IBC - + + _
- Lamellar epithelial cell hyperplasia +++ +++ +++ +++
- Lamellar epithelial cell necrosis + ++ +++ ++
Gill - Inflammatory cell infiltration + ++ ++ +
- Secondary infection
- Rod shaped bacteria - + + -
- Trichodina spp. - + o+ _
- IBC - - + -
Heart - Myocardial degeneration ++ ++ ++ +
- IBC - + _ -
Liver - Hepatic steatosis ++ . e+ St
- Hepatocellular necrosis ++ + + ++
Pancreas - Pancreatic acinar cell necrosis +++ ++ ++ ++

* - = no lesion; + = mild lesion; ++ = moderate lesion; +++ = severe lesion

3U# 3 wamdlasaaiaseAuganssaididnnseunes hematopoietic cell Wulauazsnuvesgniannswaum
(A) wang 1IBC ﬁwummﬁaﬁalm Famelunu intracytoplasmic inclusion bodies fifinnswainn virus assembly site Wudnwag dark
matrix ﬁﬁaﬂgmﬂmaﬂﬁaﬁlﬁawjdaguimsﬂ,u (<) uag rough granule Midnwuzadeianalodauslinuideriu (R) dwiandoa
¥4 host cell nugnidenagusiinweuiead (N)
(8 Ltamdauﬂﬁﬂmadlaﬁ’aﬁﬁuuuiﬂj (complete virion) ﬂizﬁ]’]aagj Tu cytoplasm weswaaan iledeln (<)
(O) udma nuclear invagination vevwadluiioidosiuiifinsden (<)
(D) wansoynavashiaiilianysal (incomplete virion) Tu virus assembly site vougadanitiodatiu (<)

daonwnaans UR 73 1dUA 1
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ISKNV/Lates calcarifer/Thailand/Nakhon Pathom/2019 (LC644729)
ISKNV/Lates calcarifer/Thailand/Samut Sakhon/2018 (MT128666 - MT128667)
ISKNV/Xiphophorus maculatus/Australia/2011 (KP292943)

ISKNV/Xiphophorus maculatus/Australia/2012 (KP292944 - KP292947)
ISKNV/Trichogaster spp./Australia (Imported)/2014 (KP292949)
ISKNV/Pterophyllum scalare/Australia (Imported)/2014 (KP292950 - KP292951)
ISKNV/Poecilia latipinna/Australia (Imported)/2014 (KP292952)
ISKNV/Siniperca chuatsi/China/1998 (AF371960)

ISKNV/Astronotus ocellatus/India/2019 (MT178414, MT224134)

99 | ISKNV/Osphronemus goramylindia/2019 (MT178415, MT178417)

ISKNV/Astronotus ocellatus/India/2020 (MT178416)
ISKNV/Epinephelus spp.(hybrid)/Indonesia/2016 (MW464172, MW557381)

65_1 ISKNV/Lates calcarifer/Thailand/Nakhon Pathom/2018 (LC644726 - LC644728)H

= ISKNV

6!

Ul

99

ISKNV/Pterophyllum scalare/Singapore/2016 (MK689685)
ISKNV/Pagrus major/Taiwan/2007 (KT781098)
ISKNV/Epalzeorhynchos frenatus/lUSA/2018 (MW273353)
ISKNV/Epalzeorhynchos frenatus/lUSA/2019 (MW273354)
ISKNV/Trichogaster spp./Australia (Imported)/2014 (KP292948)
‘{ ISKNV/Colisa labiosus/Australia (Imported)/2014 (KP292954)
ISKNV/Pterophyllum scalare/Australia (Imported)/2014 (KP292955)
— ISKNV/Xiphophorus helleri/Australia (Imported)/2014 (KP292953)
LYCIV/Pseudosciaena crocea/China/2001 (AY779031)
4{ PIV/Trachinotus carolinus/Dominican Republic/2016 (MK098187)
RSIV/Pagrus major/lJapan/1995 (AB104413)
GSlIV/Lates calcarifer/Taiwan/2007 (KT804738)
4{ OSGIV/Epinephelus coioides/China/2002 (AY894343
] 99 | RBIV/Oplegnathus fasciatus/South Korea/2000 (AY532606)

| SFIV/Starry flounder/South Korea/2012 (KF499525)

N,

- RSIV

- TRBIV

99 ! TRBIV/Scophthalmus maximus/China/2006 (GQ273492) J

0.010

JUN 4 wansmnuduiiusnisiiugnssulaglddrduinalolnavinn 530 bp veade strain ISKNV Ainulunis@neull (Wansmedidnys
wndung) Audauiiindlelndvente strain ISKNV uagide strain 8u 9 Tu species ISKNV 91ngudeyaves GenBank lunis

a319ununil phylogenetic tree
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