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Iridovirus infection in marine cultured fishes had caused serious mortalities in
Southeast Asian countries especially in marine fishes farmed in Taiwan, Singapore,
and Thailand due to grouper iridovirus (GIV) and the impact and extent of this
disease is unknown hitherto in Malaysia. This is due to lack of knowledge on the
host range, geographical distribution and the differences between strains if any.
Hence to elucidate this gap, OIE reference polymerase chain reaction assay was
utilized to detect the presence of grouper iridovirus in farmed grouper from
Peninsular Malaysia. This current study aimed to examine the histopathological
changes, using in-house design primers, sequence analysis of major capsid protein
(MCP) gene, isolation of iridovirus in BF-2 and SSN-1 cell lines, biophysical and
biochemical characterization and SDS-PAGE for characterization and comparing
with other reference nucleotide sequences acquired from GenBank, and experimental
infectivity study in red hybrid tilapia. A total of 150 hybrid grouper fish and coral
trout samples were collected. Of these, GIV was detected in 27 hybrid grouper fish
and coral trout samples and they were asymptomatic and or with mild non-specific
lesion. Sequence analysis of MCP gene showed that the strain detected in this study
was closely related to the reference of GIV and Ranavirus in an emerging disease
which has been causing mortalities in grouper culture farms in Peninsular Malaysia.
In addition, phylogenetic analysis of MCP gene revealed that the reference GIV and
Ranavirus which were obtained from GenBank and all other strains that were detected
in this study were included in genotype 1.

Clinical samples were collected from diseased grouper juveniles suspected of
Iridovirus infection from marine floating cage fish farms. Some of the fish showed
darkening of the body, uncoordinated swimming and skin ulcers. Microscopic
examinations of the infected tissues showed severe necrosis with large
intracytoplasmic inclusions, vacuolated cytoplasm and degenerated nuclei with
marginated chromatin in different tissues.



The grouper iridovirus (GIV) was isolated in two fish cell lines i.e. BF-2 and SSN-1.
The results showed that BF-2 cell line was more susceptible than SSN-1 to GIV with
typical cytopathic effect (CPE) manifesting mainly as cells rounding-up, severe
vacuolation and, progressive plaques of rounded-up cells within 3-5 days and
complete detachment within 7 dpi.

Biophysical and biochemical characterization of GIV isolate were determined by heat
treatment, UV irradiation and the stability under effect of chemical disinfectants
(ether, formalin, iodine) and pH. The GIV isolate showed susceptibility to heat
treatment at 56°C, UV irradiation, different pH ranging between 2 to 11, treatment
with 2% formalin and iodine.

Since all the infected fish appeared healthy, there was a concern over possible
transmission of asymptomatic GIV infection in freshwater fish species. To
clarify this, an in vivo infection was conducted to investigate the possible
susceptibility of red hybrid tilapia using 0.1 ml (1033 TCIDs0/0.1 ml ) inoculum
originated from BF-2 cell cultures via intraperitoneal injection. The GIV was able to
infect tilapia fish within first week of injection, but the infected fish were
asymptomatic. In conclusion, GIV pose serious risk to the Malaysian aquaculture
industry as this virus can spread without any sign of disease.

In summary, the extent of GIV infection in grouper fish farms, which includes
information on pathogenicity and geographical distribution in Peninsular Malaysia
have been elucidated in this study. This baseline information is essential to mitigate
the spread of this disease. Present study also confirmed the infectivity of 0.1 ml (10%°
TCIDs0/0.1 ml) of BF-2 cell filtrate to red hybrid tilapia by IP injection. Integration
of histopathological results such as confirmatory PCR-assays, sequence analysis of
MCP, phylogenetic analysis, isolation virus on BF-2 and SSN-1 cell lines, and SDS-
page of virus protein are essential in the diagnosis of grouper Iridovirus infection.

i



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk Ijazah Doktor Falsafah

PENCIRIAN GROUPER IRIDOVIRUS (GIV) DIPENCILKAN DARIPADA
KERAPU, (Epinephelus spp.) DI MALAYSIA

Oleh

MARYAM HAZERI

Oktober 2016

Pengerusi : Profesor Madya Hassan Hj Mohd Daud, PhD
Fakulti : Perubatan Veterinar

Jangkitan iridovirus pada ternakan ikan marin menyebabkan kematian yang serius di
negara-negara Asia Tenggara terutamanya Taiwan, Singapore, dan Thailand
disebabkan oleh iridovirus kerapu (GIV) dan kesan serta tahap penyakit tidak
diketahui sehingga kini di Malaysia. Ini disebabkan kekurangan dari segi pengetahuan
mengenai julat perumah. taburan geografi dan perbezaan antara strain. Oleh itu, untuk
menunjukkan perbezaan ini, penjujukan rantaian polimerase rujukan OIE digunakan
untuk mengesan kehadiran grouper iridovirus pada ternakan grouper dari
Semenanjung Malaysia. Kajian ini memfokuskan untuk mengkaji perubahan
histopatologi, menggunakan primer dalaman, analisis jujukan gen protein kapsid
utama (MCP), pemencilan iridovirus dalam BF-2 dan SSN-1 kultur sel, pencirian
biofizikal dan biokimia serta SDS-PAGE untuk pencirian dan pembezaan dengan
jujukan nukleotida rujukan lain daripada GenBank, dan jangkitan secara eksperimen
dalam tilapia hibrid. Sejumlah 150 sampel ikan kerapu hibrid dan kerapu bara
diambil. GIV dikesan pada 27 sampel grouper hibrid dan kerapu bara dan ia adalah
asimptomatik dan/ atau dengan lesi tidak spesifik yang lemah. Analisis jujukan
genMCP menunjukkan strain yang dikesan dalam kajian ini sangat berkait rapat
dengan GIV rujukan dan Ranavirus pada penyakit bangkit yang menyebabkan
kematian di ladang ternakan grouper di Semenanjung Malaysia. Tambahan pula,
analisis filogenetik gen MCP menunjukkan GIV rujukan dan Ranavirus yang
diperolehi daripada GenBank dan semua strain lain daripada kajian ini termasuk di
dalam genotip 1.

Sampel klinikal diperolehi daripada kerapu juvenil yang sakit disyaki disebabkan oleh
jangkitan iridovirus daripada ladang sangkar ikan terapung. Sesetengah ikan
menunjukkan badan yang gelap, berenang tidak betul dan ulser kulit. Ujian
mikroskopik pada tisu yang dijangkiti menunjukkan nekrosis yang teruk dengan
rangkuman intrasitoplasma besar, sitoplasma tervakuol dan kemerosotan nukleus
dengan kromatin bermarginat dalam tisu yang berbeza.
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Iridovirus kerapu (GIV) dipencilkan dalam dua kultur sel iaitu BF-2 dan SSN-1. Hasil
menunjukkan sel BF-2 lebih rentan kepada GIV berbanding SSN-1 dengan kesan
sitopatik tipikal (CPE) yang jelas seperti sel menjadi bulat, pemvakuolan yang teruk
dan plak progresif sel yang membulat diantara 3-5 hari dan penanggalan yang lengkap
diantara 7 hari selepas jangkitan.

Pencirian biofizikal dan biokimia isolat GIV ditentukan oleh perawatan haba, iridasi
UV dan kestabilan bawah kesan disinfektan kimia (eter, formalin, iodin) serta pH.
Isolat GIV menunjukkan kerentanan kepada perawatan pada56C, iridasi UV,
perbezaan pH di antara 2 hingga 11, perawatan dengan 2% formalin dan iodin.

Kerana semua ikan yang terjangkit adalah sihat, ini memberi perhatian keatas
kemungkinan penyebaran jangkitan GIV secara asimptomatik dalam spesies ikan air
tawar. Untuk membuktikannya, jangkitan secara in vivo dilakukan untuk menyiasat
kemungkinan kerentanan tilapia merah hibrid menggunakan inokulum 0.1 ml (10%°
TCIDs0/0.1 ml ) daripada sel kultur BF-2 melalui suntikan intraperitoneum. GIV
mampu menjangkiti ikan tilapia dalam masa seminggu pertama suntikan, tetapi ikan
tersebut menunnjukkan tanda-tanda asimptomatik. Kesimpulannya, GIV memberi
risiko yang serius kepada industry akuakultur Malaysia kerana virus ini boleh
merebak tanpa sebarang tanda-tanda penyakit.

Secara keseluruhannya, had jangkitan GIV pada kerapu di ladang ternakan, termasuk
maklumat kepatogenan dan taburan geografi di Semenanjung Malaysia telah
dihuraikan pada kajian ini. Dasar maklumat ini adalah penting untuk mengurangkan
penyebaran penyakit. Kajian ini juga mengesahkan kejangkitan 0.1 ml (10%°
TCIDs0/0.1 ml) turasan sel BF-2 pada tilapia merah hibrid melalui suntikan IP.
Integrasi hasil histopatologi seperti pengesahan asai PCR, analisis jujukan MCP,
analisis filogenetik, pemencilan virus pada BF-2 dan SSN-1 sel kultur, dan SDS-
PAGE protein virus adalah penting dalampendiagnosan jangkitan iridovirus kerapu.
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PCR-positive grouper from farm number 2-B: mononuclear cell
inflammatory (red arrow) (ii) necrotic area ( yellow arrow) (iii)
Hemorrhages could be seen at the centre of the ulcer (black
arrow) (H&E, Mag. 50X).

The histological section of spleen of GIV PCR-positive grouper
from farm number 1-A: (i) moderate congested (H&E, Mag.
50X)

Comparative time sequence of BF-2 cells by GIV at 25T
incubated, Unstained.

(A) Confluent normal uninfected BF-2 monolayer, 7 d, Bar:
100pum, (B) presence of vacuolation of cytoplasm as CPE at 1
dpi, Bar: 100pm, (C) and (D) increasing nubmer of vacuolation
of cytoplasm and aggregation of infected cells at 3 dpi, Bar:
100pm and 400um, (F) sepration of vacuolated infected cells,
6dpi, Bar: 100pm, (G) and (H) showing progressive plaques of
rounded-up and detachment of infected cells, 7 dpi, Bar: 100um

Comparative time sequence of SSN-1 cells by GIV at 25T,
Unstained.

(A) confluent normal uninfected SSN-1 monolayer, 7 d, Bar:
100pm, (B) presence of vacuolation of cytoplasm respectively at
2 dpi, Bar: 100um, (C) and (D) increasing number of cells
vacuolation of cytoplasm at 4 and 6 dpi, Bar: 100pum, (E)
sepration of vacuolated infected cells, 7dpi, Bar: 100um, (F)
complete detachment of infected cells,10 dpi, Bar: 100pm

SDS-polyacryamide gel analysis of total crude protein of BF-2-
cells infected with GIV (A), purified GIV in sucrose gradient (B)
and molecular weights of marker proteins (M). The molecular
weights of marker proteins are shown on the right side. On the
left side, the viral MCP (49 KDa) is indicated (black arrow).

BF-2 cells infected and non- infected by GIV, H&E stain.

(A) uninfected BF-2 cells, 7d post culture, Bar:100um, (B) BF-2
infected cells with intracellular vacuoles (black arrow) and
different shape and size,2 dpi, Bar:100um, (C) increasing
intracellular vacuoles ( black arrow) in infected BF-2 cells with
inclusion bodiy-bearing cells (red arrow), 5 dpi, Bar:200pum, (D)
destroyed most of BF-2 infested cells with more intracellular
vacuoles( black arrow) and inclusion bodiy-bearing cells (red
arrow), 7 dpi, Bar:200pm
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SSN-1 cells infected and non- infected by GIV, H&E stain.

(A) uninfected SSN-1 cells as control, 7d post culture,
Bar:100um, (B) SSN-1 infected cells with some intracellular
vacuoles (red arrow) ,some inclusion bodiy-bearing cells (black
arrow) and different shape and size,4 dpi, Bar:200um, (C)
increasing intracellular vacuoles (red arrow) in infected SSN-1
cells with inclusion bodiy-bearing cells (black arrow) , 6 dpi,
Bar:200um, (D) destroyed SSN-1 infested cells with more
intracellular vacuoles (red arrow) and inclusion bodiy-bearing
cells (black arrow), 7 dpi, Bar:400um

BF-2 cells infected and non- infected by GIV, fluorescent
micrograph of Acridine Orange stain.

(A) uninfected BF-2 cells showing a normal structure, 7d post
culture, Bar:100pm, (B) BF-2 infected cells with bright green
staining due to marginated nucleus and c)hromatin
condensation that occurs in early apoptosis , present of possibility
inclusion bodiy-bearing cells (yellow arrow5 dpi, Bar:100um,
(C) increasing bright green staining with a marginated nucleus (
yellow arrow) in infected BF-2 cells, present of possibility
inclusion bodiy-bearing cells and chromatin condensation that
occurs in early apoptosis (yellow arrow), 7 dpi, Bar:200um.

BF-2 cells infected and non- infected by GIV, Giemsa stain.

(A) uninfected BF-2 cells, 7d post culture, Bar:40um, (B) BF-2
infected cells with intracellular vacuoles (black arrow) with some
inclusion bodiy-bearing cells (red arrow) ,3 dpi, Bar:100pm, (C)
increasing intracellular vacuoles ( black arrow) in infected BF-2
cells with inclusion bodiy-bearing cells (red arrow), 5 dpi,
Bar:200um, (D) destroyed most of BF-2 infested cells with
inclusion bodiy-bearing cells (red arrow), 7 dpi, Bar:200pm

SSN-1 cells non- infected and infected by GIV, Giemsa stain.
(A) uninfected SSN-1 cells as control ,7d post culture,
Bar:100um, (B) SSN-1 infected cells with some intracellular
vacuoles (yellow arrow) ,and different shape and size,4 dpi,
Bar:200um, (C) increasing intracellular vacuoles (yellow arrow)
in infected SSN-1 cells with more space between cells and
inclusion bodiy-bearing cells (blue arrow) , 6 dpi, Bar:200um,
(D) destroyed most of SSN-1 infested cells with more
intracellular vacuoles (yelow arrow) and inclusion bodiy-bearing
cells (blue arrow), 7 dpi, Bar:400um.

PCR results of 5 GIV cultured in BF-2 cells (1, 2, 3, 4 and 5) on
agarose gel showed positive amplicons of MCP (1392 bp).(A)
Primer PR1(RMCP -F and RMCP-R) , (B) Primer PR2 (RM1-F
and RM1-R) ,(C) Primer PR3 (RM2-F and RM2-R), (D)
comparing PCR results of one of GIV cultured in BF-2 cells with
three primers (PR1, PR2 and PR3), M) DNA Ladder (100bp)
(Promega , USA), N) negative GIV sample.
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Phylogenetic tree deduced from the GIV -MCP was compared
with 12 Ranavirus and 2 Megalocytivirus , the GIV was closely
related to Grouper iridovirus isolate (GIV_Tn 352,
JF264358.1,GIV2).

(A) Control red hybrid tilapia fish injected with PBS, 28 dpi. (B)
gross pathological change of GIV- infected red hybrid tilapia
such as swollen gall bladder (blue arrow), pale liver(yellow
arrow) (B) and pale gill (green arrow) (C), 7 dpi.

(A) A section from red hybrid tilapia’s liver of control group, at
28 dpi.Normal liver parenchyme structure. H&E stained, mag. 400X.

(B) A section from experimental GIV-infected red hybrid
tilapia’s liver of sacrified group showing vacuolative
degeneration (blue arrow), mononuclear inflammatory cells
infiltration in parenchyma (yellow arrow) at 3 dpi. (H&E stained,
mag. 100X, , scale bar 100 um).

(C) A section from experimental GIV-infected red hybrid
tilapia’s liver of sacrified group showing vacuolative
degeneration (blue arrow), presence of inclusion body (red
arrow) at 5 dpi [mild histopathological changes (+)J(H&E
stained, mag. 200X, scale bar 40 um).

(D) A section from experimental GIV-infected red hybrid
tilapia’s liver of sacrified group showing vacuolative
degeneration (blue arrow), mononuclear inflammatory cells
infiltration in parenchyma (yellow arrow), presence of bacillus
bacteria (black arrow), presence of inclusion body (red arrow).
Hepatocytes undergoing degeneration (green arrow) at 7 dpi
[moderate histopathological changes (++)] (H&E stained, mag.
400X, , scale bar 20 um).

(E) A section from experimental GIV-infected red hybrid
tilapia’s liver of sacrified group showing vacuolative
degeneration (blue arrow), mononuclear inflammatory cells
infiltration in parenchyma (yellow arrow), congestion blood
(orange arrow), presence of inclusion body (black arrow), cells
undergoing degeneration(green arrow) at 11 dpi [Severe
histopathological changes (+++)] (H&E stained, mag. 400X, ,
scale bar 20 um).
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(F) A section from experimental GIV-infected red hybrid
tilapia’s liver of sacrified group showing vacuolative
degeneration (blue arrow), mononuclear inflammatory cells
infiltration in parenchyma (yellow arrow), congestion blood
(orange arrow), presence of inclusion body (black arrow) and
hepatocytes undergoing degeneration (green arrow) at 14 dpi
[severe histopathological changes (+++)] (H&E stained, mag.
200X, scale bar 40 pm).

(G) A section from experimental GIV-infected red hybrid
tilapia’s liver of sacrified group showing vacuolative
degeneration (blue arrow), mononuclear inflammatory cells
infiltration in parenchyma (yellow arrow), congestion blood
vessels (orange arrow), presence of melano macrophage centres
(MMCs) (black arrow) at 18 dpi [very severe histopathological
changes (++++)] (H&E stained, mag. 100X, , scale bar 100 pm
and 200X, scale bar 40 um).

(H) A section from experimental GIV-infected red hybrid
tilapia’s liver of sacrified group .Vacuolative degeneration (blue
arrow), mononuclear inflammatory cells infiltration in
parenchyma (yellow arrow), congestion blood vessels (orange
arrow), undergoing necrosis (black arrow) at28 dpi [very severe
histopathological changes (++++)].(H&E stained, mag. 50X, pm
and 200X, scale bar 40 pm).

(A) A section from red hybrid tilapia’s kidney of control group
at 28 dpi showing normal tubules structures (H&E stained, mag.
400X, , scale bar 20 pm).

(B) A section from experimental GIV-infected kidney of red
hybrid tilapia from sacrified group showing congestion of
glomeruli (yellow arrow), degeneration of glomerulus (red
arrow), degenerative changes in  tubules (green arrow),
possibility IB (black arrow) at 7 dpi [moderate histopathological
changes (++)] (H&E stained, mag. 200X, scale bar 40 um).

(C) A section from experimental GIV-infected kidney of red
hybrid tilapia from sacrified group showing haemorrhages
between tubules (yellow arrow), increase spaces in the basal
membrane of tubules cells (green arrow), possibility of inclusion
bodiy-bearing cells (black arrow) at 11 dpi [severe
histopathological changes (+++)](H&E stained, mag. 400X, ,
scale bar 20 um).
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(D) A section from experimental GIV-infected kidney of red
hybrid tilapia sacrified group, showing atrophied degeneration of
glomeruli with cloudiness and thickning Bowman’s capsule wall
(yellow arrow), one of the tubule undergoing severe degeneration
( green arrow), presence of thin and small RBC (disc shape) in
congested in renal vein, presence of melanomacrophage centres
(MMCs) (red arrow), at 14 dpi [severe histopathological changes
(+++)](H&E stained, mag. 200X, scale bar 40 um).

(E) A section from experimental GIV-infected red hybrid
tilapia’s kidney of sacrified group showing atrophied
degeneration of glomeruli with cloudiness and increased in
Bowman’s capsular space (yellow arrow), degeneration of
hematopoietic tissue (green arrow), thin and small RBC (disc
shaped) in congested renal vein and hematopoietic tissue (black
arrow) at 18 dpi [very severe histopathological changes
(++++)](H&E stained, mag. 200X, scale bar 40 um).

(F) A Section from experimental GIV-infected red hybrid
tilapia’s kidney of sacrified group showing degeneration of
tubules (yellow arrow), degeneration of hematopoietic tissue (
green arrow), congestion in renal vein and hematopoietic tissue
(black arrow) at 28 dpi. [very severe histopathological changes
(++++)]. H&E stained, mag. 50X.

(A) (A) Higher magnification of a section from experimental
GIV-infected red hybrid tilapia’s liver from sacrified group at 11
dpi showing vacoulative degeneration of hepatocytes and the
presence of thin and small RBCs (disc shaped) in venous
congestion (black arrow) [severe histopathological changes
(++1+)](H&E stained, mag. 400X, , scale bar 20 pm).

(B) A section from experimental GIV-infected red hybrid
tilapia’s liver from sacrified group at 11 dpi showing bile duct
and presence of thin and small RBCs (disc shaped) in venous
congestion (black arrow) [severe histopathological changes
(++1)] (H&E stained, mag. 200X, scale bar 40 pm).

(C) A section from experimental GIV-infected red hybrid
tilapia’s liver of sacrified group at 14 dpi showing abnormal
shaped RBCs i.e. compressed, thin flat shaped (disc shaped) in
congested vein (black arrow). [severe histopathological changes
(++1+)](H&E stained, mag. 400X, , scale bar 20 pm).

Gel agarose showing the PCR products from liver of IP
experimental GIV- infection red hybrid tilapia at day 1 ( Line 1),
day 2 ( Line 2), day 3 ( Line 3), day 5 ( Line 4), day 7 ( Line 5),
day 11 ( Line 6), dat 14 ( Line 7), day 18 ( Line 8) and day 28 (
Line 9) pi respectively, M: DNA Ladder (100bp) (Promega ,
USA), N) negative GIV sample , P) positive control GIV sample.
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CHAPTER 1

INTRODUCTION

The aquaculture industry is threatened by many infectious diseases, and viruses,
bacteria, fungi, and metazoan parasites are the most frequent agents (Meyer, 1991;
Whittington & Chong, 2007). Among these the most harmful are viruses of the
Iridoviridae family, which have been found to be responsible for serious rates of
mortality that have resulted in substantial economic losses to the aquaculture industry
(Chao et al., 2002). Williams (1996) and Xeros (1954) have reported that Claude
Rivers was the first to detect the iridovirus in March 1954 by isolating it from crane
fly larvae (Tipula paludosa) that exhibited glowing patches that were blue in color.
Since then there have been several investigations of the Iridoviridae, with the majority
of them focusing on iridescent viruses (Xerox, 1954). In the case of amphibian
iridovirus, initial research began when an isolate linked to with renal carcinoma in
the leopard frog (Rana pipiens) was discovered by Granoff et al. (1966).

It has been found that for the past two decades, infectious iridoviruses have been a
significant agent of viral diseases in fish (Williams et al., 2005), in European
countries, the US and also in East and Southeast Asian countries including Hong
Kong, Korea, Malaysia, Philippines, Singapore and Thailand (Mahardika et al., 2004;
Do et al., 2005; Jeong et al., 2006a). According to the 9th Report of the International
Committee on Taxonomy of Viruses (ICTV), the family lridoviridae comprises five
genera, [Iridovirus,  Chloriridovirus,  Ranavirus,  Lymphocystisvirus — and
Megalocytivirus (Jancovich et al., 2012), with Megalocytivirus receiving most
attention from researchers because of its wide host range and the high mortality it
causes in the aquaculture industry (Dong et al., 2011).

Viruses such as frog virus 3 (FV3; Ranavirus) (Tan et al., 2004), soft-shelled turtle
iridovirus (STIV; Ranavirus) (Huang et al., 2009), tiger frog virus (TFV; Ranavirus)
(He et al., 2002), epizootic haematopoietic necrosis virus (EHNV; Ranavirus)
(Jancovich et al., 2010), Ambystoma tigrinum virus (ATV; Ranavirus) (Jancovich et
al., 2003), grouper iridovirus (GIV; Ranavirus) (Tsai et al., 2005), Singapore grouper
iridovirus (SGIV; Ranavirus) (Song et al., 2004), are included as belonging to this
genus but have not received approval as a virus species. There is a likelihood that host
range of Ranaviruses animals and their products feature significantly in these
epizootics occurrences (Hedrick & McDowell, 1995; Plumb & Zilberg, 1999a; Grant
et al., 2005; Schramm & Davis, 2006; Deng et al., 2011; George et al., 2014).

Ranaviruses have attracted the attention of many researchers because of the serious
harm they can cause to farmed and wild fish as well as amphibians (Pozet et al., 1992;
Cullen & Owens, 2002; Bigarre et al., 2008). It has been recorded that the ranavirus
of Epizootic Haematopoietic Necrosis Virus (EHNV) from Australia was the first
iridovirus responsible for epizootic mortality in finfish (Langdon et al., 1986b). On



the other hand, on many occasions, there have been isolations of FV3-like ranaviruses
from fishes in captivity.

The incidence of infectious disease is a major problem in hatchery production and an
economic threat to the rearing of this fish which is of significant economic importance
as a cultured marine fish in many Asian countries (Chi, 1997; Lai et al., 2001a, b). The
threat to this industry is due to the fact that Iridoviruses are among the most significant
viral pathogens in grouper, especially at the fry and fingerling stages (Lai et al., 2000,
2003). Singapore grouper iridovirus (SGIV) and grouper iridovirus (GIV) are
genetically different but related ranaviruses that have had a negative impact on grouper
mariculture in Asia since last decade of the 20" century (Chua et al., 1994; Murali et
al., 2002; Qin et al., 2003).

Diagnostic methods such as histology and transmission electron microscope (TEM)
have limited specificity and unable to detect low numbers of the viruses. In addition,
PCR and qPCR cannot be carried out in resource limited laboratories and field due to
the requirement of sophisticated equipment. A highly specific, simple, and
inexpensive diagnostic tool is required to detect the presence of GIV to monitor the
virus and ensure a healthy development of the grouper fish-farm industry. Thus, this
study was carried out with the following hypotheses and objectives which will be to
establish a better understanding of GIV that infects farmed grouper fish and red hybrid
tilapia fish farmed from Peninsular Malaysia.

1.1 Hypotheses of the study:

Hypothesis 1. There will be variation amongst the iridovirus isolates from Peninsular
Malaysia and the different grouper iridovirus (GIV) strains infecting grouper
(Epinephelus sp.).

Hypothesis 2. Asymptomatic GIV infection could be induced in Red hybrid tilapia
(Oreochromis sp.) by intraperitoneal infection (IP).

1.2 Objectives of the study:

i. To detect and determine the infectivity of Grouper Iridovirus (GIV) from
farmed grouper using commercial cell lines, BF-2 and SSN-1.

ii. To characterize the cell culture-adapted virus biophysically and biochemically.

iii. To determine the molecular characteristic of the cell culture-adapted virus and
infer the phylogenetic relationship of the isolates based on conserved MCP
gene.

iv. To determine the pathogenicity of GIV in experimentally infected non-marine
fish following IP infection.
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