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ABSTRACT

The most common problem in barramundi Lates calcarifer seedling production is the high mortality
(=>90%) caused by nervous necrosis virus (NNV) infection. This research aims to evaluate the resistance and
gene expression of barramundi challenged by NNV. Two populations were used in this study, i.e., Australian,
and Situbondo-originated barramundi populations. The immune-related gene expression levels in the
liver, head kidney, and spleen were observed at 48 and 96 hours after post-infection (hpi). Barramundi’s
survival and blood parameters were evaluated post-NNV infection. The results showed that the highest
survival was revealed in Situbondo’s barramundi (42.0%+4.47%) compared to Australian barramundi
(20.07.07%) and no mortality was observed in the control without NNV infection. The higher survival rate
in barramundi from Situbondo was in line with the blood profile. The number of red blood cell from
Situbondo barramundi post-NNV infection (ST) at 96 hpi was higher (P<<0.05) than Australian barramundi
post-NNV infection (AT). The number of white blood cell of ST at 48 hpi was higher (P<<0.05) than AT, but
started to decrease at 96 hpi in ST barramundi. The total white blood cell in AT barramundi increased from
48 to 192 hpi. TNFa and IL1-B gene expression levels were significantly higher in the liver, head kidney, and
spleen of Situbondo compared to Australian barramundi at 48 hpi, while MHClla. gene expression in
Situbondo’s was significantly higher compared to Australian barramundi at 96 hpi. These results indicate
the important roles of all the genes in the barramundi’s immune responses against viral infection. Based on
the results of the research, Situbondo’s barramundi has the potential to be used as a candidate for generating

broodstock of disease-resistant strain.

KEYWORDS:

INTRODUCTION

Barramundi (Lates calcarifer) is one of the eco-
nomic and commercial aquaculture commodities (Ye
et al., 2017). Based on production data from the Di-
rectorate General of Aquaculture (Ministry of Marine
Affairs and Fisheries), 20 provinces in Indonesia pro-
duce barramundi in 2021 with a total production of
6247.47 tons. These fingerlings are produced from
small-scale hatcheries in Bali, Lampung, and East Java
(Jerry, 2014). The barramundi fingerling that was
nursed at small-scale hatcheries came from Australian
and Indonesian broodstock, including Situbondo.
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Barramundi culture still depends on the finger-
lings derived from wild-caught broodstock and se-
lected Australian broodstocks with fast growth char-
acteristics. The market demand is quite high, caus-
ing mass natural spawning to be carried out without
following the breeding procedure so that the inter-
batch variability in growth and survival is high
(Domingos et al., 2013). Their heritability level also
decreased significantly, phenotypic variation was high
at the larvae rearing stages (D21-D80), susceptible
to stress, decreased immunity level, and susceptibil-
ity to disease (Ye et al., 2017; Fu et al., 2013). This
has been an obstacle and challenge in the barramundi
nursery until now.

Pathogenic infections in marine fish culture may
cause production failures and economic losses
(Abdullah et al., 2017). The main problem of disease
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infection for barramundi is caused by Nervous Ne-
crosis Virus (NNV). NNV also called as Viral Encepha-
lopathy Retinopathy (VER). This disease infected sev-
eral fishes in hatchery and fish culture on floating net
cages in Indonesia, India, Malaysia, and Taiwan (Sharma
et al., 2019; Sembiring et al., 2018; Abdullah et al.,
2017, Liu et al., 2016; Wu et al., 2013). NNV infects
10 marine fish families from the Indo-Pacific and the
Mediterranean (Toffan et al., 2017). This virus infects
the central nervous system, causing cellular vacuola-
tion in the brain in larvae, the retina of the eye, and
reproductive organs in adult fish (Yang et al., 2022).
VNN disease is characterized by abnormal swimming
behavior and high mortality (=90%), especially infect-
ing almost all stages of fish growth (larvae and juve-
niles) (Sembiring et al., 2018; Shetty et al., 2012).

Evaluation on the blood profiles can be useful in
monitoring the health of fish, such as catfish infected
with Aeromonas hydrophila (Suprapto et al., 2017).
Gene expression analysis is one method for measur-
ing the immune response at the molecular level. Im-
mune-related genes have a crucial role in preventing
disease infection. Cytokines, which include interleukin
1 (IL1), interleukin 8 (IL8), tumor necrosis factor-al-
pha (TNF), CXC2-and CC-chemokines, interferons
(IFN), and myxovirus resistance (Mx), are immune
modulators that regulate immune responses and ef-
fector phases in innate and adaptive immunity (Xu et
al., 2013). IL1B in early response is secreted when
pathogens infect the body (Angosto et al., 2012). In-
duction of TNFa, IL1B was reported to play an im-
portant role in the immune response in grouper,
gilthead sea bream, and pompano NNV-infected (Wang
et al., 2019; Chiang et al., 2017; Poisa-Beiro et al.,
2008), and induction of MHC-lla. expressed was re-
ported in rainbow trout Oncorhynchus mykiss in-
fected by novirhabdovirus (IHNV) (MacKenzie et al.,
2008). This research aims to evaluate the resistance
to NNV and immune-related gene expression of
Situbondo and Australian barramundi. Evaluation of
the resistance of the barramundi populations post-
infection of NNV virus has not been reported.

MATERIALS AND METHODS

Fish and Experimental Condition

The fingerling barramundi, (body length:
0.76+0.09 cm) was obtained from the Situbondo
brackish-water Aquaculture Development Center, for
the Situbondo population, and the Lampung Maricul-
ture Development Center for the Australian popula-
tion. The fingerling then was reared for 60 days by
flowthrough system consisting of similar tanks (1000
L capacity) with a flow rate of 4 L min*. The tempera-

(Fitriyah Husnul Khotimah)

ture of water rearing was 29.2+1.2°C with a salinity
of 33.0+1.0g L™

NNV Preparation and Challenge Test

The NNV inoculum for the challenge test origi-
nated from infected barramundi’s eyes and brain or-
gans, which had been confirmed by PCR method. The
organs were homogenized and crushed in sterile phos-
phate buffer saline (PBS). The dose was obtained from
the LD70 test for each fish population. The homoge-
nate was centrifuged at 7500 rpm for 10 minutes at a
temperature of 4°C. The supernatant was filtered with
a 0.45 um millipore filter, then the NNV homogenate
was stored at -80°C until it was used.

A total of 240 barramundi (BL: 7.2 = 0.3 cm; BW:
of 5.1 & 0.11 g) was used in the challenge test. The
challenge test was divided into 4 groups, namely AT
(Australian fish population, infected with NNV); AK
(Australian population without challenge test, injected
with PBS); ST (Situbondo population infected with
NNV); and SK (Situbondo population without NNV
infection), each consisting of 10 fish, with six repli-
cations. The fishes were anesthetized using 4-Allyl-
2-methoxy phenol (Eugenol) by Merck (200 L L™ sea-
water, for 1 minute) before being injected with NNV
and PBS. AT and ST fish were challenged by injecting
100 L fish* of NNV using a sterile syringe by intra-
peritoneal (IP) route. AK and SK fish were injected
with 100 pL fish™ PBS. Fish are challenged in aquaria
(60 x 50 x 40 cm) with strong aeration. The fish were
fed once a day at apparent satiation. Fish mortality
was observed every day for 14 days.

Furthermore, the replacement of water in the rear-
ing tanks of as much as 30% of the total volume was
conducted every day to maintain water quality,
whereas the water quality was maintained in the nor-
mal range for barramundi culture.

Response and Clinical Symptoms Observation

Clinical symptoms were observed every day for
14 days of observation. The data is interpreted de-
scriptively. Parameters observed included swimming
activity, feeding response, and changes in the body
color of the treated fish (Sembiring et al., 2018).

The fish with a response and clinical symptoms of
NNV infection was verified molecularly using the RT-
PCR method. Five dead barramundis’ eyes and brain
organs were mixed into one microtube for VNN de-
tection (Mahardika et al., 2020). According to the
protocol, RNA from the NNV virus was extracted us-
ing Trisure (Bioline, UK). Synthesis of cDNA using a
reverse transcription system (Promega) kit accord-
ing to the procedure. The cDNA samples were kept
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at -20 °C until they were used. NNV detection was
carried out following the procedure of Novriadi et al.
(2015) and using a pair of primers F2 (5'-
CGTGTCAGTCATGTGTCGCT-3") and R3 (5'-
CGAGTCAACACGGGTGAAGA-3’) (Koesharyani &
Novita, 2006).

Measurement of Hematological Parameters

Blood samplings were collected at 0, 48, 96, 144,
and 192 hours post-infection and it was done by ran-
dom sampling of three individuals per
treatment. Firstly, the fish were anesthetized using
4-Allyl-2-methoxy phenol Eugenol by Merck (200 pL L*
seawater, for 1 minute) and the blood collection was
carried out at the bottom of the lateral line in the
caudal fin, namely through the caudal vein using a 1
mL sterile syringe. The sterile syringe had previously
been rinsed using heparin as an anticoagulant. The
blood profiles observed were red blood cells (RBC)
and white blood cells (WBC). Total RBCs and WBCs
were calculated using a hemocytometer (Johnny et
al., 2003).

MHClla, TNFa, and IL1-B Gene Expression
Levels

Samples of fish head-kidney, spleen, and livers
from each group were isolated at 0, 48, and 96 hours
post-NNV infection (n= 3 for each time point). Be-
fore organ target collection, the fish were anesthe-
tized using 4-Allyl-2-methoxy phenol Eugenol by Merck
(200 mL L* seawater, for 1 minute). The organs were
collected and stored in Trisure reagent (Meridian Bio-
science Asia Pte Ltd, Singapore) and kept at 80°C
before the gene expression analysis. Total RNA was
extracted using Trisure reagent (Meridian Bioscience
Asia Pte Ltd, Singapore) following the manufacturer’s
instructions. The spectrophotometry method mea-
sured RNA concentration at 260 and 280 nm. The
cDNA synthesis was carried out from 20 ng mL* total
RNA using the sensiFAST™ cDNA synthesis kit (Bioline,
UK) following the manual procedure. Gene expres-
sion analysis was performed using the quantitative
real-time polymerase chain reaction (qPCR) method.
The gPCR process was carried out on an ABI PRISM
7500 machine (Applied Byosystems, Inc. USA) using
the 5x Hot Firepol Evagreen gPCR mix (Rox) kit (Solis
biodyne, Estonia). The reaction volume for cDNA
amplification was 20.0 mL with a final concentration
of 1x hot master mix (Rox), 10 pmol F/R primer pair
(Table 1) each 250 nM, NFW (Nuclease Free Water)
was added to a volume of 20 mL and cDNA (0.01 ng
mL?). The gPCR program was set as follows: initial
denaturation of 95°C for 15 minutes, followed by 40
cycles: 95°C for 15 seconds, the annealing tempera-
ture of 60°C for 30 seconds, and a final extension
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temperature of 72°C for 20 seconds. Gene expres-
sion levels compared to the AT or ST fishat O h. The
expression levels of all the genes were analyzed ac-
cording to the 2+ method (Livak & Schmittgen,
2001) after normalization with the elongation factor
la (EF1la) gene.

Survival Rate Observation

Survival rate (SR) was calculated at the end of the
challenge test with the following equation:

SR (%) = {M X 100}

(No)
where:
Nt = is the number of fish that live at the end of the study
(individual)
No=is the number of fish at the beginning of the study
(individual)

Data Analysis

The data were analyzed using the SPSS version 20
program (SPSS, Inc., USA) to see differences between
treatments using the One-way ANOVA method
followed by Duncan’s posthoc test analysis.

RESULTS AND DISCUSSION

Visual Response

Visual response of barramundi post NNV infec-
tion are shown in Table 2. The results of clinical signs
observed in barramundi post-NNV infection showed
that fish that were suspected to be positively infected
with NNV decreased appetite to eat at 48 hpi, started
to be solitary at 96 hpi, darkened body color at 72
hpi, and often showed abnormal swimming behavior
at 120 hpi for the AT barramundi. The body color is
darker for the ST barramundi at 96 hpi.

Confirmation of the presence of the virus in the
treatment of NNV infection was carried out by the
RT-PCR method (Figure 1). The fish that died during
the study indicated that the barramundi was posi-
tively infected with VNN, as shown in Figure 1 sample
number 1 and 2.

The clinical symptoms of various fish species in-
fected by NNV are different. The barramundi NNV-
infected showed clinical symptoms; the fish looked
lethargic and floated on the surface with hyperinfla-
tion of the swim bladder according to Munday et al.
(2002). The clinical symptoms of barramundi in this
study have shown the swim bladder of this fish is not
enlarged. VNN disease can infect the brain. It can cause
fish to swim around in circles, loss of appetite, hy-
peractivity, and sporadically swimming (Sudaryatma
et al., 2012; Sembiring et al., 2018).
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Table 1. Primer sequences used in the study

Sequence
6’ -3)
F: CTGGATGGTGAAGAGAAGTG

- i l.(201
MHClla R TGGAAGGAGGATCATTGTC 60  Mohd-Shaharuddin etal. (2013)

F: CGAGGGCAAGACTTTCTTTG .
B I (2
TNFa R: GCACTGCCTGTTCAGCTACA 60 Poisa-Beiro etal. (2008)

F: CAGGACTCCGGTTTGAACAT .
L1 Poisa-Beiro etal. (2008
B R: GTCCATTCAAAAGGGGACAA 60 oisa-Beiro etal. (2008)

F: GCTTCGAGGAAATCACCAAG
(2011
EFla R: CAACCTTCCATCCCTTGAAC 60 Geay etal. (2011)

Gene

™m (°C) Reference

Table 2. Response of barramundi post-NNV infection

Population Movement activity Feeding response Discoloration

AT Atotal of 1-4 individuals begin  Loss of appetite at A total of 1-2 individuals’
solitary and weakening at 96 48 hpi pigmentation in the body
hpiand 1-3 individuals swim at 72 hpi
abnormally at 120 hpi.
Always active swim Response to feed  The body color silver
Atotal of 1-2 individuals begin  Loss of appetite at A total of 1-3 individuals’
solitary and weakening at 96 48 hpi pigmentation in the body
hpiand 1-2 individuals swim at 96 hpi
abnormally at 120 hpi.

SK Always active swim Response to feed  The body color silver

Description: AT =Australian fish population infected with NNV)
AK=Australian population injected with PBS without a challenge test)
ST =Situbondo population infected with NNV)
SK =Situbondo population not infected with NNV)

Figure 1.  Confirmation of NNV in barramundi L. calcalifer after challenge.
Description M: marker (100 bp); 1 and 2: NNV-infected barra-
mundi (n= 5, pool). K is for non-infected barramundi (PBS);
K+ is for NNV positive control. Positive NNV is represented
by a line (band) of 426 bp.
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Fish Blood Profiles

The blood profiles of AT and ST barramundi post-
NNV infection was presented in Table 3. The number
of red blood cells decreased at 48-96 hpi, then started
to increase again at 144 hpi for the ST barramundi,
while for AT barramundi an increase in red blood cells
was observed at 192 hpi. The red blood cell count of
ST barramundi at 96 hpi was higher (P<<0.05) than AT
barramundi. The number of white blood cells in ST
barramundi at 48 hours was higher (P<<0.05) than in
AT but started to decrease at 96 hpi in ST fish, while
the total white blood cells count in AT barramundi
increased from 48 to 192 hpi.

The decrease in the number of RBCs at 48 hpi
corresponded to the clinical symptoms of the test
fish, loss of appetite at 48 hpi; the expression of TNFa
and IL14 increased, while the expression of MHCII&
decreased. This is following the results of research
by Bailone etal., (2010), who reported that a decrease
in the number of erythrocytes and hemoglobin levels
of tilapia Oreochromis niloticus could be caused by
infection with the bacterium Aeromonas hydrophila.

The decrease in the number of RBCs causes the
fish to become hypoxic, and anemic, and the meta-
bolic system is disturbed, which is characterized by
decreased appetite. Disruption of the metabolic sys-
tem causes the body’s immunity to decrease, mak-
ing it susceptible to disease and causing death.

An increase in the WBCs count indicates a fish
body response to NNV infection. The decreased WBC
count indicated that the recovery of WBC in ST fish
was faster than in AT fish. The number of WBCs in-
creased in the African catfish Clarias gariepinus against
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an Aeromonas hydrophila bacterial infection (Suprapto
et al., 2017). The WBCs count is used as an indicator
of the health status of several fish species because it
provides information related to the tolerance of in-
fectious diseases such as viruses and bacteria or stres-
sors in fish (Daneshvar etal., 2012; Santos et al., 2012;
Sayed & Moneeb, 2015).

Immune Gene Expression

The gene expression of MHClla,, TNFa, and IL1$
of ST and AT barramundi population post-NNV infec-
tion are shown in Figure 2. ST barramundi had a
higher MHCIlo. gene expression level than AT barra-
mundi at 96 hpi (p<<0.05). The highest level of MHClla
expression at 96 hpi occurred in the head kidney of
fish from the local population of Situbondo
(6.44x1.12-fold change), followed by the liver
(4.63%1.36-fold change) and spleen (2.29+0.23-fold
change). The MHClla. gene plays a role in the specific
immune response and resistance of barramundi after
NNV infection. In general, the level of gene expres-
sion in specific immunity shows a low value at the
beginning of infection.

The ST barramundi had a higher TNFo expression
than the AT barramundi (p<<0.05). The results of this
study showed that the gene expression level of ST
barramundi was significantly higher than that of AT
barramundi at 48 hpi. This high level of expression is
a response to an NNV infection that triggers the im-
mune system. The highest induction of TNFa expres-
sion at that hour occurred in the head kidney of ST
barramundi (18.13+4.19-fold change), followed by the
liver (10.84+1.78-fold change) and spleen (8.2740.52-
fold changes).

Table 3. Red blood cell (RBC) and white blood cell (WBC) of barramundi Lates calcarifer post-

NNV infection

Time after infection (hours)

Parameters  Treatments
0 48 96 144 192

RBC AT 3.44+039% 2.43+0.05° 1.44+006° 1.84+0.09° 2.28+0.06%
(x106 cell mm-3) AK 3.49+0.11% 3.40+0.11%* 3.58+0.08° 3.36+0.12° 3.52+0.10°
ST 3.474+0.06% 2.40+0.05° 1.91+009° 2.22+0.03° 2.52+0.05°
SK 3.4440.09% 3.2540.10° 3.36+1.14° 3.31+0.23° 3.54+0.15°
WBC AT 1.1240,03% 1.23+0.03° 1.732+0.08° 1.70%0.05° 1.6320.03°
(x106 cell mm-3) AK 1.13+0.08* 1.12+0.06* 1.12+0.08% 1.12+40.03* 1.13+0.12?
ST 1.1240.03% 1.68+0.28° 1.50+0.05" 1.55+0.15" 1.40+0.05°
SK 1.1240.06% 1.1240.03% 1.124+0.08% 1.10+0.10° 1.12+0.08°

Descriptions: The same letters in the column bar on the same parameter and hour (mean+SD, n=3)
indicated no significant differences (P>0.05). AT (Australian fish population infected with
NNV); AK (Australian population injected with PBS without a challenge test); ST (Situbondo
population infected with NNV); and SK (Situbondo population not infected with NNV)
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MHClla

(Fold change)
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AK SK AS SS AL SL AK SK AS SS AL SL
48H 96H

MHClla gene expression level

Time exposure (hours post NNV infection)

N
(&)

TNFa

N
o

(Fold change)

sy [T

AK AK AS SS AL SL AK AK AS SS AL SL
48H 96H

TNFa gene expression level

Time exposure post NNV infection

IL1B

(Fold change)

AK SK AS SS AL SL AK SK AS SS AL SL

48H 96H

IL1B gene expression levels

Time exposure (hour post NNV infection)

Gene expression data are shown as mean & SD (n=3) after
normalization with the elongation factor 1o (EFla) gene, the
expression levels of all the genes were compared to the ex-
pression levels at 0 hpi. Values in the same bar and popula-
tion followed by the same letter in different populations and
at the same hour showed no significant difference (P=0.05).
AK (Head kidney AT barramundi); SK (head kidney ST barra-
mundi), AS (Spleen AT barramundi), SS (Spleen ST barramundi),
AL (Liver AT barramundi), SL (Liver ST barramundi), Major his-
tocompatibility complex class lla (MHClla), tumor necrosis
factor alpha (TNFa) and interleukin-1-beta (IL1p).
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ST barramundi had a higher IL1J gene expression
level than AT (p<<0.05). The expression level of this
gene was highest at 48 hpi. The highest induction of
IL1B expression at that hour occurred in the head
kidney of ST barramundi (5.31+0.18-fold change),
followed by the liver (2.94%0.62-fold change) and
spleen (0.72+0.10-fold change). TNFoeand IL1j3 gene
expression were higher at 48 hpi and decreased at 96
hpi for both populations. TNFo and IL1J are the non-
specific immune system. Thus, it is most likely that
the non-specific immune system responds early in
the infection, and then the specific immune system
works after the non-specific immune system. This is
because the immune system has recognized the NNV
that has infected barramundi and given it a cytokine
signal.

This study’s results align with Elbahnaswya &
Elshopakey (2020) that when the immune system rec-
ognizes the pathogen, it will signal cytokines, acti-
vate TNFa and provide an immune response. The
body can eliminate the pathogen without causing in-
flammation or tissue damage. Poisa-Beiro et al. (2008)
also reported that Dicentrarchus labrax after being
infected with a nodavirus showed an increased ex-
pression pattern at 72 hpi, then it decreased at 120
hpi for TNFa and IL1p3. The results of this study
showed a decrease in TNFa and IL13 gene expres-
sion at 96 hpi.

IL1B is a proinflammatory cytokine that plays a
role in controlling infection homeostasis, the me-
diator of inflammation and tissue repair. This gene
plays an important role in the inflammatory response

Indonesian Aquaculture Journal, 17 (2), 2022, 97-106

as the initiator of the other cytokines during inflam-
mation. As the results from the study of barramundi
post-NNV infection, it is assumed that NNV infec-
tion triggers inflammation in the tissue and causes
brain damage. Inflammation is a response of the im-
mune system to maintain fish survival during infec-
tion.

Fish Mortality

The mortality of Situbondo (ST) and the Austra-
lian barramundi (AT) that were challenged for 14 days
is presented in Figure 3. ST and AT barramundi be-
gan to die on the 5" day, at 4% and 6%, respective-
ly. There were no deaths in the ST barramundi after
the 10" day, while the AT barramundi did not die af-
ter the 12" day. The peak of mortality for both ST
and AT barramundi occurred at 168 hpi. The survival
of ST barramundi was 42.00%+4.47% at the end of the
observation, two times higher (P<<0.05) than AT bar-
ramundi, with a survival of 20.00%4.47%. The fish
injected with PBS were all alive.

Based on observations, it was shown that barra-
mundi from both populations began to die at 120
hpi. This virus can be transmitted to healthy fish
within 4 days. An increase in the white blood cell
count indicates a response from the fish body to NNV
infection. The number of deaths began to decrease
at 192 hpi for ST barramundi, while the decrease in
mortality for AT barramundi occurred after the 10"
day. These results are consistent with a significant
increase in the RBC count between populations at
144 to 192 hpi and a decrease in the white blood cell
count from 96 to 192 hpi between populations.

=¥ AT cmiime AK—r— ST —2— SK

100
90
80
70
60
50
40
30
20
10

Mortality accumulated (%)

D i =2 L

it

336

Figure 3.

0 24 48 72 96 120 144

Hours post NNV infection

Mortality of barramundi post-NNV infection. Data is shown

as fish survival mean = SD (n=3). AT (Australian fish popu-
lation infected with NNV); AK (Australian population injected
with PBS without a challenge test); ST (Situbondo popula-
tion infected with NNV); and SK (Situbondo population not

infected with NNV).
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These results indicate the important roles of
genes in barramundi’s immune response against viral
infection. These results are a response to NNV infec-
tion that triggers the immune system, so the
Situbondo barramundi is more resistant to NNV in-
fection than the Australian barramundi. Based on
these results, Situbondo barramundi (ST) has the
potential to be used as a candidate for generating
broodstock of disease-resistant varieties.

CONCLUSIONS

Overall, the number of red blood cells, and white
blood cells, also MHClla,, TNFa, and IL1J gene ex-
pression values of Situbondo barramundi (ST) popu-
lation were higher than those of the Australian barra-
mundi (AT) population. The Situbondo barramundi is
more resistant to NNV infection than the Australian
barramundi.

ACKNOWLEDGEMENTS

Acknowledgments are due to the Agency for Ma-
rine and Fisheries Research and Human Resources of
the Ministry of Marine Affairs and Fisheries (KKP),
Institute for Mariculture Research and Fisheries
Extention, Buleleng-Bali.

REFERENCES

Abdullah, A., Ramli, R., Ridzuan, MSM., Murni, M.,
Hashim, S., Sudirwan, F, Abdullah, S.Z., Mansor,
N.N., Amira, S., Saad, M.Z., & Amal M.N.A. (2017).
The presence of vibrionaceae, betanodavirus and
iridovirus in marine cage cultured fish: Role of
fish size, water physicochemical parameters, and
relationships among the pathogens. Aquaculture
Reports, 7, 57-65. https://doi.org/10.1016/
j-aqrep.2017.06.001.

Angosto, D., Lopez-Castejon, G., Lopez-Mufioz, A.,
Sepulcre, M.P., Arizcun, M., Meseguer, J., &
Mulero, V. (2012). Evolution of inflammasome func-
tions in vertebrates: Inflammasome and caspase-
1 trigger fish macrophage cell death but are dis-
pensable for the processing of IL-14. Innate Immun,
18, 815-824. https://doi.org/10.1177/
1753425912441956.

Bailone, R.L., Martins, M.L., Mourifio, J.L.P, Vieira,
FN., Pedrotti, F.S., Nunes, G.C., & Silva, B.C.
(2010). Hematology and agglutination titer after
polyvalent immunization and subsequent challenge
with Aeromonas hydrophila in Nile tilapia
Oreochromis niloticus. Arch Med Vet, 42, 221-
2217. https://dx.doi.org/10.4067/S0301-
732X2010000300015.

(Fitriyah Husnul Khotimah)

Chiang, Y., Wu, Y., & Chi, S. (2017). Interleukin-1b
secreted from betanodavirus-infected microglia
caused the death of neurons in giant grouper
brains. Development and Comparative Immunol-
ogy, 70, 19-26. Doi: 10.1016/j.dci.2017.01.002.

Daneshvar, E., Ardestani, M.Y., Dorafshan, S., & Mar-
tins, M.C. (2012). Hematological parameters of
Iranian cichlid Iranocichlahormuzensis Coad 1982,
Perciformes in Mehran River. An Acad Bras Cienc,
84(4), 943-949. DOI: 10.1590/s0001-
37652012005000054.

Domingos, J.A., Smith-Keune, C., Robinson, N.,
Loughnan, S., Harrison, P., & Jerry, DR. (2013).
Heritability of harvest growth traits and geno-
type environment interactions in barramundi,
Lates calcarifer (Bloch). Aquaculture, 402, 66-75.
https://doi.org/10.1016/j.aquaculture.2013.03.029.

Elbahnaswya, S., & Elshopakey, G. (2020). Differential
gene expression and immune response of Nile
tilapia (Oreochromis niloticus) challenged intrap-
eritoneally with Photobacterium damselae and
Aeromonas hydrophila demonstrating immuno-
suppression. Aquaculture, 526, 735364 https://
doi.org/10.1016/j.aquaculture. 2020.735364.

Fu, G.H., Bai, Z.Y., Xia, J.H., Liu, F, Liu, P., & Yue,
G.H. (2013). Analysis of two lysozyme genes and
antimicrobial function of their recombinant pro-
tein in Asian seabass. Plos One, 8(11), 1-12. https:/
/doi.org/10.1371/journal.pone.0079743.

Geay, F., Ferraresso, S., Zambonino-Infante, J.L.,
Bargelloni, L., Quentel, C., Vandeputte, M.,
Kaushik, S., Cahu, C., & Mazurais, D. (2011).
Effects of the total replacement of fish-based diet
with plant-based diet on the hepatic transcriptome
of two European sea bass (Dicentrarchus labrax)
half-sibfamilies showing different growth rates
with the plant-based diet. BMC Genomics,12,1-18.
DOI: 10.1186/1471-2164-12-522.

Jerry, D.R. (2014). Biology and culture of Asian Seabass
(p. 1-314). CRC Press.

Johnny, F, Zafran, Roza, D., & Mahardika, K. (2003).
Hematology of some aquacultured marine fish spe-
cies. Jurnal Penelitian Perikanan Indonesia. 9(4):
63-71. http://dx.doi.org/10.15578/jppi.9.4.2003.
63-71.

Koesharyani, I., & Novita, H. (2006). Nested reverse
transcriptase polymerase chain reaction (Nested
RT-PCR) of viral nervous necrosis in humpback
grouper, Cromileptes altivelis. Jurnal Riset
Akuakultur, 1(3), 381-386.

Copyright @ 2022, Indonesian Aquaculture Journal, p-ISSN 0215-0883; e-ISSN 2502-6577



https://doi.org/10.1016/
https://doi.org/10.1177/
https://dx.doi.org/10.4067/S0301-
https://doi.org/10.1016/j.aquaculture.2013.03.029.
https://
http://dx.doi.org/10.15578/jppi.9.4.2003.

Liu, P, Wang, L., Kwang, J., Yue, G.H., & Wong, S-M.
(2016). Transcriptome analysis of genes respond-
ing to NNV infection in Asian seabass epithelial
cells. Fish Shellfish Immunol, 54, 342-352. https:/
/doi.org/10.1016/j.fsi.2016.04.029.

Livak, K.J., & Schmittgen, T.D. (2001). Analysis of rela-
tive gene expression data using real-time quanti-
tative PCR and the 2-AACT method. Methods,
25(4),402-408. DOI: 10.1006/meth.2001.1262.

MacKenzie, S., Joan C. Balasch, J.C., Novoa, B., Ribas,
L., Roher, N., Krasnov, A., & Figueras, A. (2008).
Comparative analysis of the acute response of the
trout, O. mykiss, head kidney to in vivo challenge
with virulent and attenuated infectious hemato-
poietic necrosis virus and LPS-induced inflamma-
tion. BMC Genomics, 9, 141 DOI: 10.1186/1471-
2164-9-141.

Mahardika, K., Mastuti, I., Roza, D., Syahidah, D.,
Astuti, WW,, Ismi, S., & Zafran. (2020). Monitor-
ing the incidence of marine fish diseases in hatch-
eries and floating net cages in North Bali coastal
water. Jurnal Riset Akuakultur, 15(2), 89-102. http:/
/dx.doi.org/10.15578/jra.15.2.2020.89-102.

Mohd-Shaharuddin, N., Mohd-Adnan, A., Kua, B., &
Nathan, S. (2013). Expression profile of immune-
related gene in Lates calcarifer infected by
Cryptocaryon irritans. Fish Shellfish Immunol, 34,
762-769.DOI: 10.1016/.fsi.2012.11.052.

Munday, B.L., Kwang, J., & Moody, N. (2002).
Betanodavirus infections of teleost fish: a review.
Journal of fish Diseases, 25(3), 127-142. DOI:
10.1046/j.1365-2761.2002.00350.x.

Novriadi, R., Agustatik, S., & Dwi, T.O.N. (2015). Iden-
tification of the presence of viral nervous necro-
sis and iridovirus in marine fish culture in the
working area of the Batam Marine Aquaculture
Center. Omni-Akuatika, 14(20), 54-62.

Poisa-Beiro, L., Dios, S., Montes, A., Aranguren, R.,
Figueras, A., & Novoa, B. (2008). Nodavirus in-
creases the expression of MX and inflammatory
cytokines in fish brains. Molecular Immunology,
45, 218-225. https://doi.org/10.1016/
j-molimm.2007.04.016.

Santos, A.A., Ranzani-Paiva, M.J.T., Veiga, M.L.,
Faustino, L., & Egami, M.1. (2012). Hematological
parameters and phagocytic activity in fat snook
Centropomus parallelus bred in captivity. Fish
Shellfish Immunol, 33, 953-961. DOI: 10.1016/
j.f5i.2012.08.005.

Indonesian Aquaculture Journal, 17 (2), 2022, 97-106

Sayed, A.E.H., & Moneeb, R.H. (2015). Hematologi-
cal and biochemical characters of monosex tilapia
Oreochromis niloticus Linnaeus 1758 cultivated
using methyltestosterone. J. Basic Applied Zool,
72, 36-42. https://doi.org/10.1016/
j-jobaz.2015.03.002.

Sembiring, S.B.M., Wibawa, G.S., Mahardika, K.,
Widyastuti, Z., & Haryanti. (2018). Infection preva-
lence of viral nervous necrosis (VNN) and
iridovirus in hatcheries and mariculture. Media
Akuakultur, 13(1), 1-9. http://dx.doi.org/10.15578/
ma.13.2.2018.83-90.

Sharma, S.R.K., Pradeep, M.S., Dube, P.N., Kumar,
T.VA., Kumar, R., & Swaminathan, T.R. (2019).
Betanodavirus-associated mortality in Asian
seabass (Lates calcarifer, Bloch) cultured in indoor
tanks and sea cages. Aquaculture International, 27,
279-289.D0I:10.1007/s10499-018-0322-7.

Shetty, M., Maiti, B., Santhosh, K.S., Venugopal, M.N.,
& Karunasagar, |. (2012). Betanodavirus of marine
and freshwater fish: distribution, genomic orga-
nization, diagnosis and control measures. Indian
J. Virol, 23, 114-123. DOI: 10.1007/s13337-012-
0088-x.

Sudaryatma, P.E., Lestari, A.T., Sunarsih, N.L.,
Widiarti, K.S., Hidayah, S.N., & Srinoto, D. (2012).
Immunocytochemistry streptavidin-biotin: early
detection of viral nervous necrosis in the mu-
cous of the tiger grouper (Epinephelus
fuscoguttatus). Jurnal Sain Veteriner, 30, 99-109.

Suprapto, R., Alimuddin, Nuryati, S., Imron, Marnis,
H., & Iswanto, B. (2017). MHC-II Marker potential
linked to motile aeromonad septicaemia disease
resistance in African catfish (Clarias gariepinus).
Indonesian Aquaculture Journal, 12(1), 21-28. http:/
/dx.doi.org/10.15578/iaj.12.1.2017.21-28.

Toffan, A., Pascoli, F, Pretto, T., Panzarin, V., Abbadi,
M., Buratin, A., Quartesan, R., Gijon, D., & Padros,
F (2017). Viral nervous necrosis in gilthead sea
bream (Sparus aurata) caused by reassortant
betanodavirus RGNNV/SINNV: an emerging threat
for Mediterranean aquaculture. Scientific Report,
7,46755:1-12.DOI: 10.1038/srep46755.

Wang, L., Tian, Y., Cheng, M., Li, Z., Li, S., Wu, Y.,
Zhang, J., Ma, W., Li, W., & Pang, Z. (2019).
Transcriptome comparative analysis of immune
tissues from asymptomatic and diseased
Epinephelus moara naturally infected with nervous
necrosis virus. Fish Shellfish Immunol, 93, 99-107.
DOI: 10.1016/j.fsi.2019.07.020.

Copyright @ 2022, Indonesian Aquaculture Journal, p-ISSN 0215-0883; e-ISSN 2502-6577

105


https://doi.org/10.1016/
https://doi.org/10.1016/
http://dx.doi.org/10.15578/

Evaluation of resistance and gene expression of barramundi (Fitriyah Husnul Khotimah)

Wu, Y., Kai, Y., & Chi, S. (2013). Persistently  Yang, Z., Yue, G.H., & Wong, S.M. (2022). VNN dis-
betanodavirus-infected barramundi (Lates calcarifer) ease and status of breeding for resistance to NNV
exhibit resistances to red sea bream iridovirus in aquaculture. Aquaculture and Fisheries, 7, 147-
infection. Developmental and Comparative Immunol- 157. https://doi.org/10.1016/j.aaf.2021.04.001.
0gy, 41, 666-674. https://doi.org/10.1016/ Ye, B., Wan, Z., Wang, L., Pang, H., Wen, Y., Liu, H.,
J-dci.2013.06.011. Liang, B., Lim, H.S., Jiang, J., & Yue, G. (2017).

Xu, H., Shao, X.L., Zhang, Z., Zou, Y.M., Wu, X.Y,, & Heritability of growth traits in the Asian seabass
Yang, L.Q. (2013). Oxidative stress and immune- (Lates calcarifer). Aquaculture and Fisheries, 2,
related gene expression following exposure to di- 112-118. https://doi.org/10.1016/j.aaf.2017.06.001.
n-butyl phthalate and diethyl phthalate in zebrafish
embryos. Ecotoxology Environmental Safety, 93, 39-
44.doi: 10.1016/j.ecoenv.2013.03.038.

Copyright @ 2022, Indonesian Aquaculture Journal, p-ISSN 0215-0883; e-ISSN 2502-6577



https://doi.org/10.1016/
https://doi.org/10.1016/j.aaf.2021.04.001.
https://doi.org/10.1016/j.aaf.2017.06.001.

