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Introduction

Abstract

Intensive farming systems in tilapia (Oreochromis niloticus) increase susceptibility to
Aeromonas hydrophila infection, which compromises fish health and survival. This
study investigated immune gene expression (/L-16 and LYSC) and non-specificimmune
responses in four black tilapia strains—MAG NIN, BIG NIN, GIFT, and SAKTI—following
bacterial challenge. A completely randomized design with five treatments and five
replications was employed. Fish were intramuscularly injected with A. hydrophila at
the LDso dose of 106 CFU mL™" (0.1 mL/fish). Data were analyzed by ANOVA at a 95%
confidence level, followed by Duncan’s test. Results revealed that the SAKTI strain
demonstrated the highest resistance, achieving a significantly greater survival rate
(53%) compared with other strains (P<0.05). This superior resistance corresponded
with enhanced non-specific immunity, as indicated by phagocytic activity that
increased until day 14 (52%) and lysozyme levels that peaked at day 7 (0.18+0.00).
Additionally, SAKTI tilapia exhibited stable expression of IL-1B (2.0+£0.15) and LYSC
(- 1.240.01), unlike the pronounced decline observed in BIG NIN and MAG NIN. These
findings suggest that the SAKTI strain holds potential as a genetic resource for selective
breeding programs aimed at improving resistance to A. hydrophila infection in tilapia
aquaculture.

was first introduced to Indonesia (Bogor) in 1969 for
aquaculture purposes (Nugroho et al., 2017). Since then,

Aquculture is one of the fastest growing sectors of
the  global fisheries  cultivation production.
Approximately 40% of fish from aquaculture is
originated from tilapia production. Aquacuture is
currently playing, and will continue to play, a big part in
boosting global fish production and in meeting the rising
demand of fishery product (Prabu et al., 2019). Tilapia
(Oreochromis niloticus) is an economically important
freshwater aquaculture species in Indonesia, known for
its ability to tolerate environmental fluctuations and
high stocking densities (Ahmed et al., 2021). Nile tilapia
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various tilapia strains produced through selective
breeding programs have been released to enhance
aquaculture production, improve farmers’ income, and
support rural livelihoods. Tilapia breeding programs in
Indonesia have predominantly focused on improving
growth performance. Several superior strains have been
developed and widely adopted by local farmers,
including the recently released SAKTI tilapia. The SAKTI
strain was officially recognized through the Decree of
the Minister of Marine Affairs and Fisheries No.
182/PERMEN-KP/2023. This strain represents a genetic
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improvement derived from crossbreeding Kenyan
tilapia, GIFT from the Philippines, Japanese JICA tilapia,
Jambi tilapia, and Sultana Sukabumi tilapia. SAKTI tilapia
exhibit a harvest weight of 226.15+7.02 g within 4-5
months of culture in grow-out ponds and show
resistance to A. hydrophila infection at 10° CFU/mL and
Streptococcus agalactiae at 108 CFU/mL.

In addition, several tilapia strains were officially
introduced in Indonesia in 2022, including MAG NIN, BIG
NIN, and GIFT (genetic improvement of farmed tilapia),
which are reported to possess superior growth
performance, enhanced disease resistance, and higher
fillet yields. At present, tilapia farming in Indonesia is
becoming increasingly intensive in line with national
aquaculture industrialization programs. This
intensification strategy primarily focuses on increasing
production through higher stocking densities. However,
elevated stocking densities may negatively affect fish
survival and health (Harikrishnan et al., 2011), as they
are associated with environmental stressors that can
compromise the immune system of cultured tilapia.

One of the main diseases in tilapia farming is motile
aeromonas septicemia, which is caused by the
bacterium A. hydrophila. This Gram-negative bacterium
produces hemolysin toxins and cytotoxic enterotoxins
that trigger systemic infections with symptoms such as
lesions on the body, bleeding, organ damage, and
eventually death (Derome et al., 2016; Azhar et al.,
2022). Infection with A. hydrophila can lead to high
mortality rates ranging from 50% to 100% (Nicholson et
al., 2019; Anggi et al., 2023), particularly when there is
an imbalance in the interactions between the
environment, host, and pathogen. Several disease
control measures, such as vaccination, are available;
however, their application remains limited in the market
and relatively expensive. In addition, vaccines generally
provide specific protection and cannot be transmitted to
offspring (Payung & Manoppo, 2015). Other control
strategies, such as the use of antibiotics, are also
practiced; nonetheless, they carry significant risks,
including the presence of residues in fish products, the
emergence of antimicrobial resistance, and negative
impacts on the aquatic environment (Mulia &
Vauziyyah, 2021; Azhar & Wirasisya, 2019). Therefore,
the development and use of fish seeds that are
inherently resistant to pathogenic infections is
considered a more sustainable and environmentally
friendly solution. This strategy can be realized through
DNA marker-based genetic selection targeting immune-
related genes, particularly those associated with disease
resistance (Pang et al., 2013).

One of the key genes involved in the the immune
response of fish interleukin-1 (/L-1f), a pro
inflammatory cytokine that plays a central role in
mediating host responses to infection, regulating
inflammatory processes, and activating immune cells
(Wangkahart et al.,, 2022). The IL-15 gene has been
identified and characterized in several fish species,
including American catfish (Engelsma et al.,, 2003),

Salmon (Husain et al., 2013) Trout (Pleguezuelos et al.,
2000), and carp (Engelsma et al., 2003; Fujiki et al.,
2000). In addition to /L-18, the lysozyme-C (LYSC) gene
represents another essential component of the fish
immune defense system. Lysozyme is a well-known
antimicrobial protein that functions in innate immunity
and is distributed in various organs, including the kidney,
liver, and leukocyte tissues (Biller et al., 2021; Meira et
al., 2023). Both type C and type G lysozymes have been
widely identified in fish species and are frequently used
as biomarkers of immune responses against infections
caused by both Gram-positive and Gram-negative
bacteria Nasrullah et al., 2020).

Given the high risk of A. hydrophila infection in
tilapia aquaculture and the recognized potential of
tilapia as a primary host for this pathogen, it becomes
essential to investigate the expression patterns of key
immune-related genes, such as /L-18 and LYSC, across
different tilapia strains. Therefore, the present study
was designed to analyze the susceptibility of four black
tilapia strains, namely MAG NIN, BIG NIN, GIFT, and
SAKTI, to A. hydrophila infection. The evaluation was
conducted based on multiple immunological and
physiological parameters, including survival rate, total
erythrocyte count, total leukocyte count, phagocytic
activity, lysozyme activity, and the expression profiles of
the LYSC (lysozyme type-C) and /L-16 genes.

Material and Methods
Fish and Bacteria Preparation

Four black Nile tilapia (Oreochromis niloticus)
strains, namely MAG NIN, BIG NIN, GIFT, and SAKTI,
were used as experimental animals in this study. The fish
had an average length of 7-8 cm, with mean body
weights of MAG NIN (11.99+0.09 g), BIG NIN
(12.11+0.35 g), GIFT (12.84+0.42 g), and SAKTI
(12.20+0.14 g). The fingerlings were obtained from the
Center for Freshwater Aquaculture Development,
Sukabumi, West Java, Indonesia. Fish were maintained
at the Wet Laboratory of Reproduction and Genetics of
Aquatic Organisms, Departement of Aquaculture,
Faculty of Fisheries and Marine Sciences, IPB University,
and fed with commercial diets twice daily at apparent
satiation. The fish were subsequently acclimatized for
two weeks in circular tanks with a volume of 0.88 m3.

The A. hydrophila isolate used for the challenge
test was obtained from the collection of the Laboratory
of Aquatic Organisms Health, Department of
Aquaculture, Faculty of Fisheries and Marine Sciences,
IPB University. Virulence testing of A. hydrophila was
performed by intamuscular injection of 0.1 mL per fish
of a bacterial suspension containing 1x10%® CFU mL™".
Nile tilapia exhibiting clinical signs of motile aeromonad
septicemia were sampled to obtain A. hydrophila
colonies. Bacterial reisolation was conducted by
streaking kidney tissue using a sterile inoculating loop
onto Rimmler Shott’s (RS) medium, followed by
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incubation for 24 h 27°C. Colonies grown on RS medium
were further sub-cultured onto trypticase soy agar to
obtain pure single colonies. The bacterial colonies were
confirmed by polymerase chain reaction (PCR) 685F (5’-
GAA-AGG-TTG-CCT-AAT-ACG-TA-3’) and 658R (5’-CGT-
GCT-GGC-ACC-AAA-GGA-GAG-3’) targeting a 685 bp
fragment (Altinok et al., 2008). Enumeration of A.
hydrophila colonies was carried out following the
method of Madigan (2003).

A. hydrophila Bacterial Infection

Infection of black Nile tilapia with A. hydrophila
was carried out by intramuscular injection using the LDso
dose obtained from the preliminary test, 10® CFU mL™
at 0.1 mL per fish. The experiment was conduted using
a completely randomized design consisting of five
treatments with five replicates, including the infection
of four black Nile tilapia strains (MAG NIN, BIG NIN, GIFT,
and SAKTI) with A. hydrophila at the LDso dose. As a
negative control, SAKTI tilapia were injected with
phosphate buffered saline (PBS) without A. hydrophila
inoculation. Observations were conducted for 14 days
using aquaria measuring 50x60x50 cm, each containing
30 fish, equipped with aeration. Water quality, including
temperature, pH, and dissolved oxygen (DO) were
measured twice daily at 07:00 and 17:00 WIB. Fish were
fed commercial diets twice daily at apparent satiation.
Water exchange was performed at 50% on day 3 (D3)
and 70% on days 7 (D7) and 10 (H10), while siphoning of
residual metabolites was carried out daily at 10%.

Immune Response Analysis

For consistency, kidney and blood samples were
collected from the same experimental fish at four times
intervals: prior to the challenge (DO) and at 3, 7 and 14
days post-challenge (D3, D7, and D14). Blood was
collected using a 1 mL syringe pre-rinsed with 3.8%
sodium citrate as an anticoagulant. Prior to blood
collection, fish were anesthetized with phenoxyethanol,
a commercial anesthetic,c to minimize stress.
Approximately 0.5 mL of blood was drawn from the
caudal vein and transferred into 1.5 mL microtubes.
Immune response parameters measured included total
erythrocyte and leukocyte counts following the method
of Hesser (1960), phagocytic activity calculated
according to Anderson and Siwicki (1995), and lysozyme
activity measured following Hanif et al. (2005). For
lysozyme activity, blood was collected without
anticoagulant and kept at room temperature.

Table 1. Primer for gene expression related to tilapia immunity

Immune Gene Expression Analysis

The immune-related genes investigated in this
study were LYSC (lysozyme C-type) and IL-18. Kidney
tissues for gene expression analysis were collected at
the baseline (D0) and subsequently on days 3, 7, and 14
post-challenge. Immediately after sampling, the tissues
were frozen in Genzel solution and preserved at —80 °C.
Total RNA was isolated using GENEzol reagent (Geneaid,
Taiwan) following the manufacturer’s guidelines, and its
concentration and  purity were determined
spectrophotometrically. Complementary DNA (cDNA)
was synthesized from RNA extracts (50 ng/pL) using the
ReverTra Ace qPCR RT Master Mix with gDNA Remover
(Toyobo, Japan), according to the supplier’s protocol.
The resulting cDNA was diluted tenfold with nuclease-
free water (NFW) and stored at —20°C until analysis. The
target genes included B-actin, IL-16, and LYSC. PCR
amplification was performed in a total volume of 20 uL
containing 10 pL of SensiFAST SYBR NO-ROX (Bioline,
UK), 4 uL of cDNA (5 ng/uL), 0.8 uL of each primer (10
uM), and 4.4 uL of NFW. Quantitative PCR (qPCR) was
carried out using a Linegen K Plus thermal cycler (Bioner,
China). Primer sequences employed in this study are
presented in Table 1. Relative expression of immune-
related genes was normalized to 8-actin and quantified
using the 2722t method (Livak & Schmittgen, 2001).

Data Analysis

The experimental data were tabulated in Microsoft
Excel and analyzed using IBM SPSS version 27. Analysis
of variance (ANOVA) was performed, followed by
Duncan’s multiple range test at a 95% confidence level
(P<0.05).

Results
Survival Rate (SR)

The highest daily mortality rate following the
challenge test was recorded in MAG NIN tilapia,
reaching 67% on day 10 of the observation period
(Figure 1). In contrast, the SAKTI control group without
bacterial exposure (-) exhibited no mortality from the
beginning of the maintenance period through to the end
of the 14-day post-challenge observation. Furthermore,
by day 11 post-challenge, mortality in the MAG NIN
group had ceased completely, whereas in the SAKTI
group exposed to A. hydrophila, mortality had already
terminated earlier, by day 7 post-challenge.

Gene Sequence (5'-3') Target fragment length (bp) Ref.
. F CCACACAGTGCCCATCTACGA .
B-actin R CCACGCTCTGTCAGGATCTTCA 11 (Monir et al., 2022)
F AAGATGAATTGTGGAGCTGTGTT
-1 R AAAAGCATCGACAGTATGTGAAAT 175 (Ren et al., 2020)
Lvsc F AAGGGAAGCAGCAGCAGTTGTG 151 (Monir et al,, 2022)

R CGTCCATGCCGTTAGCCTTGAG
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Cumulatively, all SAKTI (-) tilapia that were not
infected with A. hydrophila exhibited complete survival
throughout the observation period (Figure 2). In
contrast, SAKTI tilapia challenged with A. hydrophila
displayed a higher average survival (SR) of 53.33%
compared to the other tested tilapia strains (MAG NIN,
BIG NIN, and GIFT). Although the SR values of GIFT and
BIG NIN tilapia were not significantly different from each
other, both were significantly higher than those
recorded for MAG NIN tilapia (P<0.05).

Total Erythrocytes

At the initial time point prior to the challenge test
(DO0), GIFT tilapia exhibited the highest total erythrocyte
count (9.39x10° cells/mm?3), followed sequentially by
BIG NIN and MAG NIN, whereas the lowest value was
recorded in SAKTI tilapia (Figure 3). At D3 and D7 post-
challenge, the total erythrocyte counts in all tilapia
groups showed a marked decline relative to the initial
values at DO. Subsequently, by D14, the total
erythrocyte counts increased markedly, with SAKTI

tilapia displaying the highest values, followed by GIFT
tilapia, whereas BIG NIN and MAG NIN tilapia
maintained the levels that were relatively unchanged
from those observed at D7.

Total Leukocytes

At the initial observation prior to the challenge test
(DO), BIG NIN tilapia exhibited the highest total
leukocyte count (2.26x10* cells/mm3) (Figure 4). At D3
post-challenge, the highest leukocyte count was
recorded in SAKTI tilapia, followed sequentially by GIFT
and BIG NIN, whereas MAG NIN displayed the lowest
value. By D7, leukocyte counts in MAG NIN tilapia
continued to increase compared to D3, while those in
BIG NIN and GIFT tilapia remained relatively stable, and
SAKTI tilapia showed a decline. Furthermore, at D14,
leukocyte counts in BIG NIN tilapia continued to rise,
while MAG NIN and GIFT tilapia remained unchanged
relative to D7, and SAKTI tilapia exhibited a further
decrease compared to D7.

—¢— MAG NIN BIG NIN —h— GIFT == SAKTI == SAKTI (-)
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Figure 1. Daily mortality rates of four strains of black tilapia (Oreochromis niloticus) after challenge with Aeromonas hydrophila

during 14 days of maintenance.
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Figure 2. Survival rates of four strains of black tilapia (O. niloticus) after exposure to A. hydrophila during 14 days of cultivation.
Different letters above the bars indicate significant differences among strains (Duncan test, P<0.05).



Aquaculture Studies, 26(5), 608-617

612

AQUAST2919

Phagocytic Activity

At the initial stage prior to the challenge test (D0),
MAG NIN tilapia exhibited higher phagocytic activity
compared to the other strains (Figure 5). At D3 and D7
post-challenge, phagocytic activity showed a slight
increase relative to DO, with SAKTI and BIG NIN tilapia
demonstrating similar levels, both of which were higher
than those observed in MAG NIN and GIFT strains. By
D14, phagocytic activity was relatively uniform across all
strains and remained higher than that of the SAKTI
negative control.

Lysozyme Activity

Prior to the challenge test (D0), lysozyme activity
was highest in GIFT tilapia (0.30+0.00%), followed by
SAKTI and BIG NIN strains, whereas the lowest activity
was recorded in MAG NIN tilapia (Figure 6). Following

OMAG NIN & BIG NIN

Total erythrocytes (cells/mm”3)
O = N W M OO0 O N 0 ©O O

the challenge at D3 and D7, all strains exhibited a
reduction in lysozyme activity, with MAG NIN tilapia
showing the lowest levels. By D14 post-challenge,
lysozyme activity increased in all groups and was higher
than the levels observed at D7.

Gene Expression Analysis (/L-18 and LYSC)

At D3 post-challenge, the expression level of the /L-
1/ decreased in all tilapia strains, except in the SAKTI
infected with A. hydrophila (+). Moreover, by D7, IL-18
gene expression further declined across all tilapia strains
(Figure 7).

The level of LYSC gene expression in D3 post-
challenge decreased in all tilapia strains, with the lowest
levels found in GIFT and SAKTI tilapia. Furthermore, the
level of LYSC gene expression in D7 was relatively the
same as in D3, except in SAKTI tilapia without challenge,
which increased compared to D3 (Figure 8).

GIFT B SAKTI

@ SAKTI (-)

Day

Figure 3. Total erythrocyte counts of four strains of black tilapia (O. niloticus) before the challenge test (D0) and after A. hydrophila
infection (D3, D7, and D14). Different letters above the bars indicate significant differences among strains (Duncan test, P<0.05).
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Figure 4. Total leukocyte counts of four strains of black tilapia (O. niloticus) before challenge (D0) and after challenge with A.
hydrophila (D3, D7, and D14). Different letters above the bars indicate significant differences among strains (Duncan test, P<0.05).
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Discussion

The SAKTI tilapia injected with A. hydrophila (+)
exhibited the highest SR compared to the other infected
tilapia strains. The elevated SR observed in the SAKTI
strain was consistent with enhanced non-specific
immune responses (Figures 3-6) as well as the
expression of immunity-related genes (Figures 6 and 7).
At D3 post-infection, SAKTI tilapia demonstrated a
marked increase in leukocyte counts compared to the
other strains (Figure 4). Similar findings were reported
by Aluta et al., (2021), who noted who noted that hat
elevated leukocyte levels reflect the capacity of fish to
resist infection and stress, thereby facilitating a faster
recovery process. Furthermore, at D7 and D14 post-
challenge (Figure 4), leukocyte counts in the SAKTI | (+)
group declined, suggesting that the immune system was
beginning to restore balance following the acute phase

60

50

40

30

20

Phagocytic activity (%)

10

of infection. This observation is consistent with Nuryati
et al., (2008), who reported that the reduction in total
leukocyte numbers after infection is likely attributable
to the migration of active leukocytes to tissues
undergoing cell lysis or infection, where they function to
combat invading pathogens.

The elevated mortality rate observed during the
early stages of infection is likely attributable to a weak
initial immune response or a delayed activation of the
innate  immune defense mechanisms in fish
(Harikrishnan et al., 2010). Infection with A. hydrophila
is well-documented to induce a pronounced reduction
in erythrocyte numbers, primarily as a consequence of
tissue damage arising from either excessive immune
responses or the cytotoxic effects of bacterial toxins. In
MAG NIN tilapia, the total erythrocyte count exhibited a
continuous decline up to D14 post-infection (Figure 3),
reflecting the inability of the host to effectively

e e
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Figure 5. Phagocytic activity of four strains of black tilapia (O. niloticus) before challenge (DO) and after challenge with A. hydrophila
(D3, D7, and D14). Different letters above the bars indicate significant differences among strains (Duncan test, P<0.05).
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Figure 6. Lysozyme activity of four strains of black tilapia (O. niloticus) before challenge (D0) and after challenge with A. hydrophila
(D3, D7, and D14). Different letters above the bars indicate significant differences among strains (Duncan test, P<0.05).
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counteract the infection. This sustained reduction in red
blood cell levels may be associated with hemolysin
toxins secreted by A. hydrophila, which trigger
erythrocyte lysis (Matofani et al., 2013). Furthermore,
infection-induced renal damage is also likely to
contribute to impaired erythropoiesis, thereby
exacerbating the decline in erythrocyte production
(Pattipeiluhu et al., 2022).

Phagocytic activity represents the first active
immune response following infection. In SAKTI tilapia
(+), a consistent increase in phagocytic activity was
observed from D3 to D14 (Figure 5), demonstrating that
this strain possesses a highly responsive and sustained
cellular immune system. The maintenance or
enhancement of phagocytic activity reflects the fish’s
capacity to effectively mobilize both innate defense

observations of Azuwarita et al. (2021), who reported
that elevated phagocytic activity results from the host’s
defense mechanisms against A. hydrophila infection and
serves as an indicator of enhanced immune
competence.

Following the initiation of phagocytic activity, the
immune response progresses to subsequent stages. In
this study, the expression of the /L-16 gene was
evaluated. Based on the qPCR analysis (Figure 7), at D3
post-challenge, a decline in /L-18 expression was
observed in all tilapia strains except for the SAKTI (+),
which instead exhibited an increase in expression. This
elevation suggests early activation of the inflammatory
response in the SAKTI (+) strain, potentially playing a
critical role in controlling A. hydrophila infection during
the early phase. However, by D7, IL-18 expression levels

mechanisms and, subsequently, specific immune declined further across all strains, including the SAKTI
responses. This finding is consistent with the (+). The reduction in IL-18 expression at this stage may
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Figure 7. Relative expression levels of /L-18 gene in the kidneys of four strains of black tilapia (O. niloticus) after challenge with A.
hydrophila (D3 and D7). Different letters above the bars indicate significant differences among strains (Duncan test, P<0.05).
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Figure 8. Relative expression levels of LYSC gene in the kidneys of four strains of black tilapia (O. niloticus) after challenge with A.
hydrophila (D3 and D7). Different letters above the bars indicate significant differences among strains (Duncan test, P<0.05).
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be attributed to decreased NF-kB transcriptional
activity, as NF-kB is recognized as the primary regulator
of pro-inflammatory cytokines such as IL-18 (Zhang et
al.,, 2017; Bu et al., 2019).

Following [L-18 activation, lysozyme activity
increased on day 7 post-infection, highlighting its role as
a key antimicrobial enzyme that activates the
complement system, stimulates phagocytes, and
enhances bacterial clearance (Amenyogbe et al., 2022).
Although activity decreased sharply on day 3 in all
strains, it subsequently rose again on days 7 and 14.
MAG NIN tilapia showed the lowest lysozyme activity on
days 3 and 7, consistent with its lowest survival rate of
32% (Figure 1). While Biller et al. (2021) suggested that
reduced lysozyme activity may reflect a shift toward
adaptive immunity, the present study focused
exclusively on innate responses. The sustained lysozyme
dynamics observed up to 14 days post-infection with A.
hydrophila therefore demonstrate a prolonged innate
immune response, with protection primarily mediated
by nonspecific defense mechanisms. Notably, the SAKTI
(+) strain exhibited the highest lysozyme activity at day
7, supporting the persistent activation of innate
pathways in pathogen elimination.

Lysozyme activity was consistent with the
expression pattern of the LYSC gene. The qPCR analysis
revealed that LYSC gene expression levels varied among
tilapia strains (Figure 8). At D3 post-challenge, all tilapia
strains exhibited a reduction in LYSC gene expression.
This decline may reflect the severity of infection or
suppression of the immune system (Saurabh & Sahoo,
2008). In contrast to the MAG NIN and BIG NIN strains,
which showed a pronounced decrease, LYSC expression
in the SAKTI (+) tilapia remained relatively stable,
displaying only a minor reduction. These findings
suggest that the SAKTI strain possesses a more active
and resilient non-specificimmune response following A.
hydrophila infection, as demonstrated by elevated
leukocyte counts, enhanced phagocytic activity,
increased lysozyme levels, and more robust expression
of immune-related genes (/L-18 and LYSC).

Furthermore, selective breeding based on immune
performance indicators, including immune gene
expression (IL-16, LYSC) and hematological parameters,
has been shown to improve disease resistance in fish
(Yoshida et al., 2019). This strategy supports the
development of superior tilapia broods that not only
exhibit rapid growth but also possess enhanced survival
rates against A. hydrophila infection.

Conclusion

The results of the study indicate that SAKTI tilapia
have higher resistance to A. hydrophila infection than
MAG NIN, BIG NIIN, and GIFT strains. This higher
resistance is consistent with phagocytic and lysozyme
activity, as well as the expression of /L-168 and LYSC
genes. SAKTI tilapia are excellent candidates for black
tilapia selective breeding programs.
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