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Abstract

Outbreaks of Aeromonas hydrophila cause major losses in African catfish (Clarias
gariepinus) farming, while antibiotic raises resistance concerns. This study evaluated
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bacteriophages from a diseased catfish pond as local biocontrol agents. In vitro, phages
reduced bacterial density by over 50% within 24 h (P<0.05). In vivo, phage treatment

significantly improved survival compared with infected controls (P<0.05) and
moderated hematological disruption. After infection, clinical signs were milder in
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Introduction

Aquaculture plays a critical role in global food
security, supplying high-quality protein for a growing
population (Mair et al., 2023). However, the
intensification of production systems has accelerated
the emergence of bacterial diseases, threatening
sustainability and profitability (Lim et al., 2025).
Infection caused by Aeromonas hydrophila is particularly
detrimental in freshwater aquaculture and has been
associated with high mortality and economic losses in
African catfish Clarias gariepinus farming (Semwal et al.,
2023; Abdella et al., 2024). This opportunistic pathogen
is a primary causative agent of motile aeromonad
septicemia (MAS). In Indonesia, where catfish is widely
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phage-treated fish than in non-treated control. These results indicate that locally
sourced phages can mitigate A. hydrophila infection and support future disease
management in C. gariepinus aquaculture.

cultured and significant for national’s aquaculture
output, managing A. hydrophila outbreaks remains a
major challenge (Mulia et al., 2022).

Antibiotics have long been the primary mitigation
for controlling bacterial infections in aquaculture
(Pridgeon & Klesius, 2011). Yet, indiscriminate use has
accelerated the emergence of antibiotic-resistant
microbial strains, raising concerns about food safety,
environmental impact, and reduced treatment efficacy
(Okaiyeto et al., 2024). These challenges have fueled
interest in sustainable alternatives such as probiotics,
vaccines, and immunostimulants; however, each comes
with limitations in terms of cost, strain specificity, or
farmer adoption.
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Bacteriophages (phages), viruses that specifically
infect and lyse bacteria, offer a promising
complementary approach. Their high specificity enables
targeted elimination of pathogens without disrupting
non-target microbiota, and their ability to replicate in
the presence of host bacteria supports sustained
biocontrol (Kim et al., 2025). Importantly, phages are
naturally present in aquaculture environments, where
they co-evolve with local bacterial populations. Because
phage infectivity is highly strain-specific, locally isolated
phages are expected to show superior efficacy and
stability against resident bacterial pathogens compared
with exogenous or laboratory-maintained isolates
(Venkataraman et al., 2025; Wahjuningrum et al., 2025).
This concept of local adaptation is particularly relevant
for A. hydrophila, a genetically diverse species whose
virulence and phage susceptibility can vary across
geographic and farm-level isolates (Zhang et al., 2024;
Segundo-Arizmendi et al.,, 2025). Hence, isolating
phages directly from the same aquaculture environment
experiencing an outbreak may provide a customized,
site-specific biocontrol solution (Runtuvuori-Salmela et
al. 2022; Yasa et al. 2024).

Despite growing interest in bacteriophage therapy
for fish diseases, few studies have evaluated whether
phages derived from the outbreak site itself can
effectively suppress the local bacterial strain and
improve survival in aquaculture. Therefore, this study
aimed to isolate and characterize bacteriophages
against A. hydrophila directly from a catfish farm
experiencing a disease outbreak, and to evaluate their
antibacterial efficacy through in vitro and in vivo trials.
The findings provide initial experimental evidence
supporting the feasibility of using locally adapted
phages as a site-specific biocontrol strategy for bacterial
disease mitigation in African catfish aquaculture.

Material and Methods
Bacterial Preparation

A pathogenic strain of A. hydrophila was isolated
from diseased African catfish (C. gariepinus) collected
during an outbreak in a commercial farm pond in Depok,
West Java, Indonesia. The outbreak caused >30%
mortality, and fish displayed hemorrhagic lesions, scale
erosion, and hemorrhages in gill . The isolate was
confirmed as A. hydrophila by growth on Rimler-Shott
medium (Himedia, USA) at 28-30°C for 24 hours. The
isolate was further characterized by standard
biochemical assays (oxidase, catalase, motility, O/F,
Gram staining). Final confirmation was conducted using
the API® 20 NE kit (bioMérieux, USA). A fresh culture was
prepared in tryptic soy broth (TSB) with agitation (150
rom, 18-24 h). Bacterial cells’ density is determined by
the Total Plate Count (TPC) method (Pandey & Kalam,
2017). Antibiotic susceptibility to enrofloxacin,
rifampicin, oxytetracycline, and tetracycline was
evaluated according to the Clinical and Laboratory

Standards Institute (CLSI, 2020) guidelines. Results were
classified as susceptible (S), intermediate (I), resistant
(R), or nonsusceptible (NS) based on the minimum
inhibitory concentration (MIC). Isolates with inhibition
zones 220 mm (MIC<4pg/mL) were considered
susceptible, 15-19 mm (MIC 8-16 pg/mL) as
intermediate, and <14 mm (MIC 232 pg/mL) as resistant.
The nonsusceptible category was applied when no CLSI
breakpoint was available.

Phage Isolation and Enrichment

Water samples were collected from the same
commercial African catfish farm with bacterial disease
outbreak (Depok, West Java, Indonesia). A total of 1 L
water was pooled from several ponds. From 1L, a 50 mL
was taken and divided into 1 mL aliquots in 1.5 mL
microtubes. Samples were centrifuged at 8,000 rpm at
4°C for 10 minutes. The supernatant was then filtered
using a 0.45 um syringe filter. The filtered supernatant,
containing bacteriophages, was transferred to sterile 50
mL centrifuge tube (Ture et al., 2022).

For enrichment, 20 mL of filtrate was added into 50
mL TSB with 1 mL A. hydrophila culture (107 CFU mL?).
The mixture was incubated overnight at room
temperature with 160 rpm of agitation. The enriched
mixture was centrifuged (10,000 rpm for 10 minutes) at
4°C and re-filtered using a 0.22 um syringe filter (Ture et
al., 2022).

Bacteriophage Plaque Assay

The enriched phage suspension was serially diluted
(10"-1077) in Tris-based salt-magnesium buffer (SM
buffer; 50 mM Tris-HCI, 100 mM NaCl, 8 mM MgSQ,, pH
7.5). Each dilution (100 uL) was mixed with 100 uL of A.
hydrophila 108 CFU mL*? culture in TSB media, and then
incubated at 37°C for 15 minutes. The mixture was then
overlaid with 3 mL of sterile top agar (TSB + 0.7% agar)
on TSA plates. TSA plates were gently swirled, and once
solidified, the plates were incubated upside down at
37°C for 1-3 days to observe the plaques formation.
Plagues morphology and counts were observed every 24
hours, and the phage titers expressed as plaque forming
unit per mL (PFU mL?) (Kropinski et al., 2009).

In Vitro Bacterial Inhibition Assay

Bacterial growth inhibition was assessed
spectrophotometrically at 600 nm. Four treatments
were tested: SM buffer (negative control; K-); A.
hydrophila 108 CFU mL'+SM buffer (positive control;
K+); A. hydrophila (108 CFU mL)+phage isolate (107 PFU
mL?; FD); and A. hydrophila (1028 CFU mL%)+1%
enrofloxacin as antibiotic control (ER). Absorbance
measurements was measured hourly following Ture et
al.,, (2022). Reduction in bacterial growth relative to the
positive control indicated bacteriolytic efficacy.
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In Vivo Challenge Trial

Healthy C. gariepinus fingerlings (8—9 cm, 40.7+3.9
g) were transferred from a commercial farm (Depok,
Indonesia) and acclimated for 7 days in 60 L aerated
aquaria (60 fish/tank, 28-29°C). Only healthy fish were
used after acclimation. Preliminary A. hydrophila
pathogenicity was confirmed via Koch’s postulates and
LDso test (10% CFU mL™") following procedure from our
previous research (Nasrullah et al. 2021). Fish were
assigned to four groups (n= 10 per tank, three
replicates): Negative control (K-): injection with 0.1 mL
SM buffer; (2) Positive control (K+): injection with 0.1 mL
A. hydrophila (10° CFU mL?); (3) Phage treatment (FD):
injection with 0.1 mL phage suspension (10”7 PFU mL™),
followed by 0.1 mL A. hydrophila (10® CFU mL%); (4)
Antibiotic treatment (ER): injection with 0.1 mL
enrofloxacin (1%), followed by 0.1 mL A. hydrophila (10°
CFU mLY). Fish were observed for 7 days for clinical
symptom observation and survival rate measurement
(Kartikaningsih et al., 2020). All hematological
parameters were determined following the procedures
and calculation formulas of Blaxhall and Daisley (1973).

Statistical Analysis

Data were analyzed using one-way ANOVA
followed by Duncan’s multiple range test (P<0.05) with
IBM SPSS v26. Survival rate, bacteriolytic activity, and
hematological parameters were expressed as mean *
SD. Plaque characteristics and clinical signs were
presented descriptively.

Results
Phage Isolation and Morphology

Bacteriophages were successfully isolated from a
post-outbreak African catfish pond in Depok, West Java,
Indonesia. The fish exhibited typical signs of Aeromonas
hydrophila infection, including hemorrhagic skin lesions
and gill damage. Water samples from the ponds were
diluted from 10° to 107 and plated on agar media.
Plaques appeared within 24 hours of incubation,
characterized by clear centers and irregular to circular
margins, presented in Figure 1. The average phage titer
was approximately 1.0x10°7 PFU mL™". Plaque
morphology and density across serial dilutions are
summarized in Table 1.

In Vitro Bacteriolytic Activity

The lytic efficacy of the isolated phages was
evaluated spectrophotometrically by measuring A.
hydrophila growth (ODeoo nm) over 24 hours. The results
are presented in Figure 2. The positive control (K+; A.
hydrophila 108 CFU mL™+ SM buffer) exhibited
continuous bacterial proliferation, whereas the
antibiotic treatment (ER) achieved the strongest
inhibition, suppressing growth within 9 hours (P<0.05).
Phage treatment (FD) delayed bacterial proliferation,
showing marked reduction after 12 hours and achieving
a 50.7% lower bacterial density than the K+ group at 24
hours (P<0.05). The antibiotic treatment showed the
highest suppression effect, significantly greater than
both the control and phage treatments (P<0.05).

0,2cm

Figure 1. Bacteriophage plaques from catfish pond water samples under 10° dilution on the A. hydrophila overlay agar: (a) Negative
control (without bacteriophage), showing an absence of plaque formation; (b) Phage-induced clear circular plagues developed on
double-layer agar culture of A. hydrophila; (c) Magnified image of a bacteriophage plaque at 400x magnification, showing clear
lytic zones on the bacterial lawn.

Table 1. Morphological characteristics of A. hydrophila bacteriophage plaques observed directly on double-layer agar medium

Dilution Density (PFU mL1) Shape Edge Clarity
103 too numerous to count

104 1.99 x 107 Irregular and round Notched Clear
10° 7.7 x 107 Irregular and round Notched Clear
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In Vivo Challenge and Clinical Symptoms

All catfish were healthy prior to the experiment,
showing normal swimming, operculum movement, and
appetite. Following A. hydrophila injection, fish in K+ and
FD groups developed skin lesions and erratic swimming
by day 3, while ER fish exhibited only transient appetite
reduction (Figure 3). By day 7, lesion severity decreased
in FD, whereas K+ fish maintained ulcerative wounds
and pale gills. No mortality or visible symptoms occurred
in the negative control (K-).

Survival and Hematological Responses

Cumulative survival decreased in K+, FD, and ER
groups by day 3, with additional mortality observed in
K+and FD by day 7; presented in Figure 4. Survival in the
phage-treated group (FD) was significantly higher
(P<0.05) than in the infected control (K+). The antibiotic-
treated group (ER) showed the highest survival rate,
which was statistically comparable to the uninfected
control (K-). Mortality data are summarized in Table 2.
The first mortality occurred on day 1 post-infection in
the positive control group (K+), whereas in the phage-

mortality was first observed on day 3 post-infection. The
mortality rate in the FD group gradually increased,
reaching 40% by the end of the 7-day trial, while the ER
group maintained a consistently low mortality (3.33%)
throughout the experiment.

Hematological Responses

Hematological changes of C. gariepinus at days 0,
3, and 7 post-challenge are shown in Table 3. No
significant differences were observed at day 0 (P>0.05).
By day 3, leukocyte counts increased sharply in the
infected control (K*; 4.43 x10* cells mm™), indicating
acute infection stress, while the phage-treated group
(FD; 3.36 x10* cells mm™) showed a moderated
response. Erythrocyte, hematocrit, and hemoglobin
levels declined in K* but remained significantly higher in
phage and antibiotic-treated fish (P<0.05). By day 7,
hematological parameters in FD and ER groups
approached recovery levels similar to the uninfected
control (K~), whereas K* values remained depressed.
These results indicate that phage therapy reduced
infection severity and supported hematological stability
in catfish challenged with A. hydrophila.

treated (FD) and antibiotic-treated (ER) groups,
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Figure 2. Relative density of A. hydrophila under different treatments in vitro. (A) Growth pattern over 24 h. (B) Bacterial density
after 24 h of treatment. K-: A. hydrophila 108 CFU mL-1+SM buffer (negative control); K+: A. hydrophila (108 CFU mL™; positive
control); FD phage isolate (107 PFU mL1); ER: A. hydrophila (108 CFU mL1)+1% enrofloxacin (antibiotic control). Different letters
indicate significant differences (P<0.05; n= 3). Standard deviation bars may not be visible when smaller than the marker symbols.
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Figure 3. Morphological changes in African catfish (C. gariepinus) at day 7 post-challenge. K-: A. hydrophila 108 CFU mL1+SM buffer
(negative control); K+: A. hydrophila (108 CFU mL; positive control); FD phage isolate (107 PFU mL1); ER: A. hydrophila (108 CFU
mL1)+1% enrofloxacin (antibiotic control). Red circles indicate skin lesions at the injection site.
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Figure 4. Survival of African catfish (C. gariepinus) at days 0, 3, and 7 post-challenge. K-: A. hydrophila 108 CFU mL1+SM buffer
(negative control); K+: A. hydrophila (108 CFU mL; positive control); FD phage isolate (107 PFU mL1); ER: A. hydrophila (108 CFU
mL1)+1% enrofloxacin (antibiotic control). Different letters indicate significant differences among treatments at each timepoint

(P<0.05; n= 3).

Discussions

This study demonstrated that bacteriophages
isolated from a disease-affected African catfish pond
effectively inhibited A. hydrophila in vitro and improved
fish survival in vivo, highlighting their potential as locally
adapted biocontrol agents. Their ecological adaptation
to farm-specific bacterial strains likely enhanced host—
phage compatibility and infection efficiency compared
with exogenous isolates (Koskella & Brockhurst 2014;

Runtuvuori-Salmela et al., 2022; Yasa et al., 2024;
Segundo-Arizmendi et al., 2025).

Phage treatment showed to produce distinct lytic
plaques and suppressed A. hydrophila growth after 12 h,
reducing bacterial density significantly after 24 h. This
delayed inhibition pattern reflects typical lytic dynamics
involving early adsorption, a latent phase, and
subsequent rapid bacterial decline (Abedon, 2011).
Similar bacteriolytic patterns were observed in
Pseudomonas aeruginosa (Pallavali et al., 2017), Vibrio
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alginolyticus (Fu et al., 2023), and A. hydrophila (Jun et
al.,, 2013), confirming the phage’s lytic activity and
replication capacity.

In vivo, bacteriophage treatment significantly
reduced mortality compared to infected controls,
though antibiotics provided higher protection.
Comparable trends were reported in catfish and tilapia
where phage therapy improved survival but was slightly
less effective than antibiotics (Hoang et al., 2018; Le et
al., 2018; El-Wafai et al., 2024). In contrast, lytic phage
cocktails against A. hydrophila in O. niloticus yielded
survival comparable to antibiotic-treated fish (Cruz-
Papa et al., 2014). These differences underscore that
phage efficacy depends on host—phage compatibility,
infection intensity, and administration method. The
single-dose injection used here likely limited
persistence, yet the improvement in survival highlights
the functional relevance of locally derived phages for
acute bacterial infection management.

Hematological results further supported mitigation
of infection stress. A. hydrophila challenge reduced
erythrocyte count, hematocrit, and hemoglobin,
consistent with toxin-mediated hemolysis (Kumar &
Ramulu, 2013). Phage-treated fish showed milder
declines and faster recovery by day 7, suggesting
reduced systemic stress. Leukocyte elevation reflected
immune activation; however, moderated leukocytosis in
the phage group indicated lower infection burden, in

line with reports in O. niloticus treated with
Pseudomonas phages (ElI-Wafai et al., 2024). Although
detailed immune assays (e.g., phagocytosis,
immunoglobulins) were not included, hematological
recovery provides preliminary evidence that phage
therapy moderates infection-induced physiological
effects.

The comparison between antibiotic and phage
treatment outcomes provides important insights into
practical applicability. While antibiotics acted faster and
achieved full protection, phages offer sustainable
advantages—high specificity, self-limiting replication,
and microbiome safety. Optimized delivery (immersion,
oral, or cocktail formulations) may enhance therapeutic
outcomes (Kim et al. 2025; Venkataraman et al. 2025).

Conclusions

These findings indicate ocally isolated
bacteriophages effectively reduced A. hydrophila
infection severity and improved survival in African
catfish, though their efficacy remained lower than
antibiotics. Their adaptability, host specificity, and eco-
safety make them valuable tools for sustainable
aquaculture health management. Future research
should optimize delivery systems and combination
strategies to enhance field efficacy and establish phage
therapy as a practical alternative to antibiotics.

Table 2. Percentage of mortality rate (%) of african catfish after Aeromonas hydrophila infection

Days after infection K- FD ER
1 0+0P 13.33+1.88° 0+0P +0b
2 0+0v 16.67+2.362 0+0v +0b
3 0+0d 36.67+1.72 13.33+1.25b 3.33+0.47¢
4 0+0d 46.67+0.942 26.67+1.25b 3.3310.47¢
5 0+0d 63.3311.252 36.67+1.25b 3.3310.47¢
6 0+0d 63.331£1.252 36.67+1.25b 3.3310.47¢
7 0+0d 63.33+1.252 40+0.82b 3.33+0.47¢

K-: A. hydrophila 108 CFU mL+ SM buffer (negative control); K+: A. hydrophila (108 CFU mL?; positive control); FD phage isolate (107 PFU mL?); ER:
A. hydrophila (10 CFU mL?) + 1% enrofloxacin (antibiotic control). Different letters indicate significant differences among treatments at each

timepoint (P<0.05; n=3).

Table 3. Hematological and leukocyte parameters of African catfish (C. gariepinus) at days 0, 3, and 7 post-challenge

Treatment/days after infection days K- K+ FD ER
0 2,410,042 2,410,042 2,410,042 2,410,042
Leukocyte (x10* cell mm-3) 3 2,02+0,022 4,43+0,39¢ 3,36+0,11° 2,36+0,162
7 2,160,262 2,02+0,042 240,062 2,05+0,052
0 2,410,042 2,410,042 2,440,042 2,440,042
Erythrocyte ( x10°cell mm-3) 3 2,29+0,12 1,32+0,01¢ 1,67+0,02¢ 2,02+0,05P
7 2,52+0,137 2,31+0,16° 2,480,162 2,510,112
0 25,7+0,472 25,7+0,472 25,740,472 25,740,472
Haematocrit (%) 3 27+1,632 10,53+1,05¢ 15,33+1,25P 25,33+1,2552
7 27+1,63¢ 24,7+1,7 26,33+1,252 26+1,41°
0 12,740,477 12,740,477 12,740,472 12,7+0,47°
Haemoglobin (g%) 3 12,4740,412 7,07+0,9¢ 10+0,82b 12,2740,22
7 13,33+0,472 11,73+0,52b 11,83+0,62° 12,740,473

K-: A. hydrophila 108 CFU mL+SM buffer (negative control); K+: A. hydrophila (108 CFU mL?; positive control); FD phage isolate (107 PFU mL?); ER: A.
hydrophila (108 CFU mL*)+1% enrofloxacin (antibiotic control). Different letters indicate significant differences among treatments at each timepoint

(P<0.05; n=3).
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