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Abstract

A total of 69 bacterial isolates representing 13 species were recovered from 60 tilapia and
14 water samples. Isolates were identified via phenotypic characterization, biochemical assays
and VITEK MS, and antimicrobial susceptibility was assessed using the Kirby-Bauer disk
diffusion method, followed by calculation of the multiple antibiotic resistance (MAR) index.
Dominant taxa included Bacillus cereus (21.7%), Plesiomonas shigelloides (17.4%) and
Enterobacter spp. (15.9%), while 11.6% remained unclassified, likely reflecting limitations
of the VITEK MS reference database or insufficient spectral matching. Zoonotic species such
as Klebsiella pneumoniae and Acinetobacter johnsonii were also detected. Species distribution
did not differ significantly between fish and water, indicating uniform microbial dissemination.
Gram-negative isolates showed higher resistance than Gram-positive isolates, with multidrug
resistance, particularly against erythromycin—penicillin combinations, most prevalent in
Aeromonas spp. MAR indices > 0.2 suggest possible exposure to environments associated with
antimicrobial contamination. While water quality was generally suitable for tilapia, localized
hypoxia and acidic pH may promote pathogen persistence. The coexistence of multidrug-resistant
and zoonotic bacteria highlights the need for integrated health management and responsible anti-
microbial use in urban aquaculture.

Keywords: antimicrobial resistance, tilapia aquaculture, urban freshwater systems, zoonotic
bacteria.
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Introduction

In Indonesia, freshwater aquaculture has rapidly
expanded through extensification and intensification,
with tilapia (Oreochromis niloticus) being a major
farmed species due to its resilience, market demand,
and nutritional value (Food and Agriculture Organiza-
tion 2024). In Makassar, South Sulawesi, aquaculture is
vital for meeting rising fish demand. However, inten-
sive practices, such as high stocking densities and large-
scale operations, have increased the risk of infectious
disease outbreaks, causing significant economic losses.
Tilapia are particularly susceptible to bacterial infec-
tions, with pathogens including Aeromonas spp.,
Plesiomonas  shigelloides,  Streptococcus  spp.,
Edwardsiella spp., Vibrio spp., and Mycobacterium
spp., many of which also pose zoonotic risks (Wamala
et al. 2018, Sakala et al. 2022, Chitambo et al. 2023,
Haenen et al. 2023). This risk is further exacerbated
by the widespread misuse of antibiotics, promoting the
development and spread of antimicrobial resistance
(AMR). Resistant bacteria and their resistance genes
can be transmitted to humans through direct handling of
fish, consumption of contaminated products, or contact
with contaminated water (Cabello et al. 2013, Reverter
et al. 2020).

The global rise in multidrug resistance (MDR) poses
a major public health threat, with increasing reports of
MDR bacterial pathogens from diverse sources under-
scoring the need for prudent antibiotic use (Raharjo
et al. 2023, Ibrahim et al. 2024). Despite the global
threat of AMR, surveillance efforts in Indonesia have
been limited, particularly in urban freshwater systems.
Although several studies have reported the presence of
resistant bacteria in marine and freshwater environ-
ments (Mursalim et al. 2022, Raharjo et al. 2022), urban
aquaculture ecosystems remain understudied. These
ecosystems, characterized by restricted water exchange,
waste accumulation and proximity to residential areas,
create conditions that increase bacterial persistence and
human exposure risk. Specifically, the microbial risks
associated with AMR in Tanjung Bunga Lake, an inten-
sively used urban aquaculture site in Makassar for tila-
pia farming, have not been thoroughly assessed (Sulfikar
2013). The lack of local data hampers risk assessment,
weakens regulatory oversight, and limits the ability to
develop targeted biosecurity and antibiotic stewardship
strategies (Preena et al. 2020, Zaky et al. 2021). Previous
aquaculture studies have largely relied on culture-based
methods with limited resolution, often underestimating
microbial diversity and overlooking fastidious patho-
gens, while focusing mainly on phenotypic resistance
without considering environmental drivers or host—
pathogen—environment interactions. This study pro-

vides the first systematic assessment of potentially zoo-
notic and antimicrobial-resistant bacteria in tilapia and
water from Tanjung Bunga Lake. Using VITEK MS for
identification and standardized Kirby-Bauer disc diffu-
sion for susceptibility testing, we characterized bacteri-
al diversity and resistance patterns and evaluated envi-
ronmental factors that support pathogen persistence.
By establishing baseline data for Indonesian urban
aquaculture, these findings support evidence-based
management within a One Health framework and high-
light the need for strengthened surveillance, practical
antibiotic use, and stricter regulatory oversight to pro-
tect aquaculture and public health.

Materials and Methods

Sample collection

From March to April 2024, 60 clinically healthy
tilapia (Oreochromis niloticus; 14-21 cm, ~90 g) were
collected from 7 cages (8-9 fish per cage) at Tanjung
Bunga Lake, Makassar city, Indonesia, along with
14 water samples collected in sterile 100 ml from seven
cages across the lake to capture spatial variability
(Table 1, Fig. 1). Seven sampling stations were strategi-
cally established to capture the spatial heterogeneity of
the tilapia cage aquaculture system in Tanjung Bunga
Lake. The stations were positioned across distinct sec-
tors of the lake characterized by variations in proximity
to the shoreline and residential effluent inputs, diffe-
rences in water circulation dynamics, gradients in
stocking density and feeding intensity, and contrasting
levels of hydrodynamic exposure, ranging from rela-
tively open-water conditions to more enclosed areas.
The fish were caught by dip-netting and placed in
a plastic bag containing water and air. The fish were
subsequently transported under controlled conditions to
the Integrated Laboratory at the Faculty of Veterinary
Medicine, Hasanuddin University, for bacteriological
and antimicrobial resistance analyses.

Bacterial isolation and identification

Before necropsy, all the fish were euthanized via the
immersion method with clove oil at a concentration of
60 mg/L. Internal organs (liver, spleen, kidney and
brain) were aseptically sampled from each fish using
sterile inoculating loops inserted directly into the tis-
sues. Samples were streaked onto tryptic soy agar
(TSA; Bacto™) with 5% sheep blood and incubated
at 37°C for 24 h to isolate dominant bacteria. After
incubation, three to five morphologically distinct colo-
nies per sample were selected based on differences in
size, pigmentation, hemolysis and morphology to avoid
duplicate isolates.
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Fig. 1. Sampling sites of tilapia cage aquaculture in Tanjung Bunga Lake, Makassar City: (a, b) Photographic views of floating cages;
(c) Spatial distribution of sampling stations on satellite map.

Table 1. Geographic coordinates of the tilapia cage sampling stations in Tanjung Bunga Lake, Makassar city.

No Sample station Coordinates
1 Cage 1 S: 5°11'00/E: 119°24°28
2 Cage 2 S: 5°10'50/E: 119°24°12
3 Cage 3 S: 5°10'46/E: 119°24°09
4 Cage 4 S: 5°10'43/E: 119°24°04
5 Cage 5 S: 5°10'58/E: 119°24°32
6 Cage 6 S: 5°11'01/E: 119°24°34
7 Cage 7 S: 5°11'04/E: 119°24°31

Water samples were aseptically collected in sterile
glass bottles in the morning and transported on ice for
immediate analysis. Inside-cage samples were collected
at a depth of 30-50 cm within the cage perimeter, repre-
senting water directly influenced by stocking density,
feeding, and organic waste. Outside-cage samples were
collected at the same depth, 2-3 m from the cage bound-
ary, reflecting adjacent lake water with minimal con-
finement effects. This paired design allowed assessment
of cage-related impacts while accounting for back-
ground lake conditions. The water samples were filtered
through cellulose ester membranes (0.45 um pore size)
and centrifuged at 2,500 rpm for 5 min before swab-
bing. Pure colonies from internal organs and water were
preliminarily identified based on colony morphology,
Gram staining, oxidase and catalase activity, motility,
indole production, and esculin hydrolysis (Cowan

1993). For preservation, isolates were grown in tryptic
soy broth (TSB; Bacto™) with 20% glycerol and stored
at -80°C until further analysis

VITEK MS assay

Bacterial identification was performed via VITEK
MS (bioMérieux, France), an automated MALDI-TOF
MS platform. A single colony from each isolate was
spotted onto a target slide, overlaid with VITEK
MS-CHCA matrix solution, air-dried, and inserted into
the instrument for spectral acquisition. The generated
spectra were compared with the VITEK MS database,
and identification was reported via percentage-scaled
confidence values (Fang et al. 2012). The identification
results were classified based on confidence scores as
follows: good identification (confidence level >60.0%
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and <99.9%), excellent identification (confidence level
>99.9%), and no reliable identification (confidence
level <60.0%), according to the criteria described by
Luo et al. (2022).

Water quality analysis

Water quality was assessed simultaneously with
tilapia sampling at Tanjung Bunga Lake in Makassar
city. At each sampling site, 100 mL of surface water
was collected in sterile glass bottles, which were imme-
diately sealed and transported on ice to the laboratory
for analysis. The in-situ measurements included water
temperature (digital thermometer), pH (portable pH
meter), and salinity (refractometer). Laboratory analy-
ses of dissolved oxygen (DO), ammonia, nitrate and
nitrite concentrations were performed at the Water
Quality Laboratory of the Faculty of Marine Science
and Fisheries, Hasanuddin University. Standard
methods were applied in accordance with the American
Public Health Association guidelines, using spectro-
photometric and titrimetric techniques (Eaton).

Antimicrobial susceptibility testing

Antimicrobial susceptibility was assessed using the
disk diffusion method following CLSI VET04 guide-
lines (CLSI, 2020), with Escherichia coli ATCC 25922
as the quality control. Six commonly used antibiotics
were tested: ciprofloxacin (CIP, 5 pg), chloramphenicol
(CN, 10 pg), erythromycin (E, 15 pg), gentamicin
(G, 10 pg), penicillin (P, 10 pg), and tetracycline
(TE, 30 pg) (Oxoid, UK). Isolates were cultured in TSB
at 28°C for 24 h with shaking (160 rpm), adjusted
to 0.5 McFarland (1.5 x 108 CFU/mL), and spread onto
Mueller-Hinton agar. Disks were applied, and plates
incubated at 37 °C for 24 h. Zone diameters were inter-
preted as susceptible (S), intermediate (I), or resistant
(R) per CLSI standards. For species without established
breakpoints, values from closely related species were
used with justification. Multidrug resistance (MDR)
was defined as nonsusceptibility to >1 agent in three
or more antimicrobial classes. The multiple antibiotic
resistance (MAR) index was calculated as MAR =a /b,
where a is the number of antibiotics to which an isolate
was non-susceptible and b is the total tested (n=6);
MAR > 0.2 indicates exposure to high-risk contamina-
tion sources (Krumperman 1983).

Statistical analyses

Statistical analyses were conducted using SAS soft-
ware (v. 9.4; SAS Institute Inc., Cary, NC, USA) with
significance set at p<0.05. Associations between cate-
gorical variables were assessed using Fisher’s exact

test, and the Wilcoxon signed-rank test compared water
physicochemical parameters between inside- and out-
side-cage samples. Antimicrobial resistance patterns
were visualized with a heatmap in OriginPro 9.7
(OriginLab, Northampton, MA, USA). VITEK MS
identification and water quality analyses were per-
formed in triplicate to ensure reliability and reproduci-
bility.

Results

Isolation and identification

A total of 69 bacterial isolates were recovered from
60 fish and 14 water samples, representing 13 distinct
taxa, as shown in Figure 2 and Table 2. The dominant
species were Bacillus cereus (21.7%), Plesiomonas
shigelloides (17.4%), and Enterobacter asburiae/
Enterobacter cloacae (15.9%), which collectively
accounted for more than half of all isolates. Notably,
11.6% of the isolates could not be classified, indicating
uncharacterized strains or limitations in the VITEK MS
reference database. Other identified species included
Bacillus megaterium (7.2%), Aeromonas spp. (5.8%)
and Bacillus subtilis (5.8%), reflecting significant
microbial diversity. Opportunistic pathogens, such as
Acinetobacter johnsonii and Klebsiella pneumoniae
(2.9% each), are noteworthy because of their zoonotic
potential and association with antimicrobial resistance.
Additionally, Staphylococcus species (S. sciuri,
S. gallinarum, and S. arlettae) were detected at low
prevalence rates (1.5% each). Statistical analysis
revealed no significant associations between bacterial
species and sample origin (fish vs. water) (p>0.05),
indicating a relatively uniform distribution of bacterial
taxa across both sources. The biochemical characteriza-
tion of 12 bacterial isolates obtained from tilapia and
associated water samples categorized them into
Gram-negative taxa (Enterobacteriaceae and related
genera) and Gram-positive taxa (notably Bacillus and
Staphylococcus species) (Table 3). The most discrimi-
native traits among these isolates were observed in the
oxidase and motility tests. Non-enteric genera such as
Plesiomonas, Aeromonas, and Acinetobacter exhibited
positive oxidase activity, thereby clearly distinguishing
them from Enterobacter and Klebsiella, which are oxi-
dase-negative. Furthermore, high motility was charac-
teristic of Bacillus, Plesiomonas, and Aeromonas, in
contrast to the non-motile behavior of Staphylococcus,
Klebsiella, and Acinetobacter. While all the isolates
were catalase-positive, additional phenotypic variation,
particularly differences in hemolytic patterns (B versus
v hemolysis), provided further taxonomic resolution.
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Fig. 2. Prevalence of bacterial species isolated from tilapia and water samples in Tanjung Bunga Lake.
Table 2. Distribution and prevalence of bacterial species isolated from tilapia and water samples in Tanjung Bunga Lake.
Total Cage 1 Cage 2 Cage 3 Cage 4 Cage 5 Cage 6 Cage 7 Total
ota
Fish Water Fish Water Fish Water Fish Water Fish Water Fish Water Fish Water No %

Enterobacter asburiae/

Enterobacter cloacae 2.0 1.0 0.0 1.0 00 00 20 1.0 1.0 00 20 00 00 1.0 11.0 159
Bacillus cereus 1.0 20 1.0 00 00 00 00 1.0 20 3.0 1.0 1.0 20 1.0 150 21.7
Plesiomonas shigelloides 20 00 00 00 00 0.0 1.0 00 00 20 3.0 1.0 20 1.0 120 174
Serratia rubidaea 2.0 10 00 00 00 00 00 00 00 00 00 00 00 00 30 43
Staphylococcus sciuri 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.5
Bacillus megaterium 00 00 00 00 00 00 00 00 1.0 00 10 00 10 20 50 72
Aeromonas spp. 1.0 1.0 00 00 00 00 00 00 00 00 1.0 1.0 00 00 40 58
Staphylococcus gallinarum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 1.0 1.5
Bacillus subtilis 0.0 1.0 00 00 00 00 00 00 00 00 1.0 1.0 0.0 1.0 40 58
Acinetobacter johnsonii 0.0 0.0 10 00 00 00 00 00 00 00 00 00 1.0 00 20 29
Klebsiella pneumoniae 00 00 00 00 00 00 00 00 0.0 1.0 0.0 1.0 00 00 20 29
Staphylococcus arlettae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 1.0 1.5
Unidentified bacteria 0.0 2.0 1.0 0.0 1.0 1.0 20 00 1.0 00 00 00 00 00 80 116
Total 69.0 100.0

Antimicrobial susceptibility profile

The antimicrobial resistance profiles exhibited
marked interspecific variability (Table 4) and were fur-
ther visualized in a heatmap generated with OriginPro
software (Figure 3). Clustering analysis revealed
increased resistance to erythromycin and penicillin
among Gram-negative taxa, particularly Enterobacter
spp., Plesiomonas  shigelloides, and Klebsiella

pneumoniae. In contrast, Bacillus spp. and Staphylococ-
cus sciuri clustered within predominantly susceptible
profiles, underscoring clear taxonomic divergence in
resistance burden. Overall, erythromycin and penicillin
showed the highest non-susceptibility frequencies,
particularly among Gram-negative isolates. Entero-
bacter spp., P. shigelloides, Serratia rubidaea, and
K. pneumoniae exhibited complete resistance to eryth-
romycin and high levels of resistance to penicillin.
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Table 3. Biochemical characteristics of bacterial isolates from tilapia and water samples.

Number Biochemical Characteristics Isolates (%)
Bacterial Isolates of G?a‘.n ) . . Indole Esculin
Isolates Staining  Morphology Hemolysis Oxidase Catalase Motility Production Hydrolysis

Enterobacter spp. 11.0 -ve Rods variable 0.0 100.0  variable 0.0 100.0
Bacillus cereus 15.0 +ve Rods B 0.0 100.0 100.0 0.0 100.0
Plesiomonas shigelloides 12.0 -ve Rods B 100.0 100.0 100.0 100.0 0.0
Serratia rubidaea 3.0 -ve Coccobacillus v 0.0 100.0 100.0 0.0 100.0
Staphylococcus sciuri 1.0 +ve Cocci v 100.0 100.0 0.0 0.0 100.0
Bacillus megaterium 5.0 +ve Rods v Variable 100.0 100.0 0.0 100.0
Aeromonas spp. 4.0 -ve Rods B 100.0 100.0 100.0 50.0 40.0
Staphylococcus gallinarum 1.0 +ve Cocci B 0.0 100.0 0.0 0.0 100.0
Bacillus subtilis 4.0 +ve Rods B Variable 100.0 100.0 0.0 100.0
Acinetobacter johnsonii 2.0 -ve Rods B 100.0 100.0 0.0 0.0 0.0
Klebsiella pneumoniae 2.0 -ve Rods Y 0.0 100.0 0.0 0.0 100.0
Staphylococcus arlettae 1.0 +ve Cocci v 0.0 100.0 0.0 0.0 100.0
Table 4. Antimicrobial susceptibility test (%) of bacterial isolates from tilapia and water samples from Tanjung Bunga Lake.

Bacterial Species R;ﬁge d E (15 png) G (10 pg) CN (10 png) CIP (5 ng) P (10 ug) TE (30 ng)

Isolates S//R S//R S//R S//R S/I/R S/I/R

Enterobacter spp. 11.0 0.0/0.0/100.0 100.0/0.0/0.0 72.7/0.0/27.3 100.0/0.0/0.0 0.0/0.0/100.0 100.0/0.0/0.0
Bacillus cereus 15.0 80.0/20.0/0.0 100.0/0.0/0.0 100.0/0.0/0.0 93.3/0.0/6.7 0.0/0.0/100.0 93.3/0.0/6.7
Plesiomonas shigelloides 12.0 0.0/25.0/75.0 50.0/25.0/25.0 100.0/0.0/0.0 100.0/0.0/0.0 0.0/0.0/100.0 100.0/0.0/0.0
Serratia rubidaea 3.0 0.0/0.0/100.0 100.0/0.0/0.0 67.7/33.3/0.0 100.0/0.0/0.0 0.0/0.0/100.0 100.0/0.0/0.0
Staphylococcus sciuri 1.0 100.0/0.0/0.0 100.0/0.0/0.0 100.0/0.0/0.0 100.0/0.0/0.0 100.0/0.0/0.0 100.0/0.0/0.0
Bacillus megaterium 5.0 80.0/20.0/0.0 60.0/20.0/20.0 100.0/0.0/0.0 60.0/20.0/20.0 0.0/0.0/100.0 100.0/0.0/0.0
Aeromonas spp. 4.0 50.0/0.0/50.0 50.0/0.0/50.0 50.0/0.0/50.0 50.0/0.0/50.0 50.0/0.0/50.0 50.0/0.0/50.0
Staphylococcus gallinarum 1.0 0.0/0.0/100.0 100.0/0.0/0.0 100.0/0.0/0.0 0.0/0.0/100.0 100.0/0.0/0.0 0.0/100.0/0.0
Bacillus subtilis 4.0 75.0/25.0/0.0 100.0/0.0/0.0 100.0/0.0/0.0 75.0/0.0/25.0 100.0/0.0/0.0 75.0/0.0/25.0
Acinetobacter johnsonii 2.0 100.0/0.0/0.0 0.0/50.0/50.0 0.0/0.0/100.0 100.0/0.0/0.0 0.0/0.0/100.0 100.0/0.0/0.0
Klebsiella pneumoniae 2.0 0.0/0.0/100.0 0.0/0.0/100.0 0.0/100.0/0.0 0.0/100.0/0.0 0.0/0.0/100.0 100.0/0.0/0.0
Staphylococcus arlettae 1.0 0.0/0.0/100.0 100.0/0.0/0.0 100.0/0.0/0.0 100.0/0.0/0.0 0.0/0.0/100.0 100.0/0.0/0.0

S = susceptible, I = intermediate, R = resistant, E = erythromycin, G = gentamicin, CN = chloramphenicol, CIP = ciprofloxacin,

P = penicillin; TE = tetracycline.

Aeromonas spp. displayed a distinct pattern of 50%
resistance and 50% susceptibility across all tested anti-
biotics, reflecting either strain-level diversity or incon-
sistent exposure to antimicrobial agents. In contrast,
Gram-positive bacteria presented relatively high sus-
ceptibility to the tested antimicrobial agents. Bacillus
cereus was fully susceptible to gentamicin and chloram-
phenicol, with low resistance rates to ciprofloxacin
(6.7%) and tetracycline (6.7%). Staphylococcus sciuri
demonstrated complete susceptibility to all the tested
agents. Similarly, Bacillus megaterium and Bacillus
subtilis remained largely susceptible, underscoring the
comparatively lower resistance burden among these
species. An exception was Acinetobacter johnsonii,
which was resistant to penicillin and chloramphenicol

but remained fully susceptible to ciprofloxacin, erythro-
mycin, and tetracycline. Statistical analysis confirmed
that resistance patterns differed significantly among
antibiotics (p<0.05), indicating that the choice of anti-
microbial agent is a critical determinant of bacterial
susceptibility profiles. The analysis of resistance
patterns (Table 5) revealed that the most common resis-
tance profile was a combination of erythromycin
and penicillin (E+P) in Enterobacter, P. shigelloides,
and Serratia. Triple-drug resistance combinations,
including E+CN+P, E+G+P, and CIP+P+TE, were
detected in Enterobacter, P. shigelloides, B. cereus,
Serratia, and Klebsiella, indicating the emergence of
multidrug resistance (MDR) across species. Aeromonas
spp. demonstrated the most concerning antimicrobial
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Fig. 3. Heatmap illustrating interspecies variation in antimicrobial resistance profiles among bacterial isolates. The color gradient rep-
resents the degree of resistance, with darker shades indicating greater resistance. E = erythromycin, G = gentamicin, CN = chlor-
amphenicol, CIP = ciprofioxacin, P = penicillin; TE = tetracycline.

Table 5. Distribution of antimicrobial resistance patterns among bacterial isolates from tilapia and water samples from Tanjung Bunga

Lake.

Entero- Bacillus ~ Plesiomonas ~ Serratia  Staphylococ-
bacter spp. cereus shigelloides  rubidaea cus sciuri
(n=11) (n=15) (n=12) (n=3) (n=1)

Resistance Pattern

Bacillus
megaterium spp. subtilis
(n=5) (n=4)

Staphy- Bacillus Acine- Klebsiella  Staphylococ-
lococcus tobacter

Jjohnsonii pneumoniae  cus arlettae
(n=2) (n=2) (n=1)

Aeromonas

gallinarum

(n=1) =9

P - 13.0

CN, P

CIP, E

E, P 8.0 - 9.0 2.0

G,P

2.0

CIP, P - 1.0

CIP, TE

CN, G, P

CIP, G, P

3.0

CIP, P, TE - 1.0

E,CN, P 3.0 - - 1.0

E,G,P - - 3.0

2.0

CIP,E, T, P

CN,CIP,E, G, P

CN, CIP,E, G, P, TE

2.0

E = erythromycin, G = gentamicin, CN = chloramphenicol, CIP = ciprofloxacin, P = penicillin; TE = tetracycline.

resistance profile, with 50% of the isolates exhibiting
resistance to all the tested antibiotics and displaying
a broad resistance pattern encompassing six different
antimicrobial agents.

Multiple antibiotic resistance (MAR) index

The majority of the isolates presented multiple anti-
biotic resistance (MAR) index values ranging from 0.33

to 0.50. Notably, 50% of the Aeromonas spp. isolates
had a MAR index of 1.0, indicating resistance to all
the tested antimicrobial classes. K. pneumoniae,
A. johnsonii, and B. megaterium also showed elevated
MAR values of 0.50. MAR indices of 0.2 or higher
indicate exposure to significant antibiotic use, suggest-
ing that most bacteria in this study originated from
environments affected by antibiotics. In contrast,
S. arlettae exhibited a low MAR index (0.16), consis-
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Table 6. Distribution of multiple antibiotic resistance (MAR) indices among bacterial isolates.

No. Bacterial Species No. % MAR % MAR % MAR % MAR % MAR % MAR
of Isolates 0.16 0.33 0.50 0.66 0.83 1.00
1 Enterobacter spp. 11.0 0.0 72.7 27.3 0.0 0.0 0.0
2 Bacillus cereus 15.0 86.6 6.7 6.7 0.0 0.0 0.0
3 Plesiomonas shigelloides 12.0 0.0 75.0 25.0 0.0 0.0 0.0
4 Serratia rubidaea 3.0 0.0 66.7 33.3 0.0 0.0 0.0
5 Staphylococcus sciuri 1.0 0.0 0.0 0.0 0.0 0.0 0.0
6  Bacillus megaterium 5.0 0.0 40.0 60.0 0.0 0.0 0.0
7  Aeromonas spp. 4.0 0.0 0.0 0.0 0.0 0.0 50.0
8  Staphylococcus gallinarum 1.0 0.0 100.0 0.0 0.0 0.0 0.0
9 Bacillus subtilis 4.0 0.0 50.0 0.0 0.0 0.0 0.0
10 Acinetobacter johnsonii 2.0 0.0 50.0 50.0 0.0 0.0 0.0
11 Klebsiella pneumoniae 2.0 0.0 0.0 50.0 0.0 0.0 0.0
12 Staphylococcus arlettae 1.0 100.0 0.0 0.0 0.0 0.0 0.0

MAR index >0.2 indicates that the isolate originated from an environment with high antibiotic exposure. Bold values highlight isolates
with elevated MAR indices (>0.5), indicating multidrug resistance. The percentages represent the proportion of isolates within each

species corresponding to the respective MAR index

Table 7. Spatial variation in the physicochemical water quality parameters of Tanjung Bunga Lake.

Sampling Site
Water Quality Parameters pine S R(eifefiegce
Cagel Cage2 Cage3 Cage4 Cage5 Cage6 Cage7 >tandard Range
Outside
Temperature (°C) T 30.00 30.00 29.00 30.00 31.00 31.00 31.00  28.00-32.00°C
nside
o Outside
Salinity (mg/L) ———— 0.00 0.00 0.00 0.00 0.00 0.00  0.00-30.00 mg/L
Inside
Outside
pH —  6.00 6.00 6.00 6.00 6.00 6.00 6.00  6.00-9.00
Inside
) Outside 7.36 2.88 10.24 5.76 3.48 4.48 6.08
Dissolve Oxygen (mg/L) - >3.00 mg/L
Inside 5.12 2.24 6.08 5.44 4.16 5.44 8.31
Outside 0.15 0.14 0.02 0.19 0.13 0.12 0.02
Nitrate (mg/L) - <0.20 mg/L
Inside 0.14 0.16 0.02 0.13 0.13 0.12 0.01
o Outside 0.09 0.56 0.08 0.06 0.06 0.05 0.05
Nitrite (mg/L) <0.20 mg/L
Inside 0.09 0.06 0.05 0.06 0.05 0.06 0.05
) Outside 0.01 0.01 0.003 0.003 0.006 0.004 0.003
Ammonia (mg/L) - <0.02 mg/L
Inside 0.01 0.01 0.004 0.003 0.006 0.004 0.003

Salinity values of 0.00 mg/L indicate measurements below the instrument detection limit.

tent with its isolation from an environment under mini-
mal antibiotic pressure. These findings demonstrate
considerable variation in resistance intensity among
species, with some taxa showing a strong tendency
toward multidrug resistance. The MAR indices (%)
of the retrieved isolates are presented in Table 6.

Water quality analysis

Most physicochemical parameters were within ac-
ceptable ranges for tilapia culture, as shown in Table 7.

The water temperature in the outer areas ranged from
29 to 31°C, within the optimal range of 28 to 32°C.
Salinity was consistently 0 mg/L across all the sites,
confirming the lake’s freshwater status in accordance
with its geographic and ecological setting. The pH
was slightly acidic (pH = 6 at all outer points) but
within the tolerable range for tilapia (6-9). The dis-
solved oxygen (DO) exhibited substantial spatial varia-
tion (2.24-10.24 mg/L). The low DO values at outer
point 2 (2.88 mg/L) and inner point 2 (2.24 mg/L) fell
below the recommended minimum (>3 mg/L), poten-
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tially stressing the fish, suppressing immune responses,
and favoring anaerobic microbial growth. In contrast,
the elevated DO at point 3 (10.24 mg/L) was likely
associated with intensive microalgal photosynthesis.
Nitrate ranged from 0.0141 to 0.1875 mg/L, remaining
within safe limits (<0.2 mg/L). The nitrite concentra-
tions were generally low (0.0451-0.556 mg/L) but ex-
ceeded the threshold at outer point 2, suggesting local-
ized pollution at this point. Ammonia remained within
safe levels (<0.02 mg/L) at all the sites, with the highest
concentration recorded at Point 1 (0.0095 mg/L).
Although nontoxic in its current ionic form, ammonia
can shift to a more toxic free form (NHs) under elevated
pH and temperature, posing potential ecological risks.
Wilcoxon signed-rank tests indicated no statistically
significant differences between inside- and outside-cage
measurements for temperature (p=0.842), pH (p=1.000),
dissolved oxygen (DOj; p=0.317), nitrate (p=0.528),
nitrite (p=0.463), and ammonia (p=0.779).

Discussion

This study hypothesized that tilapia and their aquat-
ic environment in Tanjung Bunga Lake harbor poten-
tially zoonotic bacteria exhibiting antimicrobial resis-
tance (AMR). Our findings support this hypothesis,
demonstrating the presence of several pathogenic
species, including Bacillus cereus, Plesiomonas shigel-
loides, Enterobacter spp., and Klebsiella pneumoniae,
with diverse multidrug-resistant (MDR) profiles.
The predominance of B. cereus, P. shigelloides, and
Enterobacter spp. reflects a microbial community
shaped by urban environmental pressures and is consis-
tent with reports from aquaculture systems in Asia and
Africa, where these taxa are commonly associated with
subclinical infections in fish and zoonotic transmission
to humans (Chitambo et al. 2023). In contrast, investi-
gations of clinically infected tilapia in Africa revealed
a relatively high prevalence of Aderomonas hydrophila
(43.8%), Aeromonas sobria (20.8%), Edwardsiella
tarda (8.3%), Streptococcus spp. (6.3%), and Flavobac-
terium spp. (4.2%) (Wamala et al. 2018), suggesting
that bacterial communities differ substantially between
healthy and diseased hosts. Although Aeromonas spp.
were detected at a relatively low prevalence in this
study, their presence remains significant, given their
documented virulence and resistance potential in aqua-
culture environments (Igbinosa et al. 2017, Fernandez-
-Bravo and Figueras 2020).

Interestingly, B. cereus is also widely used as a pro-
biotic in Nile tilapia farming, where it enhances non-
specific immunity and beneficially modulates the gut
microbiota, thereby improving host resistance to patho-

gens (Wang et al. 2017). Similarly, P. shigelloides
is a frequent commensal of freshwater fish species,
including tilapia, carp, trout, and eels, but can act as an
opportunistic pathogen under stress or immunocompro-
mised conditions (Janda et al. 2016). In Egypt, Entero-
bacter spp. isolated from tilapia have demonstrated
substantial diversity, with several strains displaying
zoonotic potential and distinct antibiotic resistance
profiles (Hamza et al. 2020). The AMR profiles
observed in this study highlight the critical risks to
aquaculture and public health. The most notable finding
was widespread resistance to erythromycin and penicil-
lin across several genera, including Enterobacter spp.,
Plesiomonas shigelloides, Serratia rubidaea and Kleb-
siella pneumoniae. These patterns are consistent with
previous studies showing the poor efficacy of B-lactams
and macrolides against Gram-negative bacteria owing
to intrinsic outer membrane permeability barriers and
efflux pump systems (Blair et al. 2015, Poirel et al.
2018, Reverter et al. 2020, Phu et al. 2021). Aeromonas
spp., a key pathogen known to cause septicemia in fish
and wound infections in humans, displayed a concern-
ing profile of 50% resistance and 50% susceptibility
across all tested antibiotics, including ciprofloxacin and
gentamicin, which are agents frequently used in human
and veterinary medicine. This heterogeneous resistance
likely reflects the coexistence of multiple strains
harboring distinct resistance determinants, potentially
mediated by plasmids, integrons or horizontal gene
transfer in antibiotic-rich aquatic environments (Sun
et al. 2019).

Compared with Gram-positive isolates, Gram-
-negative isolates generally presented greater resistance
burdens. B. cereus, B. subtilis, and S. sciuri remained
mostly susceptible, particularly to chloramphenicol,
ciprofloxacin and tetracycline. For example, B. cereus
is sensitive to gentamicin and chloramphenicol, with
minimal resistance to ciprofloxacin and tetracycline.
These findings align with earlier studies reporting com-
paratively lower resistance in Gram-positive aquatic
bacteria (Kesarcodi-Watson et al. 2008). Additionally,
antimicrobial susceptibility testing relies on a single
quality-control strain, which may limit comprehensive
validation of both Gram-negative and Gram-positive
isolates. The high non-susceptibility to penicillin and
erythromycin observed among Gram-negative bacteria
is consistent with well-established intrinsic resistance
mechanisms, including outer membrane permeability
barriers and active efflux systems characteristic of these
taxa. While antimicrobial selection pressure associated
with aquaculture activities cannot be excluded, the
absence of direct data on antibiotic usage in the present
study limits causal inference. Therefore, the observed
resistance to these antibiotics should be interpreted with
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caution, as it may primarily reflect intrinsic rather than
acquired resistance. Nonetheless, the presence of resis-
tance to commonly used antimicrobial agents may indi-
cate broader environmental exposure to antimicrobials,
warranting further investigation. Environmental condi-
tions may further influence the dynamics of pathogens
and resistance expression. Low dissolved oxygen
(DO < 3 mg/L) observed at some sites is known
to impair fish immune responses while favoring faculta-
tive anaerobic bacterial growth (Bulbul Ali and Mishra
2022). Although ammonia concentrations were low,
increases in pH and temperature could shift ammonium
toward the more toxic unionized ammonia (NHs) form,
thereby compromising fish health and increasing
the risk of infection (Kleinhappel et al. 2019, Parvathy
et al. 2023). Although most physicochemical parame-
ters fell within acceptable ranges, nitrite levels at one
site exceeded the recommended threshold, presenting
an additional stressor with the potential to disrupt fish
physiology and increase susceptibility to opportunistic
pathogens (Kroupova et al. 2005).

In conclusion, this study identified bacteria of pub-
lic health significance in Nile tilapia from Tanjung
Bunga Lake and characterized their antibiotic resis-
tance profiles, revealing notable food safety and public
health risks. The findings underscore the urgent need
for improved aquaculture management to curb the
emergence and spread of antibiotic-resistant bacteria.
Future research should focus on longitudinal monitor-
ing of resistance dynamics and the development of sus-
tainable, eco-friendly interventions to reduce antibiotic
reliance in aquaculture. This study has limitations.
Culture-based methods capture only the culturable
fraction of the microbial community, with incubation
conditions potentially favoring some taxa while under-
representing fastidious, anaerobic, or viable but
non-culturable organisms. Additionally, 12% of isolates
remained unidentified due to VITEK MS limitations.
The results reflect culturable bacteria rather than the full
microbiome, and integrating molecular approaches
could enhance ecological resolution and generaliza-
bility. The absence of molecular confirmation and resis-
tance gene profiling further restricts interpretation,
while the cross-sectional, single-site design prevents
assessment of seasonal or spatial variations.
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