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Abstract. Fish living in aquatic ecosystems constantly encounter spatial and
temporal changes in water temperature that shape their physiology and survival.
Such thermal variation also modulates the immune response of fish against bacterial
infection. Temperature shifts influence bacterial morphology, metabolism, and
pathogenicity, leading to increased fish mortalities from GBS infections—an
outcome rarely observed at water temperatures below 25°C. The research objective
is to conduct molecular detection of zoonotic diseases and antimicrobial resistance
in fish and their relationship to humans and the environment. Molecular analyses
included Multi-Locus Sequence Typing (MLST) based on seven gene loci and
genome-based prediction of antimicrobial resistance (AMR) profiles. Serotypes Ia,
Ib, and III were detected in isolates originating from both fish and humans.
Sequence type (ST) assignment was based on variation in seven housekeeping
genes—adhP, pheS, atr, gind, sdhA, gicK, and tkt. MLST revealed that S.
agalactiae shifted from ST 261 to ST 283 following exposure to high-temperature
conditions. Elevated temperature did not alter its antimicrobial resistance profile. A
panel of virulence genes —including acpC, cylA, cylB, cyID, cylF, cyll, cylX, cylZ,
cfa, cfb, cpsB, cpsC, scpB, neuB, neuD, and cylG—were expressed by S. agalactiae
following exposure to high temperatures. This temperature-dependent expression
highlights S. agalactiae’s dynamic nature and reinforces its potential as a zoonotic
threat in tilapia aquaculture under global warming conditions.
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1 Introduction

Globally, more than 200 zoonotic diseases have been described globally, and they rep-
resent a considerable fraction of both newly emerging and currently circulating human
infections [1]. Current estimates indicate that around 60% of all human pathogens and
roughly three quarters of emerging infectious diseases arise from animal hosts [1].

In Indonesia, Streptococcosis infection caused by the bacterium Streptococcus aga-
lactiae is recognized as a major cause of mortality in tilapia (Oreochromis spp.) at dif-
ferent life stages. The occurrence of this disease is influenced by environmental factors
that affect both the pathogen and its host, including deteriorating water quality in aqua-
culture systems and the implementation of poor or uncontrolled aquaculture manage-
ment practices. These conditions compromise the fish’s physiological responses and
overall health status. Studies in key tilapia-farming regions on Java Island have reported
non-hemolytic S. agalactiae as the predominant etiological agent of streptococcosis, as
demonstrated by Multilocus Sequence Typing (MLST) analyses [2]. This bacterium
typically infects tilapia during transitional seasons and under conditions of declining
water quality.

On brain heart infusion agar (BHIA), f-hemolytic S. agalactiae exhibit distinct char-
acteristic such as, produce thick, slightly pale, mucoid-consistency colonies that are
easily harvested from the agar surface. In contrast, non-hemolytic strains form thinner,
more transparent colonies that are often sticky and difficult to harvest.

Understanding bacterial genetic diversity is essential for identifying causes of dis-
ease outbreaks and designing effective prevention strategies. MLST has been widely
applied to examine genetic variation in S. agalactiae isolates derived from both fish
and cattle [3]. Both MLST and Pulsed-Field Gel Electrophoresis (PFGE) are commonly
employed to differentiate S. agalactiae strains due to the bacterium's wide host range,
which includes humans, cattle, and fish [4].

The pathogenicity of S. agalactiae is closely associated with the presence and func-
tion of virulence genes. These genes can be broadly categorized into groups responsible
for adhesion (adhesins), invasion (invasins), immune evasion (immune evasins), and
cell surface-associated metabolic enzymes [4—6]. Characterization of these virulence
genes is an essential step towards effective vaccine development and targeted preven-
tion of streptococcosis in aquaculture [7].

The research objective is to perform molecular detection of zoonotic diseases based
on MLST, virulence genes profiling, and antimicrobial resistance (AMR) analysis in
fish and to assess their relevance to humans and the environmental health.

2 Materials and Methods
2.1. Experimental Design
The study used a completely randomized design (CRD) including five treatment

groups, each with three replicates. Each replicate consisted of 100 Nile tilapia
(Oreochromis niloticus). The treatments were as follows:
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1. Nile tilapia (O. niloticus) infected with S. agalactiae (Sa) and reared at 30 °C
(S30),

Nile tilapia (O. niloticus) infected with Sa and maintained at 31 °C (S31),
Nile tilapia (O. niloticus) infected with Sa and maintained at 32 °C (S32),
Nile tilapia (O. niloticus) infected with Sa and maintained at 33 °C (S33), and
Uninfected Nile tilapia (O. niloticus) reared at 30 °C as the control (SK30).

AN

2.2 Species-Specific PCR Detection of Streptococcus agalactiae

Group B Streptococcus (GBS) colonies were first cultured on Columbia sheep blood
agar at 37 °C for 24 h. One to three freshly grown colonies were resuspended in 200 pl
of TE buffer (10 mmol/l Tris—HCI, 1 mmol/l EDTA; pH 8.0) in microcentrifuge tubes.
The suspensions were mixed and subjected to heat lysis at 90 °C for 15 minutes, fol-
lowed by centrifugation at 14,000 rpm for 10 minutes.

Species-level identification of S. agalactiae was performed using a polymerase chain
reaction (PCR) method [3] employing the primers agal 1 (5°-
ATAAGAGTAATTAACACATGTTAG-3) and agal I 5-
ACTTCGGGTGTTACAAAC-3’), which are designed to amplify a 1250 bp DNA frag-
ment specific to the target species.

The PCR thermal cycling conditions consisted of an initial denaturation at 95 °C for
5 minutes, followed by 35 cycles comprising denaturation at 94 °C for 1 minute, primer
annealing at 50 °C for 1 minute, and extension at 72 °C for 7 minutes. A final extension
step was carried out at 72 °C for another 7 minutes.

Amplicons were resolved by electrophoresis in 2% agarose gel (Biozym, Hessisch-
Oldendorf, Germany), with 12 pl of the reaction mixture loaded per well. The gel was
run at 120 volts in 1x Tris-acetate-EDTA (TAE) buffer (0.04 mol/l Tris, 0.001 mol/l
EDTA; pH 7.8). A 100 bp DNA ladder (GeneRuler, MBI Fermentas) was used as a
molecular weight marker to estimate the sizes of the amplified fragments.

2.3 MLST Amplification and Nucleotide Sequencing

Colonies identified as positive through PCR were subjected to further analysis using a
series of primers listed in Table 1. PCR amplification was carried out using seven dis-
tinct pairs of oligonucleotide primers, which were based on the GBS NEM316 genome
sequence. Each PCR reaction was set up in a 50 pl volume, containing 5 pl of DNA
template, 20 pmol/pl of each primer (TIB MOLBIOL Syntheselabor, Berlin, Germany),
PCR buffer with 1.5 mM MgCl. (Qiagen, Hilden, Germany), 0.5 pl of Taq DNA poly-
merase (Qiagen), and 1.6 mM of a INTP mixture (ABgene, Epsom, UK).

Thermal cycling consisted of an initial denaturation at 94 °C for 1 minute, followed
by 35 cycles of 94 °C for 1 minute, 55 °C for 45 seconds, and 72 °C for 1 minute. PCR
products were checked on agarose gels and visualized under ultraviolet (UV) light.

Amplicons were purified using the MicroElute Cycle Pure Kit (Omega Bio-tek), fol-
lowing the instructions provided by the manufacturer. The nucleotide sequences of each
DNA strand were then analyzed using an Eppendorf BioPhotometer 6131. After puri-
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fication, the samples were commercially sequenced by Gottingen Laboratories. The re-
sulting sequences were compared to those in the Gene Bank database using the BLAST
tool provided by the National Center for Biotechnology Information (NCBI). Each bac-
terial isolate was assigned a unique seven-digit number based on its allelic profile. For
the Multi-Locus Sequence Typing (MLST) analysis, seven specific gene loci were se-
lected: glutamine synthetase (g/nA), phenylalanyl tRNA synthetase (pheS), alcohol de-
hydrogenase gbs0054 (adhP), amino acid transporter gbs0538 (atr), serine dehydratase
gbs2105 (sdhA), transketolase gbs2105 (tkf) and, glucose kinase gbs0518 (glcK). Iso-
lates sharing identical allelic profiles were categorized under the same sequence type
(ST), which were numbered sequentially in the order they were identified (e.g., ST-1,
ST-2, and so on). All data were submitted to an online database available at http://saga-
lactiae.mlst.net.

2.4 Virulent Gene Identification

The identification of virulence genes in Streptococcus agalactiae was performed ac-
cording to the methods described by [5, 8] (see Table 1). Bacterial cells were suspended
in 200 pL of TE buffer (10 mmol/L Tris-HCI, 1 mmol/L EDTA; pH 8.0), then heated
in a thermomixer at 98 °C for 10 minutes and centrifuged at 14,000 x g for 10 minutes.
The DNA concentration was measured using a NanoDrop™ spectrophotometer
(Thermo Scientific, USA). The extracted DNA was stored at —20 °C until further use.

PCR amplifications were carried out in a T-personal thermal cycler (Biometra) with
the following profile: 94 °C for 2 minutes for initial denaturatuion; 25 cycles of 92 °C
for 1 minute for denaturation, 55 °C for 1 min, for annealing process and 72 °C for 90
seconds; and a final extension at 72 °C for 5 minutes.

PCR products were electrophoresed using 12 pLL of amplicon on a 1.5% agarose gel
at 120 V in 1x Tris-acetate-EDTA (TAE) buffer (0.04 mol/L Tris, 0.001 mol/L EDTA;
pH 7.8) for 15 minutes. A 25 bp marker (Promega, Madison, WI, USA) and a 100 bp
DNA ladder (MBI Fermentas) were used as molecular size standards.

Table 1. Primers used to detect virulent genes of Streptococcus agalactiae.

Viru- Product
lent Gene Product ~ Primer  Primer sequence (5-3’) Length
Gene (bp)
B-hemolysin cylE F' TTCTCCTCCTGGCAAAGCCAGC
cylE cvtolysin 124*
cylE R CGCCTCCTCCGATGATGCTTG
Hyaluronate hylB F TCTAGTCGATATGGGGCGCGT
hylB Iase 136*
hylB R ACCGTCAGCATAGAAGCCTTCAGC
Imb laminin bind- Imb F TGGCGAGGAGAGGGCTCTTG 105*

ing protein
Imb_R ATTCGTGACGCAACACACGGC
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lmmunogenic L 4 g A ACCAGAAGCCAAGCCAGCAACC

bibA bacterial adhe- 127*
sion bibA R AGTGGACTTGCGGCTTCACCC
PI-
PL2b pili-2b back- 2b F AGGAGATGGAGCCACTGATACGAC 175%
bone PI-
2b R ACGACGACGAGCAACAAGCAC
Fibrinogen-
fhs 4 binding pro- fbs A F  GTCACCTTGACTAGAGTGATTATT g5
tein A fbsA R CCAAGTAGGTCAACTTATAGGGA
Fibrinogen-
fbs B binding pro- fbs B F TCTGTCCAACAGCCGGCTCC 144
tein B fbs B R  TTCCGCAGTTGTTACACCGGC
gap GAPDH gap F AGACCGATAGCTTTTGCAGCACC 100%
gap R GATCCTTGACGGACCACACCG
PLI pili-1 back- PI-1 F  AACAATAGTGGCGGGGTCAACTG 102
bone

PI-I R TTTCGCTGGGCGTTCTTGTGAC

cfbS CGACAGCATCACACGAAAAATACA 900**
cfbA TGACGACCTTTTGGACAAGTAGTAA

cfb CAMP factor

4], **(7]

2.5 Detection of Antimicrobial-resistant gene

A single bacterial colony was suspended in 1000 pl sterile double-distilled water and
heated at 95 °C for 5 minutes. After centrifugation at 14,534 x g and 4 °C for 15
minutes, 500 pl of the supernatant was transferred to a fresh tube and stored at —20 °C
as template DNA.

PCR reactions (25 pl) contained 12.5 pul GoTaq® Green Master Mix (Promega,
USA), 0.5 pl of each forward and reverse primer, 9.5 pl sterile distilled water, and 2 pl
DNA template. The cycling conditions were: 95 °C for 2 minutes; 40 cycles of 95 °C
for 30 seconds, primer-specific annealing temperature for 30 seconds, and 72 °C for 1
minute; followed by a final extension at 72 °C for 5 minutes.

Primer sets (Integrated DNA Technologies, Singapore) targeted tetracycline re-
sistance genes tet(A), tet(B), tet(E), macrolide resistance gene erm(B), and fluoroquin-
olone resistance gene gnr(S). Amplicons were electrophoresed in 1.5 % agarose gels
(Vivantis, Malaysia) in TAE buffer at 100 V for 10 minutes and visualized under UV
illumination or using the UV electrophoresis gel observation.
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3 Result and Discussion
3.1 Species-Specific Detection of Streptococcus agalactiae through PCR

Temperature affects the pathogenicity of the bacteria but it remains identified as S.
agalactiae. High temperatures have the potential to increase the virulence of the
pathogen which has been shown to have a higher mortality rate at conditions above 25
°C, indicating a critical thermal threshold for disease severity (Fig. 1).
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Fig. 1. S. agalactiae positive using PCR. The marker loaded in well number 1 and 12. The 2"
and 13" wells are the positive controls. The wells number 4-11 and number 14-20 consist of fish
samples (O. niloticus). All of the fish samples were treated in a temperature higher than 25°C.

3.2 Multi Locus Sequence Typing (MLST)

We previously identified Streptococcus agalactiae in fish as sequence type (ST) 261,
a strain genetically distinct from those commonly found in bovine and human hosts.
However, our findings indicate that rising water temperatures contributed to a signifi-
cant shift in its genetic makeup, with the strain transforming into ST 283—a sequence
type associated with increased virulence. Notably, ST 283 has been linked to a major
outbreak in Singapore, where it caused severe illness and mortality in humans who
consumed contaminated fish. This change underscores the increasing risk of zoonotic
transmission, driven by environmental factors such as global warming, and highlights
the need for ongoing surveillance and preventive measures in aquaculture and public
health.

According to [9], Arabidopsis thaliana plants respond to infection by the pathogen
Pseudomonas syringae pv. tomato exhibited several defense reactions. Within just 10
minutes, they marked alterations in the steady-state expression levels of roughly 650
genes. By the seventh hour, a dramatic alteration in gene expression patterns was ob-
served, involving around 2,000 genes associated with various cellular processes. This
transition from routine metabolic activity to defense metabolism is driven by changes
in regulatory and signaling networks, as well as by the increased energy demands and
biosynthetic requirements of plants resisting pathogen attack [9].

Furthermore, according to [10] at a practical level, housekeeping genes are genes
which are expressed at relatively constant levels across cell types, developmental
stages, cell-cycle phases, and environmental conditions and are often used as markers
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of normal physiological status; however, conservation and change over evolutionary
time allows species to diverge, giving rise to species- or lineage-specific genomic char-
acteristics and distinct gene functions. Given that sequence type (ST) 283 is zoonotic—
unlike ST 26 1—further research is warranted to elucidate its underlying mechanisms
and broader implications for host-pathogen interactions and public health.

3.3 Virulence Gene Expression

At the highest temperature, all virulence genes depicted a positive reaction, indicating
temperature-dependent gene expression. The characteristics of the Papua isolate of S.
agalactiae in 2013 showed a negative CAMP (Christie, Atkinson, Munch, Peterson)
test —linked to the c¢fb gene [11]. However, by 2023, the same S. agalactiae isolate
showed a positive CAMP test. Meanwhile, the Java S. agalactiae isolate remained pos-
itive. It appears that increasing environmental temperature may change the virulence
properties, potentially as an adaptive response to enhance survival under thermal stress.
Even though there is no evidence of S. agalactiae spillover from fish to human nowa-
days, this result showed potential risk of zoonotic disease caused by these bacteria.

—
=
=
o
—_—
—
—

Fig. 2. The tested virulence genes of Streptococcus agalactiae were positively detected by
PCR. The sample was collected from Nile tilapia (Oreochromis niloticus). The markers
were loaded into well number 1. Well number 2-10 represent the cylE, hylB, Imb, bibA, PI-
2b, fbsA, fbsB, gap, and PI-1, respectively.

According to [11], bacteria are capable of adapting to environmental temperature
changes. Biological thermosensors in bacterial cells work simultaneously at the level
of the transcription chain and cellular structure (Fig. 2). The expression of virulent
genes is activated by environmental conditions such as warming temperatures, resulting
in a shift from non-pathogenic to pathogenic lifestyles that occurs indirectly or directly
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[11]. Furthermore, according to [12] that all pathogenic properties depend on tempera-
ture.

After surviving the new temperature, pathogens become fitter over time (a measure
of adaptation) where this increased fitness is due to de novo mutational selection and
and is regarded as an indication of rapid evolutionary adaptation to temperature shifts
[13].

3.4 Antimicrobial Resistance

Antimicrobial susceptibility testing of Streptococcus agalactiae isolates collected from
Nile tilapia (Oreochromis niloticus) using the disk diffusion method is presented in Fig.
3. Clear inhibition zones indicate varying levels of bacterial sensitivity to different an-
tibiotics. All isolate tested in the figure were sensitive to Chlorampenicol and resistant
to more than one antibiotic.

Fig. 3. Antimicrobial susceptibility testing of Streptococcus agalactiae isolates collected from
Nile tilapia (O. niloticus) using the disk diffusion method. R indicates Resistance with no disk
appeared, S indicate Sensitivity with wide clear disk, and I indicate Intermediate presented by
small disk appearance.

The antibiotic properties of S. agalactiae from research in 2011 [14-16] and research
conducted in 2025 are presented in Table 2.

Table 2. Sensitivity of S. agalactiae to some antibiotics.

Antibiotics / Concentration Year

2011 2012 2019 2025
Cloramphenicol/ C-30 pg S S S Resistant to
Cephalothin/ KF-30 pg S R R Erythromy-
Tetracycline/ TE-30 pg R S 1 cin, only
Methicillin/ MET-5 pg R S R
Enrofloxacin/ ENR-5 g nd R R
Rifampicin/ RD-5 pg nd nd R
Erythromycin/ E-15 g 1 S nd

*Note= R: Resistant, S: Sensitive, I: Intermediate, nd: none detected.
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Molecular detection methods revealed that antimicrobial resistance (AMR) of S.
agalactiae profiles remained largely unchanged despite the increased temperature
exposed. This finding underscores the critical necessity for ongoing surveillance of re-
sistance profiles in response to environmental changes, ensuring effective and
evidence-based treatment strategies.

4. Conclusion

This study demonstrates that temperature variability strongly influences the pathogenic
behaviour and genetic traits of S. agalactiae in aquatic systems. Elevated water tem-
peratures altered the bacterium’s sequence type—shifting from ST 261 to the more vir-
ulent ST 283—and induced expression of multiple virulence genes. In contrast, antimi-
crobial resistance profiles remained stable across temperature treatments. The detection
of identical serotypes and sequence types in both fish and humans underscores the zo-
onotic potential by S. agalactiae. These findings emphasize the importance of monitor-
ing environmental changes or climate-related stressors, particularly global warming,
and their impact on the emergence and evolution of fish pathogens, which may pose
significant threats to both aquaculture sustainability and public health.
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