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Emergence of human associated
bacterial pathogens in Anabas
testudineus reared in freshwater
Biofloc systems
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In India, biofloc systems for freshwater fish farming have encountered significant challenges, with
many projects failing due to widespread disease outbreaks. This study investigates the causes of these
outbreaks, revealing that unhygienic conditions play a major role in the emergence of new diseases.
Focusing on Anabas testudineus, the study examines the link between poor biofloc management,
reverse zoonosis, and antimicrobial resistance. Twelve pathogenic bacterial isolates were recovered
from fish reared in biofloc environments and identified through morphological, biochemical, and
molecular techniques. Among these, eight were gram-negative rods and four were gram-positive
bacilli. Notably, molecular identification revealed that most of the isolates, including Enterobacter
cloacae, Klebsiella aerogenes, Citrobacter werkmanii, and Acinetobacter seifertii, are primarily human
pathogens, rarely reported in fish. These bacteria exhibited various exoenzyme activities, indicating
their pathogenic potential. Antibiotic susceptibility testing revealed inherent resistance in most
isolates, raising concerns about biofloc systems fostering antimicrobial resistance even without prior
antibiotic exposure. The study also underscores the risk of reverse zoonosis, emphasizing the need for
stronger biosecurity measures to prevent the transfer of pathogens between humans and fish.
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In recent years, biofloc systems for freshwater fish farming in India have encountered significant challenges, with
many projects failing due to widespread disease outbreaks. As global demand for seafood continues to rise due
to increasing health awareness, population growth, and shifting dietary preferences!, the aquaculture industry
is under pressure to meet market demands while adhering to more environmentally stringent regulations?. To
address the depletion of water resources and the limitations of capture fisheries, the industry has transitioned
from traditional to intensive aquaculture systems, aiming to maximize fish production while minimizing
the use of water, land, and space. Among many types of advanced aquaculture systems, biofloc technology
(BFT) has gained attention for its potential to enhance biosecurity, improve environmental stewardship, and
ensure economic viability>*. This technology is regarded as a dynamic alternative method because nutrients
can be recycled and reused in perpetuity. The sustainable viewpoint of such a system is highly based on in-
situ microbial cells as it needs minimum or zero water exchange rates, making this technology a cost-effective
and environment-friendly ecosystem that supports sustainable aquaculture, conserves feed inputs, and utilizes
wastewater during the production system.

BFT, a closed-loop aquaculture system, utilizes microorganisms to improve water quality, recycle nutrients,
and manage diseases. Countries such as India, Indonesia, Vietnam, Thailand, and Bangladesh have increasingly
adopted BFT due to its cost-effectiveness and ecological benefits. A recent study highlighted India as the third
most productive nation in biofloc farming, following Brazil and China®. The system promotes sustainability
by converting toxic ammonia into protein-rich flocs, reducing the need for water exchange, and conserving
feed resources®’. Despite these advantages, disease outbreaks remain a significant hurdle to the success
of biofloc systems, particularly in India. Several research studies®~!” have found the presence of Aeromonas
hydrophila, A. salmonicida, Pseudoalteromonas aeruginosa, Vibrio alginolyticus, V. fluvialis, Bacillus cereus,
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Vibrio parahaemolyticus, Staphylococcus sp. and Klebsiella pneumoniae. All of these microbes have their role and
interact with one another in the system to facilitate the bioremediation mechanism.

Anabas testudineus, commonly known as climbing perch, is an indigenous fish species in India and plays a
key role in freshwater aquaculture in Northeast India!l. The species is well-suited to biofloc systems due to its
tolerance to high particulate matter and poor water quality, making it especially popular in regions like Tripura,
which has one of the highest per capita fish consumption in the country'2. However, the growing population
and geographical constraints in the region have limited the expansion of fish farming, increasing the reliance on
innovative methods like biofloc-based culture to meet the rising demand for fish protein. Despite the benefits
of biofloc technology, the system has been hindered by disease outbreaks, which have caused significant losses
in fish production.

Diseases caused by viruses, bacteria, fungi, parasites, and other pathogens are major challenges in aquaculture.
In biofloc systems, pathogenic bacteria can thrive under suboptimal environmental conditions, leading to
disease outbreaks'®. Poor water quality, particularly ammonia poisoning, can impair fish immune responses
and increase susceptibility to infections!. While biofloc systems offer natural immune-enhancing properties
through the presence of probiotics and heterotrophic bacteria that help regulate ammonia levels and suppress
harmful pathogens’, disease outbreaks remain a persistent issue. This is particularly evident in West Bengal,
where biofloc farms have reported significant mortalities due to inadequate disease prevention and treatment
measures'>. Inadequate knowledge in terms of water quality, floc quality and quantity, low-quality probiotics,
electricity problems, non-trained culturist, insufficient aeration and build-up of NH,*-N and NO,- poses an even
greater challenge to farmers who may incur significant losses due to pathogenic bacteria in the biofloc microbial
community, leading to disease outbreaks and economic loss!®. In contrast, inadequate and unstable water quality
is caused by the inability of the microbial community to regulate the concentration and ionic balance of all
nutritional constituents in BFT'®. In Anabas culture, both pond and biofloc systems have been vulnerable to
disease outbreaks, with several unpublished reports highlighting the frequent occurrence of diseases linked to
improper stocking practices and the use of untreated water!”. This study aims to address these challenges by
identifying and isolating bacterial pathogens associated with disease outbreaks in biofloc systems, followed by
phylogenetic analysis based on partial 16 S rRNA gene sequences to confirm the evolutionary relationships of
these pathogens. The findings from this research will be crucial for developing effective disease management
strategies, including targeted therapies and vaccination approaches, to mitigate the impact of diseases in biofloc-
based aquaculture systems.

Materials and methods

Ethical approval

All experiments involving fish were performed in accordance with the standard national and international
guidelines and policies suggested by the Institutional Animal Ethics Committee (IAEC) of the College of
Fisheries, Central Agricultural University, Imphal with approval number CAU-CF/48/IAEC/2018/03.

Farm location

The study was carried out for a period between December 2021 to April 2022. A total of eleven biofloc farms in
Tripura, India, having disease were selected for the study (Fig. 1; Table 1). The investigation was initiated through
National Surveillance Programme for Aquatic Animal Diseases Phase II project in response to reports from
farmers concerning fish mortalities and by active surveillance. The affected fishes primarily weighed over 50 g.
Employing visual signs such as exophthalmia, fin base and scale pocket hemorrhages, and fin erosion.

Sample collection

To determine the environmental conditions, parameters such as temperature, dissolved oxygen (DO), pH,
alkalinity, ammonia, and nitrite were estimated utilizing methods advocated by APHA!®. Remarkably, these
parameters remained consistently stable across all the sampled farms, with dissolved oxygen averaging at 9.5

Fig. 1. Diseased fish sampled from different sites: (a) Erosion of fin, (b) Hemorrhages at scale pocket, (c) Eye
filled with fluid.
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SL no. | Location GPS coordinates District Cultured fish External clinical signs in A. testudineus
1. Bishalgarh (B1) 23°40726.39"N/91° 16” 54E Sepahijala A. testudineus Hemorrhage at fin base

2. Madhopur (B2) 23°84'07"N/91°27'69"E Sepahijala A. testudineus Pale gills

3. Purba naogaon (B3) | 23°81'94”N/91°31'74"E West Tripura | A. testudineus Exophthalmia, hemorrhage

4. Purba naogaon (B4) | 23°81'94” N/91° 31" 74E West Tripura | Anabas testudineus Scale loss

5. Takarjala (B5) 23°41'53”N/91° 24" 20E Sepahijala A. testudineus Hemorrhagic fin base

6. South Nalachar (B6) | 23° 54"92” N/91° 35" 17E Sepahijala A. testudineus, Puntius javanicus Exophthalmia, Red vent

7. Melaghar (B7) 23°3075.318"N/91° 19" 26.321E | Sepahijala A. testudineus, Mystus tengara Fin rot

8. Melaghar (B8) 23°40726.39"N/91° 16" 54.12" E | Sepahijala A. testudineus, Oreochromis niloticus | Hemorrhage around eye

9. Melaghar (B9) 23°30715.29"N/91°19'20.9"E | Sepahijala A. testudineus, Heteropneustes fossilis | Scale erosion, skin ulcer

10. Melaghar (B10) 23°43716.21"N/91.12’50.70" E | Sepahijala A. testudineus Pale gills

11. Bishalgarh (B11) 23°43753.32"N/91°09'25.31”E | Sepahijala A. testudineus Erythema at fin base and anal area

Table 1. Geographical locations of farm with observed clinical signs in fish. B: Biofloc.

+ 0.5 mg/L, temperature at 22 + 2.5 °C, and pH at 7.0 + 1.50. Although owned by different individuals, these
farms exhibited similar culture conditions, encompassing the utilization of commercial diet and the rearing
of fish in tanks measuring 10-20 m?, with a density ranging from 80 to 100 individuals per cubic meter. After
transportation to the laboratory, the handling of the fishes adhered strictly to the existing laws and acts in India.

Isolation of pathogenic bacterial isolates

The process of bacterial isolation stands as a pivotal stage in the identification and control of the disease,
executed in accordance with standard laboratory methods. In order to initiate, fish samples in their morbidity
state were humanely sacrificed through decapitation, duly cleaned with 70% alcohol before dissection. The
kidney, liver, and spleen were carefully obtained in sterile manner and subsequently macerated in physiological
saline, maintaining a ratio of 1:10 (weight of tissue to volume of diluent). Following this, a centrifugation at 5000
RPM was done, followed by a series of dilutions up to a 107°. The diluted samples were methodically spread
across sterile nutrient agar (NA) plates. These inoculated plates were then incubated at a constant temperature
of 35 °C for duration of 24 h. Upon completion of the incubation period, a thorough examination of the colony
morphology on the NA plates was carried out, enabling the identification and selection of distinct colonies
exhibiting unique characteristics such as color, size, and shape. The chosen colonies were subsequently streaked
onto fresh NA plates to achieve a pure culture and incubated at 35 °C for duration of 24 h.

Phenotypic characterization of isolates by presumptive biochemical test

The bacterial isolates underwent phenotypic characterization to ascertain their probable identification.
Subsequently, identification of bacteria is based on the characteristics of Gram’s stain, colony morphology,
and motility. Additionally, a series of biochemical assays was also conducted. It includes nitrate reduction
tests, urease test, IMViC assessments (Indole, Methyl red; Voges-Proskauer and Citrate) exclusively for gram-
negative isolates. Furthermore, the catalase test, gas production from glucose, triple sugar iron test, amino acid
decarboxylation evaluation, and carbohydrate fermentation test were carried out by using media from HiMedia,
India in accordance with established methodologies!*-2.

Molecular identification

DNA extraction, polymerase chain reaction (PCR) amplification, and sequencing

The most advanced technique for categorizing and identifying microorganisms is molecular approach. Molecular
identification of each bacterial isolates obtained was done by using universal bacterial primer 16S rRNA gene
sequence analysis, 27F (5 AGAGTTTGATCCTGGCTCAG 3’) and 1492R (5 TACGGTTACCTTGTTACGAC
TT 3’)22,23.

Bacterial genomic DNA extraction and 16 S rRNA PCR amplification

The heating technique was used to extract genomic DNA from the fresh bacterial culture by growing on NA
for 24 h at 35 °C. A loopful of this culture was suspended in 50 pl of 1x Tris-EDTA (TE) buffer (pH 8.0) and
lysed at 98 °C for 15 min in a thermal cycler (Eppendorf, Germany) followed by snap cooling at -20 °C. The cell
debris was settled by centrifugation at 10,000 RPM for 2 min and the supernatant was used as DNA template
for PCR amplification. All the PCR reactions were performed in a thermal cycler?!. The gene amplification was
accomplished by employing 16 S rRNA universal bacterial primers®. The reaction was performed in a DNA
thermal cycler (Eppendorf) with reaction mixtures (final volume 25 ul) containing 13 pl of PCR Master mix
(HiMedia, India), 1.0 pl (10 pmol) each of forward and reverse primers, 1.0 pl of DNA template and 9 pl of
nuclease-free water. Amplification was performed with the program as 1 cycle of initial denaturation at 95 °C for
10 min, followed by 35 cycles of denaturation at 95 °C for 30 s, annealing at 55 °C for 30 s and extension at 72 °C
for 2 min, with a final extension of 72 °C for 7 min?*-26,

Sequencing and phylogenetic analysis
The purified PCR products were sequenced with the same universal primer 27 F (5'-AGAGTTTGATCCTGGCT
CAG-3’) in forward direction by using the Sanger sequencing method and was carried out in an automated DNA
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Analyzer (ABI3730 (48 capillary) Sequencers, Applied Biosystems, Foster City, CA, United States) at Bioserve
Biotechnologies Pvt. Ltd., India. The sequence data were compiled, analyzed, and matched with the GenBank
database using the Basic Local Alignment Search Tool (BLAST) algorithm?’ with the help of Chromas software
(Technelysium Pvt. Ltd., Australia). A phylogenetic tree was constructed by the neighbor-joining method?
using the software MEGA11%. Phylogenetic neighbours were selected based on the results of BLAST using 16 S
rRNA sequences of the isolates and closely related species retrieved from the NCBI GenBank database. Genetic
distances were obtained by employing Kimura’s 2-parameter model®.

Antibiotic susceptibility test

The antibiotic sensitivity test was used to determine the sensitivity or resistance of the isolates to specific
antibiotics. The test was conducted in accordance with the guidelines established by the Clinical and Laboratory
Standards Institute (CLSI). This was performed using reliable and widely used Kirby-bauer disc diffusion
method described by Bauer?!. A total of 16 antibiotic discs Amikacin, Cefoxitin, Cephalothin, Chloramphenicol,
Clindamycin, Nitrofurantoin, Tobramycin, Trimethoprim, Neomycin, Oxytetracyclin, Cefotaxim, Cefalexin,
Ticacilin, Furazolidin, Bacitracin, Spectinomycin (HiMedia, India) having different discs potency were used.
Muller-Hinton agar (HiMedia, India) plates were prepared aseptically and swabbed with overnight grown
cultures of the bacterial isolates and antibiotic discs were aseptically placed. The plates were incubated at 35 °C
for 24 h. After incubation period the clear zone formed around the antibiotics disc was recorded using Antibiotic
Zone Scale (HiMedia, India). Zone diameters of inhibition were interpreted as susceptible, intermediate, or
resistant based on CLSI breakpoints.

Determination of phenotypic virulence potential of the isolates

The phenotypic detection of virulence determinants of the test bacteria was analyzed based on their ability for
the expression of some soluble virulence factors such as gelatinase activity’?, amylase activity™, lipase activity®,
DNase activity®®, caseinase activity®, and biofilm production®” by following the standard protocol.

Results

Collection of diseased fish sample

External examinations of fish show fin erosion (Fig. 1a), hemorrhages of fin base and scale pocket (Fig. 1b),
exophthalmia in eyes and hemorrhage around the periorbital tissue (Fig. 1c). Many of the infected fish with
abnormal behaviour or clinical sign became eviscerated. A total of twelve bacterial isolates were originally
recovered. All isolates were obtained from head kidney, liver and spleen of diseased A. testudineus by spreading
on NA plates. At first multiple colonies with distinct morphology were obtained and then pure cultures were
procured by streaking and re-streaking of the morphologically distinct isolated colony on fresh NA media. Then
isolated pure cultures were preserved in tryptone broth supplemented with glycerol and stored at 4 °C. The
bacterial isolates with distinct morphology were obtained and coded as B3.1, B3.2, B6.1, B6.2, B7.1, B7.2, B7.3,
B8.1, B9.1, B9.2, B9.3, B11.1.

Phenotypic identification of pathogens
Lesions and mortality from the farms

Severe tissue damage was found in the sampled fish. Some fishes presented multiple bacterial colonies on their
body.

Isolation, phenotypic and biochemical characterization

Among the eleven sampling sites scrutinized, a notable collection of twelve harmful bacterial isolates was carefully
obtained from commercial biofloc, revealing a concerning incidence of diseases. To determine the identification
of these bacterial isolates, a mix of advanced methods, including gram staining, biochemical tests, and molecular
characterization, were used. Noticeably, a formidable majority of the isolates, precisely 66.66%, displayed the
gram-negative affinity, while the remaining 33.33% intriguingly showed gram-positive. The colonies, with a rod-
shaped symmetry, had an intriguing gram-negative composition (named as B6.1, B6.2, B7.1, B7.2, B7.3, B9.3,
and B11.1), while the remaining were gram-positive counterparts (named as B3.1, B3.2, B8.1, and B9.2). B6.1
and B7.1 of the isolated microbial group showed low or surface motility.

Biochemical characterization of isolated bacteria

The physiological and chemical responses of all bacterial isolates are shown in Table 2. Different biochemical
tests like oxidase, catalase, indole, MR, VP, citrate utilization, TSI, H,S production, nitrate reduction test, amino
acid decarboxylation (ornithine and lysine), urease test and carbohydrate fermentation (glucose, sucrose,
arabinose and inositol) were performed, and the results were analysed by following the method suggested by
Bergey’s manual®®.

Molecular identification

PCR amplification and sequence analysis

To classify the bacterial organisms taxonomically, we selectively amplified the 16 S rRNA genes from twelve
isolates and analyzed their genetic information. This data was then compared to closely related 16 S rRNA
sequences available in the GenBank database. All 16 S rRNA sequences derived from these twelve bacterial
isolates, obtained during this study, have been cataloged and deposited in the GenBank database with accession
numbers OP218088 to OP218099.
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Nucleotide BLAST and phylogenetic analysis of the isolated bacteria

The identity of bacterial isolates after comparing their DNA sequences with those available in the GenBank
NCBI (National Centre for Biotechnology Information) database using BLAST (Basic Local Alignment Search
Tool) 2.13.0+ program showed similarity with the identified species and isolate codes B11.1, B9.2, B7.1, B3.1,
B3.2, B6.1, B6.2, B9.1, B7.3, B8.1, B7.2, and B9.3 were identified with their NCBI Accession no. Enterobacter
ludwigii (OP218088.1), Brevibacillus borstelensis (OP218089.1), Acinetobacter seifertii (OP218090.1),
Paenibacillus azoreducens (OP218091.1), Aneurinibacillus migulanus (OP218092.1), Acinetobacter nosocomialis
(OP218093.1), Citrobacter werkmanii (OP218094.1), Enterobacter ludwigii (OP218095.1), Enterobacter cloacae
(OP218096.1), Bacillus cereus (OP218097.1), Enterobacter asburiae (OP218098.1), and Klebsiella aerogenes
(OP218099.1) respectively. The identification results were similar to those found through physiological and
biochemical identification. By constructing a single comprehensive phylogenetic tree, it was revealed that B.
borstelensis, P. azoreducens, A.migulanus, and B. cereus form a distinct cluster within the Firmicutes phylum
with Paenibacillaceae and Bacillaceae family respectively. E. cloacae, E. ludwigii, and E. asburiae were grouped
together, suggesting their close evolutionary relationship within the family Enterobacteriaceae. Additionally, K.
aerogenes and C. werkmanii were found to be closely related within the Enterobacteriaceae family. A. seifertii and
A. nosocomialis clustered together, forming a distinct branch within the Moraxellaceae family of Proteobacteria
phylum (Fig. 2).

Antibiotic susceptibility test

During the evaluation of antibiotic susceptibility, most bacterial isolates demonstrated a notable sensitivity to
a wide spectrum of antibiotics (Table 3). Moderately, chloramphenicol displayed a sensitivity rate of 66.6%.
Clindamycin and bacitracin, exhibited a resistance rate of 91.6%. Cefoxitin registered an 83.3% resistance rate,
while cefalexin presented a 50% resistance rate. Moreover, the bacteria exhibited resistance to trimethoprim,
nitrofurantoin, neomycin, and oxytetracycline at rate of 33.3% (Fig. 3). Notably, the antibiotic susceptibility
profile of major bacterial divisions is visually represented in Fig. 4.

Determination of virulent potential of the isolated bacteria
The phenotypic determinants were assayed by gelatinase, amylase, lipase, DNase, caseinase activity, and biofilm
production (Table 4).

Discussion

This study aimed at the isolation and identification of bacterial pathogens associated with diseased fish of
biofloc-based aquaculture units in Tripura’s landscapes. In addition to the presence of disease in anabas fish from
six biofloc farms, co-infections involving multiple bacterial pathogens were detected at several of these sites.
Fishes having significant signs of disease, such as ulcerative skin lesions, unusual behaviour, or morbidity were
sampled. Subsequently, biochemical and molecular diagnosis by using 16S rRNA universal primer was done.
The characterization of pathogens allows us for better disease diagnosis, treatment, and prevention, thereby
safeguarding the health and productivity of fish reared in Biofloc systems. The human bacterial pathogens that
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Fig. 2. Phylogenetic relationship of the representative isolates with 16 S rRNA sequences of the isolates
obtained using maximum likelihood approach. The names of the major divisions of prokaryotes represented
are shown to the side of corresponding clades.
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Fig. 3. The antibiotic susceptibility profile of bacterial isolates against sixteen antibiotics.

were isolated and identified include Acinetobacter spp., Enterobacter spp., Klebsiella aerogenes and Citrobacter
werkmanii. Given the importance of the A. testudineus in aquaculture especially in Tripura, we reported varied
level of mortality associated with pathogenic bacteria among different commercial biofloc farms in this species
only. During the present study first author observed severe ulcers, skin lesions, tail-rot, and hemorrhages at the
base of the fins and scale pocket, which had not been previously described by other authors in this system.

Several studies in recent times have revealed that the new pathogens are also being isolated from the infected
fishes in addition to the conventional or previously known fish pathogens. More precisely, Gram-negative
bacteria that are usually recognized to be detrimental to fish, such as Aeromonas spp., Flavobacterium spp., and
Pseudomonas spp., are substituted by other species (Acinetobacter spp. and Enterobacter spp.) that were previously
unknown to be virulent or even mildly pathogenic to fish*® and similar result are obtained in this study. Under
suboptimal water conditions, the presence of harmful bacterial communities can escalate into pathogenic forms
that proliferate in the nutrient-rich environment of BFT systems'®. Several researchers found that flocculating
bacteria of biofloc system act as an immunostimulant thereby preventing the cultured fish species from disease.
The fish and shrimp cultured under this system shows resistant potential towards the pathogens when challenged
with bacterial and viral agents*®*!. Few reports available in literature that describe the presence of pathogenic
bacteria such as Vibrio fluvialis, V.alginolyticus, A. hydrophila, A. salmonicida, and P. aeruginosa etc. in the
biofloc making the bioremediation process successfully happen with dominating amount of heterotrophic and
nitrifying bacteria?? but in this study we report association of pathogenic bacteria as probable cause of disease.
In the present study, we have identified E. ludwigii (OP218088.1 and OP218095.1), E. cloacae (OP218096.1),
E. asburiae (OP218098.1) and K. aerogenes (OP218099.1) under Enterobacteriaceae family. E. cloacae and E.
ludwigii of this group have been identified as pathogenic and causes mortality of mullet, Mugil cephalus®, as
well as fairy shrimp, Branchinella thailandensis** in normal rearing condition not in biofloc. Researcher reported
that E. cloacae is associated with mortality in Pangasianodon hypophthalmus which was raised in freshwater!!.
Results of VP, glucose, sucrose, ornithine decarboxylase, catalase, nitrate reduction, citrate utilization, lactose
fermentation and catalase tests for this group are in accordance with work done by researchers*>* for similar
bacteria with little variation, this may be due to differences in environmental conditions or inherent molecular
variations among isolates, which should be clarified using isolates from other hosts, including climbing perch
from across the world.

The genus Acinetobacter has a heterogeneous group of microbes and is considered “the most problematic”
by physicians and scientists?’. Recently, Acinetobacter spp. was isolated as an emerging fish pathogen from
fresh and marine water®->. In the present study A. seifertii COF_AHE30 (OP218090.1) and A. nosocomialis
COF_AHE33 (OP218093.1) were obtained. A. seifertii is a new species that is mainly associated with human
disorders®!, and it is a member of the Acinetobacter calcoaceticus-Acinetobacter baumannii complex that has
been acquired from human clinical samples. This was recently recognized as an emerging pathogen related to
human diseases, including bacteremia® . The probable presence of Acinetobacter spp. based on our research in
the biofloc system may enter with flowing water which was the source of water for the culture unit, because this
bacterium is generally considered as hospital associated and entered the flowing water with hospital discharge®.

B. cereus COF_AHE37 (OP218097.1) isolated in the present study from A. testudineus is generally considered
as a foodborne disease in humans and it displays symptoms including abdominal cramps, pain, and watery
diarrhoea associated with the consumption of contaminated food*>*-*. It may also induce local and systemic
infections in humans®* and more recently, it has been classified as a fish-threatening disease, resulting in massive
financial losses in the aquaculture industry®’. Apart from fishes, in shrimp aquaculture there is an earlier report
of B. cereus known to cause bacterial white patch disease®”. B. cereus has a high pathogenicity potential due to
their lipase activity, haemolytic activity as reported by Vidal®® for which similar reports was found in the present
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Fig. 4. Antibiotic susceptibility profile of (a) Enterobacteriaceae, (b) Paenibacillaceae and Bacillaceae, (c)
Moraxellaceae.

E. ludwigii COF_AHE28 + + + - + +
B. borstelensis COF_AHE29 | + - - _

A. seifertii COF_AHE30 + + + +

P. azoreducens COF_AHE31 | + - + - + _
A. migulanus COF_AHE32 + + - + + _
A. nosocomialis COF_AHE33 | + + + — - +
C. werkmanii COF_AHE34 - + + - + +
E. ludwigii COF_AHE35 + - + - + +
E. cloacae COF_AHE36 + - - - + +
B. cereus COF_AHE37 - + + + - +
E. asburiae COF_AHE38 - + + - + +
K. aerogenes COF_AHE39 - + + - + +

Table 4. Phenotypic virulence characteristics of the identified bacteria.
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study. Moreover, B. cereus has been used as a probiotic in fish and shrimp aquaculture® raising more concerns
regarding their usage as probiotics. Therefore, before using it as probiotic candidate species, their pathogenicity
potential should be determined.

Paenibacillus was reported from several environmental and dietary sources and responsible for milk and
other dairy product deterioration®, as well as it causes chronic kidney disease in humans. In the present study
we have identified P. azoreducens COF_AHE31 (OP218091.1) under this group for the first time in diseased
fishes under biofloc system. P. azoreducens obtained from industrial wastewater with ability to decolorize the
azo dye Remazol Black B%. Brevibacillus species. is a former Bacillus species that is usually associated with soil,
isolates of which have been identified in the dairy environment®!. Researchers from Bangladesh (international
boundary with Tripura) isolated and identified Brevibacillus spp. for the first time from diseased rohu with
scale erosion, reddish skin, and pale gill®? thus similar results with biofloc system of Tripura posing threat in
future aqua based practices of the region. B. borstelensis COF_AHE29 (OP218089.1) was isolated in the present
study under this group shows consistent result with work done by Almeida in biochemical assessment (MR, VP,
catalase, oxidase and Arabinose)®.

In the present study A. migulanus COF_AHE32 (OP218092.1) and Citrobacter werkmanii (OP218094.1) was
isolated from anabas having exophthalmia, and hemorrhagic fin base. Citrobacter spp. was pathogenic to various
fish species and showing mortality in Oncorhynchus mykiss, Garra rufa obtusa, Rhamdia quelen, Carassius
auratus and many more other species®%”.

In the commercial biofloc units, where the pathogenic bacterial incidents have been observed, there exists
the potential for the intrusion of these microorganisms into the culture system of fish, possibly via soil and
water source. To mitigate the exposure to these pathogens, it is prudent to undertake the disinfection of intake
water, for most of the bacteria found belong to the Enterobacteriaceae family, widely dispersed in nature and
known to inhabit the faeces of both humans and animals, as well as water, soil, plants, plant materials, insects,
and dairy products®®®. Hence, it is conceivable that these bacteria may be transmitted to the culture units
through water intake. Acinetobacter, a significant nosocomial pathogen causing severe infections in humans,
has been sporadically reported as a fish pathogen®. Furthermore, fish may serve as a notable reservoir of
these zoonotic pathogens, enabling the transmission of pathogen to humans®' if the fishes were consumed
without cooking properly. A substantial portion of the bacteria isolated in this study is of heterotrophic origin,
emphasizing the need of maintaining optimal conditions within the system to ensure the high health status of
the cultured organisms. Among the other bacterial species identified in this research belongs to Paenibacillaceae
and Bacillaceae families. The pathogens discussed in this paper represent the occurrence of Enterobacteriaceae
(50%), Paenibacillaceae (25%), Moraxellaceae (16.6%), and Bacillaceae (8.3%), in a biofloc-based A. testudineus
fish farming system. Moreover, this study identified P. azoreducens, C. werkmanii, A. seifertii, and A. nosocomialis
as fish pathogens, which are generally not known to cause diseases in fishes. However, they are pathogenic
to humans and may be associated with an increasing array of human afflictions. Clinical isolates from these
taxonomic groups were characterized, and phenotypic investigations were conducted to shed light on their
distinct enzymatic virulence features.

The relentless transmission of antimicrobial resistant (AMR) bacteria to individuals via the Enterobacteriaceae
group has persistently captivated attention’®”!. This phenomenon has also been recognized as a foremost
concern regarding public health and disease, particularly in relation to intestinal pathogens'”. The isolates in this
study exhibited a remarkable resilience against clindamycin and bacitracin (91.6%), cefoxitin (83.3%), cefalexin
(50%), and lesser but still notable resistance to trimethoprim, chloramphenicol, neomycin, oxytetracycline, and
nitrofurantoin (33.3%). These distinct resistance patterns observed among various biofloc bacteria suggest the
occurrence of horizontal gene transfer, underscoring the urgency to screen bacteria harboring antimicrobial
resistance genes within biofloc systems. This screening assumes heightened significance since these systems
are typically shielded from usage of antibiotics due to the prevailing dominance of the heterotrophic bacterial
community.

The virulence capacity of a bacterium is intrinsically linked to the diversification of enzymes and toxins
synthesized by the strain!”. Gelatinase causes tissue damage and help in invasiveness and infection establishment
by overcoming host defences’2. DNase may be involved in biofilm development and bacterial proliferation, as
well as assisting microbes in evading the immune system. Amylase is largely responsible for bacterial nutrition
and metabolism. Lipases play an essential role in invasion and establishment of infection”>. Slime production
helps the microorganisms to attach to specific host tissues’?. Most of the isolated bacterial isolates exhibited
conspicuous phenotypic exhibitions of virulence factors and were presented in Table 4. Koch’s postulates of the
isolated pathogenic bacteria will be performed in future studies in the laboratory to determine their pathogenic
potential emphasizing their relevance to fisheries and aquaculture.

Finally, reverse zoonosis where human-associated pathogens infect non-human animals, has been observed
and isolation of the pathogens like Enterobacter spp. and Acinetobacter spp. was done during present investigation.
The notion of reverse zoonosis was assumed based on available literature and the potentiality of these bacteria to
cause disease in human population’+”>. Among these remarkable occurrences, one exemplar of note involves the
illustrious progeny of Enterobacteriaceae lineage and the formidable nosocomial entity Acinetobacter, notorious
for its affliction upon the human populace. Recent scientific endeavours have illuminated a concerning finding:
these microbial agents, hitherto known solely for their pathogenecity in humans, harbor the potential to
inflict substantial harm upon piscine communities*>*¢%, thereby engendering pernicious effects for aqueous
ecosystems. The transmission of these pathogens from human sources to fish signifies a concerning reversal of
the traditional direction of zoonotic infections with urgent need of concern by scientific community. Recent
studies provide growing evidence of the potential for cross-transmission of opportunistic human pathogens
to aquatic animals, particularly in systems with poor biosecurity such as biofloc-based aquaculture. Deki¢ et
al.’® demonstrated that Acinetobacter baumannii, a clinically significant human pathogen, can successfully
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colonize freshwater fish (Poecilia reticulata) following artificial exposure to bacterial concentrations above 3
log CFU mL"". Colonization occurred within 24 h of contact, indicating a substantial public health risk and
supporting the potential for reverse zoonotic events under certain environmental conditions. Furthermore, the
epidemiological link between humans and the environment is reinforced by Houang et al.”” provided strong
evidence of cross-transmission of Acinetobacter strains among hospital patients and between patients and
environmental reservoirs. This highlights the adaptability of A. baumannii and its ability to persist across diverse
ecological niches, including aquaculture environments. Gheorghe-Barbu et al.”® conducted a comprehensive
analysis of A. baumannii in aquatic systems, identifying its presence in both water and fish microbiota. Their
findings underscore the environmental persistence and adaptability of this pathogen in aquatic ecosystems,
thus supporting its potential role as an emerging threat in aquaculture and a convergence point for human
and animal health concerns. These studies support the hypothesis that human-associated multidrug-resistant
bacteria, such as Acinetobacter baumannii, can enter aquaculture systems, establish colonization in fish, and
potentially pose both animal and public health risks. These findings justify further investigation into the reverse
zoonosis pathway, particularly in closed or semi-closed systems like biofloc where human interaction is frequent
and biosecurity may be lacking.

The presence of Enterobacteriaceae in the biofloc aids in the protein-synthesis by breakdown of nitrogenous
waste and organic residue’>®” Numerous studies conducted extensive research on the bacteria in BFT. Inadequate
maintenance of biofloc systems may lead to pathogen proliferation, increasing the susceptibility of fish and
prawns to disease. According to a study conducted by Hostins, the risk of Vibrio parahaemolyticus causing Acute
Hepatopancreatic Necrosis Disease (AHPND) in Litopenaeus vannamei is reduced by managing C/N ratio in
biofloc systems®!. The Oreochromis niloticus (Nile tilapia) were reared under biofloc with different C: N ratios
(C:N12, C: N15, and C: N20) and the inclusion of jaggery-as carbon source offered lower cumulative mortalities
and better production after experimental challenge with A. hydrophila as compared to control®2. Compared to
normal aquaculture, biofloc based systems promote higher shrimp growth rates and better water quality due to
the presence of biofloc, which is essentially a microbial community®’. Biofloc systems may promote efficient and
sustainable aquaculture by sustaining a resilient microbial ecology and superior water quality'®.

Conclusion

This research highlights the critical need to manage the pre-treatment of intake water and good husbandry
practices for biofloc culture to ensure the removal of pathogenic bacterial contaminants, particularly human-
associated bacteria like Acinetobacter spp. and Enterobacter spp., which have now been implicated in disease
transmission within biofloc environments via the intake waters. Signs of stress or sickness in organisms may
indicate the presence of pathogenic bacteria. The study underscores the importance of addressing reverse
zoonosis to protect both human and animal health while maintaining ecological balance. As biofloc technology
gains traction as a sustainable aquaculture solution, the findings of this study hold significant implications for
its safe and widespread adoption with economic benefit. Consistent assessment of the microbial community
in BFT is similarly important, accompanied by a concerted attempt to minimise the populations of Vibrio
and Enterobacter. Consistent introduction of probiotic bacteria from reputable sources into the BFT system
by inoculation may promote the proliferation of beneficial flocculating bacteria that inhibit the growth of
pathogenic microbes. Moving forward, comprehensive efforts to understand the pathogenic potential of the
isolated bacteria, including their extracellular enzymes, virulence genes, and serological properties, are crucial.
This knowledge will be instrumental in developing effective disease management strategies, including targeted
therapies and vaccination protocols. Monitoring water quality closely is a valuable indicator of when the
microbial population ceases to facilitate the efficient functioning of the system. Future research should also
prioritize the enhancement of biosecurity measures, emphasizing the importance of maintaining optimal water
quality through regular monitoring of parameters like dissolved oxygen, ammonia, nitrite, and pH. Proper
aeration, effective biofloc management, and timely water exchange, combined with quarantine practices of
diseased cultured fish, will help minimize the bacterial load and prevent disease outbreaks. Collaboration among
farmers, researchers, and industry stakeholders is essential to safeguard the long-term viability and sustainability
of biofloc-based aquaculture systems.

Data availability
The sequence data generated during the current study have been submitted to GenBank under the accession
number(s) OP218088 to OP218099. These data are publicly available at the NCBI GenBank database.
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