


INCIDENCE OF PHOTOBACTERIUM DAMSELAE AND VIBRIO FLUVIALIS IN THE CICHLID FISH, PSEUDETROPLUS MACULATUS IN KANNUR DISTRICT OF KERALA, INDIA.
 

 Abstract: The study investigates the incidence of two pathogenic bacteria, Photobacterium damselae and Vibrio fluvialis, in Pseudetroplus maculatus, a commonly traded ornamental and edible cichlid fish. A total of 60 specimens of P. maculatus were collected from five different localities in Kannur District of Kerala, India; during January to April, 2024 and bacterial isolates were obtained using standard microbiological and molecular techniques. 16S rRNA gene sequencing confirmed the presence of both pathogens in significant proportion of samples. Phylogenetic tree also confirms the findings. Six out of 10 (60%) specimens collected from Chemballikkundu were positive for P. damselae and 8 out of 15 (53%) specimens collected from Kannapuram were positive for V. fluvialis. The results indicate that this fish, may serve as reservoir for pathogenic bacteria, potentially threatening both aquatic life and public health. Presence of these bacteria in the host fish indicates water pollution and poor water quality. Pathogenic Photobacterium sp. and Vibrio sp. could pose threat to the health of consumers through the ingestion of contaminated improperly cooked seafood or by swimming and other recreational activities in the contaminated water bodies. Photobacterium may gain entry to the human body during handling of contaminated fish through the cuts or abrasions also. The present findings emphasize the importance of microbial monitoring and hygienic handling practices in the fish trade.
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Introduction 
Fish play an important part of diet throughout the world, as it is a rich source of protein, unsaturated fatty acids and many minerals and vitamins. India is the second largest aquaculture producing country in the world, China being the first (Surathkal et al., 2025). India cultures many different species of fish; mainly cyprinids, cichlids and murrels. Kerala, a small state in the southern part of India, is highly dependent on freshwater and marine fishes for food. Many fishes reported from various river systems of Kerala are ornamental species also (Radhakrishnan and Kurup, 2006). 
Fish parasite illnesses occur more frequently in unfavourable environmental circumstances. A low parasite load in fish is generally benign, as it provides some sort of immunity to the fish, but an excessive amount can lead to stress and subsequent infection (Bassey, 2011). Specific stressors like fish overcrowding, poor water quality, or insufficient nutrition might accelerate the disease's advancement. Furthermore, parasites from non-native species can invade new habitats and negatively impact local native species. Additionally, disease and mortality may result from contamination with different internal and external pathogenic parasites. Although some of these factors have been identified as infections, the diseases affecting the fish species remain widely recognized. Water pollution by industrial and domestic wastes forms a major threat to all aquatic systems in Kerala. Pollution increases the prevalence and severity of bacterial diseases in fish by stressing them and compromising their immune systems, making them more susceptible to infection. It increases microbial multiplication rate, causes stress and immune suppression in the host, causes direct damage to the host, which again suppresses its immune system. With more familiarity with their diseases, economic loss to the fishermen and fish farmer can be reduced by timely and principled treatment. 
Orange chromide, Pseudetroplus maculatus is a widely distributed euryhaline edible and ornamental fish inhabiting the mangroves and other water bodies of Kerala. This fish can survive in fluctuating salinity and is endemic to brackish streams, lagoons, estuaries, and the down streams of rivers in peninsular India and Sri Lanka (Raghavan et al., 2008; Bindu and Padmakumar 2012;  Shilta et al., 2016). Some studies (Pampapathi Rao, 1958; Virabhadrachari, 1961) reported the ability of this species to thrive in extreme salinities ranging from freshwater to salinities up to 100 ppt. This fish is mostly kept for recreational purposes, biodiversity conservation, aesthetic appeal and tourism attraction. 
Bacterial fauna of P. maculatus are explored by many authors (Maya et al, 1995; Dhivya and Lipton, 2015; Megha and Harikumar, 2016; Nair et al. 2021). Many groups of bacteria were reported from economically important fishes by conventional methods and the molecular sequencing methods (Austin & Austin, 2016; Urku et al 2024). The present report is an attempt to explore the bacterial fauna of P. maculatus by molecular method. 
Photobacterium Aphial 1965
The genus Photobacterium is gram negative bacteria belonging to the family Vibrionaceae. As a causative organism of photobacteriosis, previously known as pasteurellosis, members of the genus are widely distributed in the marine environment and occur in sea water, surfaces and intestines of marine animals (Romalde, 2002; Liu et al., 2014; Srinivas et al., 2013; Labella et al., 2011, 2017; Eissa et al., 2018). Luminiscence has been reported for many species and strains of Photobacterium (Figge et al., 2014). Several species of the genus have been reported to be pathogenic for poikilothermic animals and, can indirectly affect human health through wound infection or by food poisoning from consumption (Goodell et al., 2004; Kanki et al., 2004;  Yamane et al., 2004; Alvarez et al., 2006; Aigbivhalu & Maraqa, 2009; Chiu et al., 2013; Rivas et al., 2013). Photobacterium damselae subsp. damselae is pathogenic for a broad range of hosts including marine animals and humans (Takahashi et al., 2008; Hundenborn et al., 2013; Osorio et al., 2019; Matanza and Osorio, 2020; Gouife et al., 2022). This species is one of the main zoonotic pathogens acquired topically from fish (Lehane and Rawlin, 2000). Photobacterium species are identified mainly by molecular characterization (Osorio et al., 1999).

Vibrio Pacini 1854
Vibrio spp. are abundant in tropical and temperate marine environments (Ina-Salwany et al., 2019). Vibriosis is a major fish disease among many species of cultured and wild fish, leading to significant economic losses (Abu Nor et al., 2020). Vibrio fluvialis is reported as an emerging pathogen, as its pathogenicity cases are increasing. (Ramamurthy et al., 2014). It is normally found in coastal waters and seafood. This species is reported as a cause of gastroenteritis with diarrhoea and even wound infection with primary septicaemia in immunocompromised individuals (Ramamurthy et al., 2014; Itoh et al., 2024; Muzembo et al., 2024). The gastrointestinal illness caused by this pathogen is usually associated with the consumption of raw or improperly cooked seafood. 
PCR primer sequences
The amplification by PCR of a taxonomically diverse collection of eubacterial 16S rDNA genes is possible with a small number of primers. The fD1 and rP1 primers are designed to detect most prokaryotic sequences; the fD2 primer—different in 1 position—is more specific for enteric bacteria. The products can readily be cloned for sequencing or they can be sequenced directly. The ability to determine rRNA sequences from ATCC lyophilized ampoules, without culture, enables the study of fastidious or pathogenic species without employing tricky or expensive microbiological methods (Weisburg et al., 1991).
Materials and Methods 
1. Study area: 
A total of 60 specimens were collected from fish mongers at five different localities in Kannur district (N 11°52'28.2" and E 75°22'13.4") of Kerala, for this investigation during January to April, 2024. All the localities under present study are wetlands rich in mangroves.
2. Methodology:
Fish were grouped according to locality (Table.1), labelled properly, transferred to the laboratory in sterile ice boxes and processes were done on the same day to avoid contamination and decay. First, they were examined for parasite contamination, both internal and external. (Fig. 1 and 2). A few fish samples were examined to check for parasite infestation. Wet smears were prepared and viewed under a microscope following examination of the skin and gills. The internal organs were subjected to wet smears followed by microscopic examination. Smears were subjected to gram staining also. Proper care was taken to avoid contamination during the procedure. All equipments were sterilized before use. All procedures were conducted aseptically.
	Table.1: Locality of collection of Pseudetroplus maculatus
	

	Sl. No
	Locality 
	No. Of specimens collected 
	Period of collection

	1
	Chemballikkundu, Kannur, Kerala
	10
	January, 2024

	2
	Kannapuram, Kannur, Kerala
	15
	March, 2024

	3
	Talap, Kannur, Kerala
	15
	January, 2024

	4
	Edat, Kannur, Kerala
	13
	February, 2024

	5
	Andaloor
	7
	April, 2024
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Fig .1. P. Maculatus collected from Kannapuram
	 (
Fig. 2 . Infected 
P. maculatus
)[image: ]



PCR amplification of partial sequence of the mitochondrial cytochrome oxidase subunit I (CO I) gene
The mitochondrial COI gene of each specimen was amplified separately with a distinct set of forward and reverse primers. 
PCR amplification of partial sequence of the 16S ribosomal RNA gene: The Genomic DNA of bacteria was extracted using HiPurA bacterial DNA isolation kit from HIMEDIA as per manufactures suggested protocol. Cells were lysed using lysis buffer along with lysozyme and proteinase k. DNA was purified using silicate columns and eluted from the column using TE buffer with PH 8 (Sambrook et al., 1989) and used as template for PCR amplification of 16SrRNA. 16 S rRNA gene amplification was done with fD1 and rP2 primers (Weisburg et al., 1991) in an automated Thermal cycler (Sure Cycler 8800, Agilent technologies USA). The PCR reaction mixture consisted of 2x premix of Emarald AMP GT PCR master mix - 25 µl, Forward Primer (5 µM) - 2 µl, Reverse Primer (5 µM) - 2 µl, Template DNA - 1µl; made up to 50µl by adding 20 µl of sterile dH2O. The PCR temperature profile was 950 C for 5 minutes for initial denaturation followed by 30 cycles of denaturation at 950 C for 1 minute, annealing at 590 C for 1 minute and elongation at 720 C for 2 minutes followed by a final extension at 720 C for 5 minutes. The reaction mixture was stored at 40 C. The amplification was checked by loading 5 µl from the 50 µl of PCR product in to the wells of 1% ethidium bromide- stained agarose gel and the remaining (45 µl) PCR product was retained for sequencing. After electrophoresis the gel was visualized in gel document system (Bio-Rad EZ geldocumentation system). The amplified PCR product was purified by using StrataPrep PCR purification kit (Agilent technologies, USA) as per the manufacturer’s instruction. 
DNA Sequencing: The purified PCR product was sequenced at Mediomix, Bangalore using Sanger’s sequencing technique (Sanger et al., 1977) and the sequencing was done from both ends. The forward and reverse sequences were assembled and the consensus sequence was generated using Sequencher 5.3 (Gene codes corporation, Ann Arbor, Michigan, USA). The consensus sequence obtained was searched for its sequence similarities using BLASTn programme of NCBI. The similar sequences were selected from 16srRNA gene database of GenBank and the bacterium was identified from the most similar sequences. The homologous sequences retrieved from GenBank were used for the construction of phylogenetic tree using neighbour joining method. 
Results: 
1. Photobacterium damselae (Love et al., 1981)
Site of infection: General
Gram staining- negative
Locality: Chemballikkundu, Kannur, Kerala, India.
Prevalence of Infection: 6 out of 10 (60%) fishes collected from the locality.
Period of collection: January 2024
Six fishes belonging to P. maculatus collected from Chemballikkundu were found having skin ulceration. Detailed survey of the area showed that many other fishes also had ulceration. These include Mugil cephalus and Channa orientalis. Detailed study showed no parasites in the infected area. Therefore, molecular characterization of the ulcerated tissue was done. The results are given in Fig. 3 and Table 1. The  sequence  was  deposited  in  NCBI GenBank database with accession number PQ851522.  Phylogenentic tree is also constructed (Fig. 4).


Fig. 3. The nucleotide consensus sequence obtained from isolate gbc6_p2
>gbc6_p2_18783-12_P2632(285 bp), GenBank Accession number PQ851522
TGGGTGGAGCCATGGCGATGGTTATTCGAGCCGAATTATTTCAGCCTGGTTTGCAACTGGTCGAGCCCAACTTCTTTAATCAGATGACCACAGTTCATGGCTTAATTATGGTGTTTGGTGCGGTAATGCCAGCTTTTACTGGGCTAGCAAATTGGATGGTGCCTTTTGATGATAGGGGCACCAGATATGGCTCTACCACGGATGAATAACTGGAGCTTTTGGATCTTACCGTATGCCTTTTCGTTACTGTTATTTTCGCTTTTTATGGAGGGCGGCGGGCCAAAA

Table. 2.  BLAST similarity of gbc6_p2 with Nucleotide database accessions
	S.I. No.
	Subjects
	Identity %

	1
	Photobacterium damselae subsp. damselae  CP070624
	98.22

	2
	Photobacterium damselae subsp. damselaeCP090487
	97.89

	3
	Photobacterium damselae subsp. piscicida CP061861
	97.89

	4
	Photobacterium damselae subsp. piscicida AP018468
	97.89

	5
	Photobacterium damselae subsp. piscicida AP018045
	97.89

	6
	Photobacterium damselae strain CP073684
	97.89


	
	Blast results (Table. 2) showed that the ulcerated area showed bacterium belonging to the highly pathogenic species of bacterium, Photobacterium damselae (Love et al., 1981). 
[image: ]
Figure. 4: Phylogenetic tree constructed for Photobacterium damselae Accession Number- PQ851522 collected from Pseudetroplus maculatus
2. Vibrio fluvialis
Site of infection : General
Gram staining- negative
Locality: Kannapuram, Kannur, Kerala, India.
Prevalence of Infection: 8 out of 15 (53%) of fish collected from the locality.
Period of collection: March, 2024
Some of the fishes caught from the area showed loss of vitality, and were less active. Molecular characterization of their muscle tissues given in Fig. 4 showed the presence of Vibrio fluvialis. The sequence was deposited in NCBI GenBank database with accession number PQ835497.

Fig. 5: The nucleotide consensus sequence obtained from rRNA
>0424_904___AN2_16SF_D03.ab1, GenBank Accession number PQ835497.

GGCCTTAACGATGTCTACTTGGAGGTTGTGGCCTTGAGACGTTGGCTTCCGGAGCTAACGCGTTAAGTAGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGCTCTTGACATCCATAGAACTTTGCAGAGATGCTTTGGTGCCTTCGGGAACTCTGACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTGTTTGCCAGCGAGTAATGTCGGGAACTCCAGGGAGACTGCCGGTGATAAACCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGGCCCTTACGACCAGGGCTACACACGTGCTACAATGGCGCGTACAGAGGGCTGCCAACTTGCGATAGTGAGCGAATCCCAAAAAGCGCGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGCGAATCAGAATGTCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGCTGCACCAGAAGTAGGTAGCTTAACCTTCGGGAGGACGCTTACCACTTTGTGGTTCATGACTGGGGTGAAGTCGTACAAGGGTAACCGGA
Table. 3.  BLAST similarity of gbc6_p2 with Nucleotide database accessions

	S.I. No.
	Subjects
	Identity %

	1
	Vibrio fluvialis MK958565
	97.08

	2
	Vibrio fluvialis CP046789 
	96.97

	3
	Vibrio fluvialis CP014033
	96.97

	4
	Vibrio fluvialis CP053664
	96.97

	5
	Vibrio fluvialis AP028128
	96.97



Blast results (Table. 3) showed that the muscle tissue had the presence of pathogenic bacterium belonging to Vibrio Fluvialis Lee et al., 1981. Phylogenetic tree is also constructed and presented (Fig.5).
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Figure. 6: Phylogenetic tree constructed for Vibrio fluvialis Accession Number- PQ835497 collected from Pseudetroplus maculatus

DISCUSSION 
[bookmark: bookmark=id.2awwbxg08sak][bookmark: bookmark=id.vhdgbvv2jjxa][bookmark: bookmark=id.ffa08o82my0n][bookmark: bookmark=id.y6x23jwbefni][bookmark: bookmark=id.j4u9buq2qg6p]Photobacterium spp. and Vibrio spp. are some of the pathogenic bacteria species that occur in fishes and also cause human infections. Photobacterium of the family Vibrionaceae occurs as free-living organisms in marine habitats (Urbanczyk et al., 2011). It also colonises the skin, intestine, gut, gills and light organs of many marine fish species (Ast and Dunlap, 2005; Ghotbi et al., 2022; Tsoukalas et al., 2023). It establishes different relationships from symbiotic to pathogenic interactions (Labella et al., 2017). Photobacterium damselae is a marine bacterium, has an extensive host range, high mortality rates, and widespread distribution. It causes high economic losses in marine aquaculture worldwide (Barnes et al., 2005). Also, it is the major causative agent of pasteurellosis, in fishes (Zhou et al., 2024). Phylogenetic tree also indicates that the present bacterial sample is closely related to highly pathogenic strains. Many cases of fatalities are reported in humans by P. damselae (Morris et al., 1982; Yuen et al., 1993; Fraser et al., 1997; Asato and Kanaya, 2004; Yamane et al. 2004; Alvarez et al., 2006; Hundenborn et al., 2013; Schröttner et al., 2020). Vibrio species of the family Vibrionaceae are Gram-negative bacteria that occur worldwide in all types of aquatic habitats (Huehn et al., 2014) and have been described in connection with fish and human diseases (Pastuszka et al, 2024). Therefore the high prevalence of vibrios in aquatic environments and aquatic organisms is of concern and demands continued control of food and surveillance for clinical infections with pathogenic vibrios. In developing countries, Vibrio fluvialis infection poses a potentially serious threat to public health. It is isolated from water, animal and human feces, sewage, seafood etc. (Igbinosa et al., 2010).  It is an important cause of cholera and septicemia in immunocompromised individuals. From the phylogenetic tree, it is very clear that the present sample is closely related to highly pathogenic strains of the species. There are many reports of fatality caused by V. fluvialis (Lockwood et al., 1982; Klontz et al., 1994; Igbinosa et al., 2010; Ramamurthy et al., 2014).
The host fish, Pseudetroplus maculatus is a favouraite food item in the locality. Prevalence of diarrhoea cases remains very high in the state recently. Also, there are many reorts of septicaemia through wounds in people connected with fish handling. Hence, the recovery of both the bacterial species during the present investigation is of serious health concern. Care should be taken while handling the fish and proper cooking has to be ensured. Moreover, proper care has to be taken during fishing and other aquatic activities in the locality.

CONCLUSION
Pseudetroplus maculatus is not only an ornamental fish, but edible also. Therefore, the present report on incidence of the bacterial species, Photobacterium damselae and Vibrio fluvialis in this fish provides critical insights into emerging health threats in the aquaculture and ornamental fish trade. Understanding their incidence helps in the early detection and management of potential outbreaks, thereby reducing economic losses and improving fish welfare. This study contributes to our knowledge on bacterial pathogens of P. maculatus and widen the knowledge of bacterial diversity in edible fishes in the area. It highlights the importance of PCR and molecular sequencing in the identification of pathogens and construction of phylogenetic tree helps in analysing the relationship of the present bacteria with closely related strains.
Almost all water bodies in Kerala are polluted by sewage and other effluents. This makes raw water highly unsafe for drinking purposes. Also care should be taken while handling fishes caught from these habitats, since these microbes can enter through wounds and cause clinical effects in immuno-compromised individuals. 
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