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Fish is a common, widely distributed and cheapest source of protein in the world and has 

been consumed by human since the dawn of civilization. More than twenty thousand 

species of fish are found in this planet and among them, nearly ten to fifteen thousand live 

in fresh water habitat. 

High demand of fish as food and their easy maintenance paved the way for artificial 

production of fish species since the early civilization. With the advancement of science and 

technology and the expansion of global fish market, fish production has increased several 

times with integration of knowledge from a wide range of discipline including nutrition, 

endocrinology, genetics and immunology. The intense rearing of fish through high 

stocking densities, use of artificial feed and fertilizer, application of chemotherapeutic 

agents have not only led to increase the large scale fish production throughout the world 

but also created conditions leading to the physiological stress and an increasing risk of 

disease outbreak (Pillay, 1996; McLean, 1996). 

Over the last few decades, fish industries of mainland of South Asia have been suffering 

from tremendous loss due to a dermal ulcerative condition of fresh and brackish water fish 

characterized by heavy infection and large scale mortalities. This infectious disease has 

spread across the entire South Asia extending from Papua New Guinea in the south east to 

Pakistan in the west and has been named as Epizootic Ulcerative syndrome (EUS) at the 

experts consultation of F AO in Bangkok in 1986 (F AO, 1986). In a regional seminar 

conducted by DFID in Bangkok in the year 1994, the Epizootic Ulcerative Syndrome has 

been redefined as "a seasonal epizootic condition of fresh water and estuarine warm water 

fish of complex infectious etiology characterized by the presence of invasive Aphanomyces 

infection and necrotizing ulcerative lesions typically leading to a granulomatous response." 

(DFID, 1994). EUS is basically a disease of complex nature involving certainly fungal and 

bacterial elements in its later stages, and probably one or more viruses (Chinabut, 1995). 

The affected fish often die due to bacterial septicemia caused by pathogenic aeromonads 

and pseudomonads entering the circulation through haemorrhagic dermal lesions (Qureshi 

eta/., 1995; Saha and Pal, 2000; Mastan et aL 2001 ). EUS was first reported in India in 

the year 1988 in some north-eastern states like Tripura, Meghalaya and Assam and 

gradually spread to other parts of the country resulting in an insurmountable misery to the 

fishing community (Jhingran, 1990; Pradhan, 1992). Since then, it recurs every year in 



winter, mostly during November to February, affecting the fish production of fresh and 

estuarine water system in this region (Routh, 2006). Representatives of Aeromonas sp. 

have been recovered most frequently from the ulcers and various internal organs of EUS 

affected fish in different geographical areas related to EUS outbreaks and their 

reinnoculation studies in healthy fish substantiate the crucial role of Aeromonas bacteria in 

the fish mortalities caused by EUS (Pal and Pradhan, 1990; Chattopadhyay et a/., 1990; 

Karunsagar et al., 1995; Yambot, 1998; Chandrakanthi et al., 2000; Rabaman et al., 2002). 

Aeromonas are ubiquitous, oxidase-positive, facultatively anaerobic, glucose-fermenting, 

Gram negative bacilli that are considered to be a primary and secondary pathogen of 

aquatic and terrestrial animals, including humans (Pin et al., 1996). Aeromonas hydrophila 

has been associated with several disease conditions in fish like dropsy, tail rot, fin rot and 

haemorrabagic septicemia. Aeromonas salmonicida has been reported to cause 

furanculosis, the disease in cultivated fish, particularly salmonids (Austin and Adams, 

1996). 

The use of antimicrobial agents to control fish diseases has a long history. It has been 

widely accepted by aquaculturists for its high success rate, rapid action and easy mode of 

application. Use of antibiotics for the treatment of EUS affected fish is an effective and 

easy means to control the spread of the disease. Several workers have reported and 

recommended the use of antibiotics erythromycin, nalidixic acid, oxytetracycline, 

sulphamethoxazole and sterptomycin for the treatment of EUS. (Jhingran, 1990; Pradhan 

and Pal, 1993; Das 1997; Saba and Pal, 2002). Pradhan and Pal (1993) studied the 

antibiotic susceptibility test and suggested that bactrim and streptomycin could be effective 

in controlling the disease. Saba and Pal (2002) recommended the use of oxytetracycline to 

treat EUS. The emergence of antimicrobial resistance among fish pathogenic bacteria has 

become a serious concern in many fish producing countries. Indiscriminate use of 

antibiotics and other chemotherapeutics in fish farms to prevent fish diseases or as dietary 

supplements has resulted in an increased number of drug resistant bacteria as well as 

resistant plasmids (Huys et al., 2000; Miranda et al., 2003; Nawaz et al., 2006). 

Antibiotics used in the aquaculture remain in the bottom soil or sometimes wash away to 

distant places by water current and may exert selective pressure on microorganisms leading 

them to become resistant to antibiotics. These resistant microorganisms harbour new and 
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previously uncharacterized plasmids containing antibiotic resistant determinants. The 

spread ofR-plasmids harbouring antibiotic resistance determinants appears to contribute to 

the extensive occurrence of antibiotic resistance within the unrelated species. (Krush and 

S0rum, 1994; S0rum, 2006) 

Aeromonas bacteria may carry R plasmids of varied length encoded with genes for 

multiple drug resistance (Roy et al., 2003; S0rum et a/., 2003) and genes for virulence 

factors (Stuber et a/., 2003). R plasmids from fish pathogenic Aeromonas strains can be 

transferred to susceptible species with the transfer of antibiotic resistance determinants 

(Adams eta/., 1998; Casas eta/., 2005) and the factors for pathogenicity (Majumdar eta/., 

2006). Indiscrimate use of antibiotics in the aquaculture to prevent EUS or other 

Aeromonas infections may enhance spreading of antibiotic resistance genes as well as 

virulence factors responsible for pathogenicity. Detection of antibiotic resistance 

determinants in the R plasmids of pathogenic Aeromonas strains isolated from the EUS 

affected fish and their horizontal transfer may give an understanding of the use of 

antibiotics in aquaculture to prevent EUS or other Aeromonas related infections. In 

addition, the presence of virulence factors in the R plasmids may also play a crucial role in 

EUS outbreak. Therefore, the main objectives of the present study are: 

1. Isolation of Aeromonas bacteria from ulcers of EUS affected fish. 

2. Biochemical characterization and identification of isolated bacteria. 

3. Pathogenicity testing of the isolated bacteria on healthy fish. 

4. Detection of extracellular virulence factors in the isolated bacteria. 

5. Cytotoxic effect of bacterial isolates on head kidney cells of healthy fish. 

6. Antibiotic sensitivity assay ofthe isolated bacteria. 

7. Isolation of bacterial genomic DNA and plasmids from bacteria. 

8. Horizontal transfer ofR-plasmids from bacteria to susceptible species. 

9. Detection of toxin genes responsible for pathogenicity in the bacterial genomic DNA 

and R-plasmids of the bacterial isolates from affected fish. 
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Epizootic ulcerative syndrome (EUS) is known to be one of the most common but 

destructive diseases of fresh and brackish water fish in the Asia pacific region, causing 

tremendous loss to fish industries for last few decades. The disease is initially 

characterized by little red spots over the skins, which enlarge in size and eventually lead to 

a circular to oval deep haemorrhagic ulcer with the necrosis of muscle tissue. The disease 

generally spreads in an epizootic fashion progressing from an infected area to an adjacent 

one, affecting a wide range of fish species irrespective of their sizes and ultimately causes 

large scale mortality. The outbreaks usually occur in winter months between November 

and February and the incidence is more in confined waters (10-55%) than in rivers (4-15%) 

(Das and Das, 1993). 

BACKGROUND OF EUS 

EUS like condition was first reported in 1971 during summer months in farmed ayu 

(Plecoglossus altivelis) in Japan. Such dermal lesion of fish was characterized by a 

granulomatous response to invasive fungal hyphae and termed as "Mycotic 

granulomatosis" (Egusa and Masuda, 1971 ). In the next year, several species of estuarine 

fish in central Queensland, Australia had developed large shallow circular or irregular 

Fig. I. Naturally EUS infected fish 

skin lesions, which later progressed to affect the fresh water fish of other parts of the 

country with the recurrence of subsequent years and was named as "red spot disease" 
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(Rodgers and Bruke, 1981). Papua New Guinea witnessed a similar type of uncreative 

condition in fish during 1975-76 (Haines. 1983) and Indonesia also suffered from the same 

fish disease in 1980 in the name of "haemorrhagic septicemia'' (Roberts et a!.. 1996 ). 

Malaysia reported the ulcerative disease in the year 1981-82 and by 1985, it spread to 

many countries like Thailand, Lao PDR and Myanmar (Tonguthai, 1985). In view of the 

circumstances, F AO consultation of experts meeting was held in Bangkok and the name 

Epizootic Ulcerative Syndrome for the particular disease was adopted. It was accepted that 

EUS was primarily an infectious disease with mixed etiology and further studies should be 

carried out in the field of virology, bacteriology and mycology associated with the different 

outbreaks (F AO, 1986 ). Philippines witnessed the outbreaks of EUS by the time of F AO 

meeting in 1986 and by the year 1988, the disease spread to south east Asian countries like 

Bangladesh. Srilanka and India. Until now. the infectious disease has been reported in 

nineteen countries: Japan, Australia, Vietnam, Papua New Guinea, Indonesia, Malaysia, 

Thailand, Cambodia, Myanmar, Lao PDR. Philippines, Srilanka. Bangladesh, India, Nepal, 

Bhutan. South-east China, Singapore and Pakistan and still recurs annually or every few 

years (Lilley et al., 1998). 

EUSININDIA 

The first report of EUS in India came from the North-Eastern state Tripura during the 

month of May in 1988,, followed by Assam and Meghalaya (Das, 1988 ). Same year, in the 

month of October, outbreaks were reported in the northern districts of West Bengal (Pal 

and Pradhan. 1990) and gradually it spread to all other districts except Purulia (Jain, 1990). 

From west Bengal, the disease entered Bihar and gradually spread to other states like Uttar 

Pradesh. Madhya Pradesh, Maharashtra, Andhra Pradesh, Tamil Nadu, Kerala, Haryana, 

Rajasthan and Kamataka. By the year 1993, the disease spread all over the country with 

the exception of Gujarat, Punjab and Jammu and Kashmir affecting different water bodies 

like rivers, lakes, canals and culture ponds ( Das and Das. 1993 ). 
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At present, EUS recurs every year in the winter seasons, but at a declining trend probabl) 

due to excessive use of various chemotherapeutic agents in different water bodies. It recurs 

every year during November to February in some northern districts of West Bengal and 

disappears in subsequent months (Routh, 2006). 

MAJOR SPECIES AFFECTED 

Studies conducted by different workers in India and abroad, revealed wide scale attack of 

EUS on fresh water and brackish water fish species of both wild and cultured water 

system. More than htmdred species of fish have been affected by EUS in the Asia pacific 

region. (Lilley et a/., 1992). The range of incidence of the disease recorded from different 

fish species and from different types of water bodies shows that certain genera of fish such 

as Channa, Puntius, Mastocembelus, Mystus, Glossogobius, Anabas, Clarias and 

Heteropneustes are highly susceptible to EUS. (Das, 1997). Some cultured fish like 

Tilapia, Milkfish and Chinese carp have been proved to be resistant from EUS (Lilley et 

a/., 1998). 

ETIOLOGY OF EUS 

Etiological investigations suggest that EUS is primarily an infectious disease caused by 

mixed infection. The disease was defined at DFID Regional seminar in Bangkok in 1994 

as "a seasonal epizootic condition of fresh water and estuarine warm water fish of complex 

infectious etiology characterized by the presence of invasive Aphanomyces infection and 

necrotizing ulcerative lesions typically leading to a granulomatous response." (DFID, 

1994). A diverse group of microbiological agents has so far been recovered from different 

geographical areas related to EUS outbreaks and it is also suspected that certain physico

chemical parameters of water such as lowering of pH and temperature (Callinan el al .. 

I 995a), decrease in calcium and magnesium hardness (Lumanlan-Mayo et al., 1996), 
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increase in biochemical oxygen demand (Pathiratne, 200 I ), prevalence of pesticides and 

other agro chemicals (Kurup, 1992) can predispose the fish to infection. The pathogenic 

organisms detected in the ulcers and various internal organs of EUS affected fish in 

different regions are discussed below: 

ANIMAL PARASITES 

Reungprach eta/. (1983) isolated several metazoan (Dactylogyrus sp., Gyrodactylus sp.) 

and protozoan ( Chilodonella sp., Tricodina sp., ('ostia sp., Henneguya sp.) parasites from 

the EUS affected fish in Thailand. Jhingran ( 1990) reported the presence of some 

commonly found animal parasites. such as Palesintis sp., Trianchoralus sp., Dactylof!J!rus 

sp. Trichodina sp., Epistylis sp. in the ulcers of EUS affected fish in India. Myxozoan 

parasites were detected by Kumar et a!. ( 1991) in the kidney and skin of Cat/a cat/a and 

the kidney and liver of Clarias sp. Ram ( 1992) reported the association of Myxozoan 

parasites like Myxoholus sp. and Thelohanellus sp. with EUS outbreak in Haryana, India. 

VIRUS 

Freirichs et a/. (1986) first isolated a rhabdovirus from EUS infected snakeheads (Channa 

striata) and suggested that it could be the causative agent of EUS. Saitanu et a!. (1986) 

reported the presence of snakehead fish virus (SHY) from EUS infected snakehead fish 

( Ophiocephalus striatus), serpent fish (Channa micropeltes), sand goby ( Oxyeleotris 

marmoratus) and wrestling half beak (Dermogenus pustillus) and experimental infectivity 

studies showed that SHY manifested lesions similar to those seen in naturally infected fish. 

Hedrick et al. ( 1986) detected bima virus from the ulcers of cultured sand go by 

( Oxyeleotris marmora/us). 

Siddhi ( 1989) could not find any cytopathic effect on snakehead cell line on exposure to 

tissue extracts of EUS affected fish collected from the states of Assam, Tripura and West 

Bengal in India. Kar et a/. ( 1 990) reported the presence of viruses in muscles and gills of 

affected fish in Assam. Isolation of retro virus was reported by Freirichs eta/. (1991) from 

infected fish and the virus induced cytopathological effect (CPE) on different tissue culture 
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systems. Kanchanakhan et al. ( 1999) isolated rhabdovirus from diseased fish during the 

early outbreaks of EUS and suggested that this virus played a major role in the etiology of 

EUS. Lio Po et a!. (2003) reported the horizontal transmission of EUS associated virus 

from apparently healthy snakeheads to naive fish under natural conditions. 

FUNGI 

Isolation of fungal species from the lesions of EUS affected fish was constantly being 

reported by various workers since its initial outbreaks. Callinan et a/. ( 1993) observed the 

presence of Aphanomyces sp. from the ulcers of EUS affected fresh water and estuarine 

fish in Philippines. Robert el a!. ( 1993) reported the presence of very delicate and 

culturally demanding Aphanomyces sp. with typical morphology in the lesions of fish 

affected with EUS in countries throughout the Asia pacific region. 

The investigation carried out by Wiloughby et al. (1995) revealed that Aphanomyces 

invaderis sp. nov was the causative agent of fresh water tropical fish affected by EUS. 

Callinan et al. (1995b) opined that the red spot disease (RSD) of Australia and the massive 

outbreaks of EUS in some Asian countries was initially caused by the same strain of 

Aphanomyces sp. Chinabut et a/. ( 1995) isolated pathogenic Aphanomyces sp from lesions 

of the fish infected with EUS and induced ulcer in healthy fish at winter and summer 

temperature. The experiments showed that once the water temperature was above at 25°C. 

the fungus was quickly eliminated by the hosfs inflammatory response. 

Mohanta and Patra (1992) isolated the fungus SaproleRina parasitica from the affected 

fish, Anahas testudineus in India. Karunsagar et a!. ( 1994) studied the mycological aspects 

of EUS in India and according to them. Aphanomyces sp. and S'aprolegnia sp. were the 

most common fungi responsible for EUS in fish. They suggested that EUS has complex 

etiology involving more than one pathogen. Mohan and Shankar ( 1995) reported that a 

non-septate, highly invasive fungus was associated with the EUS outbreaks. Pal (1996, 97) 

observed the presence of different types of fungi. eg, S'aproleRnia sp .. Dictyuchus sp. and 

Aspergillus sp. in the lesions of EUS affected Channa punctatus. Anahas testudineus and 

Cat/a cat/a .. Routh (2006) isolated aseptate Aphanomyces sp. from the ulcers of EUS 
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infected fish and found that the zoospores of isolated fungus induced ulcers and caused 

44% mortality in healthy Channa punctatus fish. 

BACTERIA 

Available evidence suggests that bacteria have a major role in the disease outbreak in India 

and abroad since its initial inception. A wide range of pathogenic bacteria have so far been 

detected from the ulcerated part and internal organs such as kidney, liver, intestine and 

gills of affected fish. Boonyaratpalin (1989) reported the presence of A. hydrophila and 

occasionally Pseudomonas sp. in EUS affected wild and cultured fish in Burma, Indonesia, 

Lao PDR, Malaysia, Singapore and Thailand. Costa and Wijayratne (1989) isolated A. 

hydrophila from EUS affected fish in Srilanka. McGarey et al. (1991) recovered A. 

hydrophila and A. sobria from the diseased fish and opined that aeromonads were playing 

a major role in the disease outbreak. Lio-Po et al. (1992) reported the presence of several 

strains of A. hydro phi/a in infected fish. They tested the transmission of isolated bacteria in 

vitro on snakehead (Ophiocephalus striatus) and catfish (Clarias batrachus) and found the 

manifestation of ulcers in 24 to 96 hrs. Yam bot (1998) detected A. hydrophila from the 

ulcers and various internal organs of Nile tilapia (Oreochromis niloticus) during fish 

disease outbreaks in Philippines. Rahaman et al. (2002) isolated Aeromonas veronii biovar 

sobria from EUS affected fish in Bangladesh and substantiated the presence of cytolytic 

enterotoxin and haemolysin gene in the isolated bacteria. In India, Pal and Pradhan (1990) 

isolated four types of bacteria, two fluorescent pseudomonads, one aeromonad and one 

Micrococcus sp. from skin lesions of air breathing fish. The bacterial cultures in pure and 

mixed condition induced moderate to severe ulcers respectively in healthy fish. Pradhan et 

al. (1991) again isolated two pseudomonads which resembled Pseudomonas fluorescens, 

one aeromonad and another coccus from the Indian major carp Cirrhinus mrigala. 

Chattopadhyay et al. (1990) investigated twenty three fish of different species affected 

with EUS and claimed that an atypical A. hydrophila was the causative agent. Chakraborty 

and Dastidar (1990) reported the presence of chemoautotrophic nocardioform (CAN) 

bacteria repeatedly from different types of skin lesions of fish affected with EUS. 
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Investigations by Qureshi et al. (1995) on EUS affected fish revealed the presence of 

different pathogenic Aeromonas and Peudomonas bacterial strains. Karunsagar et al. 

(1995) isolated A. hydrophila and A. sobria from the affected fish Puntius sp. in 

Karnataka, India. Saha and Pal (2002) showed that four aeromonads and two 

pseudomonads isolated from EUS affected fish induced ulcers in healthy Anabas 

testudineus when administered intramuscularly. Dhanaraj et a/. (2008) studied the 

microbial flora of EUS infected Murrel Channa striatus in Tamilnadu and found A. 

hydrophila as the prevalent species in various internal organs such as kidney, gills, 

intestine and muscle of the infected fish. 

The investigations carried out by different workers clearly indicated that in spite of the 

differences in the bacterial strains isolated from different geographical regions, Aeromonas 

sp. was the most predominant bacterial pathogen detected not only in India but also in 

other EUS affected countries in the Asia pacific region and these evidences suggest that 

Aeromonas bacteria must have a major role in EUS outbreak. 

THE GENUS AEROMONAS 

The genus Aeromonas are oxidase-positive, facultatively anaerobic, glucose fermenting, 

Gram negative bacilli that belong to the family Aeromonadaceae. These are distributed 

universally in fresh--water environments and are widely isolated from clinical, 

environmental and food samples, where they can grow even at low temperatures (Pin et al., 

1996). The Aeromonas group of bacteria was discovered over 100 years ago and was 

initially recognized as pathogens of cold blooded animals like fish, frogs, snakes and 

lizards suffering from Aeromonas associated Septicemia (Schotts et al., 1972; Austin and 

Austin, 1985) In fact, the nonmotile psychrophilic Aeromonas salmonicida was first 

reported as primary pathogen of fish furunculosis, a disease responsible for severe losses in 

fish industry (Snieszko et al., 1951 ). The first human infection with an Aeromonas strain 

was reported by Hill et a/. (1954 ). Since then, different workers across the globe have been 
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detecting Aeromonas bacteria from various infection sites of cold-and warm-blooded 

animals, including human. 

TAXONOMY OF AEROMONAS 

The taxonomy of aeromonads has been in a state of constant flux. The genus name 

Aeromonas, meaning 'gas-producing unit' was first proposed by Kluyver and van Niel in 

1936 and was eventually adopted in the 7th edition of Bergeys Manual of Determinative 

Bacteriology where Snieszko (1957) included it in the family of Pseudomonadaceae ( four 

species, namely the motile species A. hydrophila, A. punctata, A. liquefaciens and the non

motile species A. salmonicida). In the 8th edition of Bergeys Manual of Determinative 

Bacteriology, it was considered a genus in the family Vibrionaceae with two other genera 

(Vibrio and Plesiomonas) that are pathogenic to humans (Schubert, 1974). But, the recent 

invention of sophisticated molecular techniques, like 16S rRNA cataloguing, 5S rRNA 

sequencing and RNA-DNA hybridization have revealed that these three genera are not 

closely related to each other phylogenetically and consequently transferred the genus 

Aeromonas to a new family of its own, the Aeromonadaceae 

(Colwell eta!., 1986). 

The identification of Aeromonas strain is quite difficult in routine surveys in the laboratory 

due to complex classification of Aeromonas bacteria into phenotypically defined 

phenospecies and genotypically delineated genospecies on the basis of DNA-DNA 

hybridization studies. At least 16 genospecies or Hybridization Groups (HGs) related to 14 

phenospecies have been proposed so far (Table 1 ). A number of sophisticated techniques 

including multilocus enzyme electrophoresis (MEE), restriction fragment length 

polymorphism (RFLP), amplified fragment length polymorphism (AFLP), cellular fatty 

acid methyl ester (FAME) composition analysis or ribotyping have been proposed to 

identify the Aeromonas sp. to the genospecies level (Carnhan and Altwegg, 1996). 
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Table 1. Current genospecies and phenospecies within the genus Aeromonas. 

DNA hybridization group Genospecies Phenocpecies 

1 A. hydrophila A. hydrophila 

2 Unnamed A. hydrophila 

3 A. sa/monicida A. sa/monicida 

3 Unnamed A. hydrophila 

4 A. caviae A. caviae 

SA A. media A. caviae 

5B A. media A. media 

6 A. eucrenophila A. eucrenophila 

7 A. sobria A. sobria 

8X A. veronii A. veronii biovar sobria 

8Y A. veronii A. veronii biovar sobria 

9 A.jandaei A.jandaei 

10 A. veronii A. veronii 

11 Unnamed Aeromonas sp. 

(ornithine positive) 

12 A. schubertii A. schubertii 

13 Unnamed Aeromonas Group 501 

14 A. trota A. trota 

15 A. allosaccharophila A. allosaccharophila 

16 A. encheleia A. encheleia 

But for most laboratories, identification of Aeromonas sp. to the genospecies level is not an 

easy task because of the technical time required, reagents involved and instrumentation 

costs. According to Janda (1991 ), the Aeromonas should only be identified as "Aeromonas 

hydrophila group" or "Aeromonas hydrophila complex" to by-pass complex classification 

systems. Another alternative is to classify the genus Aeromonas to three maJor 
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phenospecies such as, A. hydrophila, A. caviae and A. sobria by traditional biochemical 

methods. In the early nineties, Abott et al. (1991) recommended the use of9 to 16 selected 

biochemical tests for identifying aeromonads to genospecies level under appropriate 

conditions. Carnahan et al. (1991) suggested a flexible, dichotomous key, Aerokey II, with 

the help of 7 biochemical key tests as a primary battery to identify the Aeromonas strains 

to the genospecies level and its validity was confirmed by accurately identifying 97% of 60 

blinded clinical aeromonad isolates from an independent reference laboratory. Aerokey II 

has been somewhat modified by other workers, resulting in the publication of Aeroscheme 

(Furuwatari et al., 1994). For routine identification of Aeromonas sp. in hospital and 

clinical laboratories, a number of commercial systems are available in the market, although 

experience so far suggests that their performance is quite variable. 

PATHOGNECITY OF AEROMONAS 

Pathogenicity refers to the ability to cause disease by pathogen. Aeromonads have been 

shown to be pathogenic for an increasing number of cold blooded and worm blooded 

animals throughout the world. 

Cold blooded animals: Aeromonas bacteria were found to be responsible for the 

pathogeicity of a number of cold blooded animals like fish, frog and reptiles. 

Fish: A. hydrophila has been recovered from a wide range of fresh water fish species 

across the world and hardly from marine fish, e.g. ulcer of cod (Larsen et al., 1977). A. 

hydrophila has been associated with several disease conditions in fish, including tail rot, 

fin rot, and haemorrahagic septicemias. Haemorrahagic septicemia is characterized by the 

presence of small surface lesions which lead to sloughing off the scales, haemorrhaging in 

the gills and anus, exopthalmia and swelling of abdomen (Miyazaki and Kaige, 1985) Non 

motile strain A. salmonicida is known to be the causative agent of Furanculosis in 

cultivated fish, particularly salmonids. The diseases is characterized by the presence of 

13 



boil-like lesions, termed furuncles, in the musculature and has caused tremendous 

economic looses in salmon and trout fish farms (Austin and Adams, 1996). 

Amphibians: Motile Aeromonas sp. is known be to responsible for the red-leg diseases in 

frogs. The infected frog shows haemorrhage and congestion, which in turn imparts the 

infected areas various shades of red and gives the disease its common name the red-leg 

disease (Rigney, 1978). 

Reptiles: Aeromonas bacteria can cause ulcerative or necrotic stomatitis in several species 

of snakes and occasionally in lizards. A number of disease syndromes of snakes in which 

aeromonads as etiological agents have been described, including an acute septicemia and a 

fatal pneumonia (Gosling, 1996a). Turtles and crocodiles can also be infected with 

Aeromonas sp. causing large scale mortalities. Turutuglu et al. (2005) reported a case of 

skin lesions and septicemia associated with Aeromonas hydrophila in Nile crocodile. 

Warm blooded animals: Aeromonads have been found to be pathogenic to a wide rage of 

worm blooded animals including aquatic and terrestrial mammals such as cat, cattle, dog, 

dolphin, horse, fox, rabbit, monkey and human. 

Mammals other than human: Aeromonas associated septicemia has been reported in 

dogs (Pierce et al., 1973) and in captive caracal lynx, Felis caracal (Ocholi et al., 1989). 

And studies by different workers suggest that Aeromonas sp. is responsible for pneumonia 

and dermatitis in dolphins (Cusick and Bullock, 1973), abortion in cattle and water buffalo 

(Wohlgemuth et al., 1972) and peritonitis in primates (Califoux et al., 1993). 

Aeromonas infections in human: Aeromonas bacteria have been implicated in the cause 

of numerous human infections such as: 

Gastrointestinal disorder: Several investigations by different workers have reported the 

epidemiological links between Aeromonas infection and acute diarrhoea in human. 

However, none of these studies have been able to identify Aeromonas strains as the true 

causative agents of human diarrhoea (Janda and Abbott, 1998). Aeromonas sp. seems to 
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have several attributes in favour of its putative enteropathogenicity but the only attempts to 

induce experimental diarrhoea by strains of Aeromonas sp.in humans by oral challenge has 

been failed (Morgan eta/., 1985). 

Septicemia: Aeromonas associated septicemia is usually found in immunocompromised 

patients. The patients suffering from malignancy, hepatobilary diseases and diabetes may 

be diagnosed with septicemia caused by Aeromonas infections. 

Other infections: Aeromonas sp. has been reported to be associated with other type of 

infections like respiratory tract diseases, cellulitis, wound infections, meningitis, 

hepatobilary diseases and peritonitis (Janda and Abbott, 1998). 

VIRULENCE FACTORS OF AEROMONAS 

The term virulence refers to the degree or intensity of pathogencity of an organism. 

Aeromonas bacteria are known to possess a number of putative virulence factors 

responsible for the pathogenicity of various cold and warm blooded animals. However, in 

case of human, exact correlation between Aeromonas associated gastroenteritis and 

virulence factors still requires further investigations. The virulence factors studied so far in 

different Aeromonas bacteria are depicted in the Table 2. 
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Table 2. Putative virulence factors of Aeromonas 

Virulence factors Sizes (kDa) Source 

Toxins 

Aero lysin 48 All aeromonads 
Cytolytic enterotoxin 52 A. hydrophila 

Cytotonic enterotoxin 32 A. hydrophila 

Enzymes 

GCAT - A. hydrophila 
A. salmonicida 

Lipase 70 A. hydrophila 
Serine protease 70 A. salmonicida 

Amylase - A. salmonicida 

Structural features/Cell-associated features 

S-layers 49-51 A. salmonicida 

Flexible pili 4 A. hydrophila 

Adhesins A. hydrophila 

Role in pathogenesis 

Channel forming cytolysin 
Lyse rabbit RBC, destroy CHO cells, 
cause fluid secretion in rat ileal loops. 
Elevate intracellular cAMP and PgE2 

levels in cultured CHO cells 

Weakly haemolytic to mammalian 
cells, strongly haemolytic to fish cells 
Pathogenic to warm blooded animals 
Causes muscle liquefaction and 
thrombus formation in salmon 
Digest glycogen in the fish muscle 

Resistant to complement-mediated 
lysis, enhance association with 
phagocytic monocytes in vitro 
Facilitate the colonization of bacteria 
to the mammalian host 

References 

Howard et al., 1986 

Chopra et al., 1993 
Chopra et al., 2006 

Buckley et al., 1982 

Pemberton et al., 1997 
Coleman et al., 1992 

Campbell et al., 2006 

Ho et al., 1990 

Adhere to RBC, mucin layers of gut mucosa Gosling, 1 996b 



PLASMID: A VEHICLE FOR GENE TRANSFER 

Plasmids are self replicating extra chromosomal molecules of DNA varying in sizes from 1 

to more than 200 kb and encode proteins that are important and advantageous to the host 

bacteria. Plasmids mainly encode proteins for antimicrobial resistance, toxin, adhesion, 

metabolic enzyme and bacteriocin (Mayer, 1988). The genes located in the plasmids are 

often carried to the sensitive organisms by large self-transmissible plasmids. Plasmids may 

carry transposons which contain antibiotic resistance genes and frequently move between 

different plasmids or from one bacterium to another by conjugation. Plasmids often carry 

integron which harbour several antimicrobial resistance genes together as gene cassettes in 

association with an integrase gene and sequences for site specific recombination. Integrons 

carrying resistance gene cassettes may be transferred from one bacterium to another with 

the help of conjugative plasmids (Schmidt et al., 2001 ). 

PLASMIDS IN AEROMONAS 

Studies by different workers reported the presence of plasmids in different motile and non

motile Aeromonas bacterial strains with sizes ranging from 2 to 150 kb (Schmidt et al., 

2001; Nawaz et al., 2006).. Most typical strains of A. salmonicida contain plasmids and 

their profiles from strain to strain appear fairly homogenous (Toranzo et al., 1983; Chang 

and Bolton 1987). Individual strains have been reported to contain up to seven separate 

plasmids simultaneously (Schmidt et al., 2001 ). In motile A. hydro phi/a and A. sobria, the 

frequency of plasmid carriage is lower (20 to 58%) and more strain-to-strain variation in 

profiles is observed (Toranzo et al., 1983; Chang and Bolton 1987). Many of these 

plasmids isolated from Aeromonas sp. are having R factors of incompatibility groups A to 

C (Toranzo et al., 1983; Hedges et al., 1985; Chang and Bolton 1987), which confer 

antibiotic resistance (Son et al., 1997) and play a role in virulence (Majumdar et al., 2006). 

Toranzo et al. (1983) reported a plasmid-cured derivative of a wild-type A. hydrophila 
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strain showing a number of differences from the parental strain, including indole and 

gelatinase production and alterations in surface properties in addition to tetracycline 

resistance. 

Plasmid-encoded antibiotic resistance determinants in Aeromonas 

There are reports of plasmid mediated antibiotic resistance determinants in different motile 

and non motile strains of Aeromonas. Toranzo et al. (1984) reported the horizontal transfer 

of an 80 megadalton (Md) plasmid associated with streptomycin resistance in Aeromonas 

sp. isolated from cultured rainbow trout (Salmo gairdneri). A conjugative plasmid of 110 

Md was detected by Chang and Bolton (1987) in A. sobria, isolated from the fecal sample 

of a diarrhea patient and this plasmid conferred resistance to ampicillin, kanamycin, 

streptomycin, spectionomycin, sulfisoxazole, ticarcillin, tobramycin and trimethoprim. 

Borrego et al. (1991) studied the plasmid profiles of A. hydrophila isolated from fish, 

shellfish and water and found that after curing experiments plasmid-free strains 

simultaneously lost their resistance to tobramycin, neomycin, gentamycin and kanamycin. 

Chaudhury et al. (1996) investigated 108 strains of Aeromonas from clinical and 

environmental samples, in which transferable resistant plasmids (size between 85.6 and 

>150 kb), encoding resistance to ampicillin, cephalexin, erythromycin and furazolidone, 

either alone or in combination were detected in 35 strains. Son et al. (1997) identified R

plasmids mediated ampicillin and tetracycline resistance determinants in A. hydrophila 

isolated from skin lesions of common fresh water fish, Tilapia (Tilapia mossambica) in 

Malaysia. Adams et al. ( 1998) studied the R-plasmids of A. salmonicida, the causative 

agent of furunculosis, an economically important disease of salmonids and they transferred 

the plasmid borne resistance determinants to the competent E. coli bacteria. Schmidst et al. 

(2001) carried out the transfer of plasmid associated tetracycline determinants and integron 

encoded sulphadiazine, trimethoprim streptomycin determinants to E. coli isolated from 

fish pathogenic A. salmonicida. A single plasmid of 30 kb in length was detected by Roy et 

al. (2003) from a xylase-producing Aero monas bacterial strain collected from stagnant 

water and this plasmid was reported to carry cortimoxazole, ampicillin and amoxycillin 

resistant determinants. Sorum et al. (2003) observed the presence of a high molec~.{w 



weight plasmid in several strains of Aeromonas carrying multiple antibiotic resistances, 

which could be transferred with the transfer of plasmid (Sorum et al., 2003; Casas et al., 

2005). 

Plasmid-encoded virulence factors in Aeromonas 

The genes responsible for the expression of virulence factors in bacteria are often found to 

be located on large segments of DNA, known as pathogenicity islands. A set of 

approximately 25 genes encode a pathogenicity mechanism termed the type III secretion 

system (TTSS) are found to be situated in the pathogenicity islands of gram-negative 

bacteria and enables them to secrete and i~ect virulence proteins into the cytoplasm of 

eukaryotic host cells (Willey et al., 2008). Stuber et al. (2003) reported the presence of 

TTSS genes on a large thermolabile plasmid in A. salmonisida and at elevated 

temperatures the bacterial strains lost the plasmid in addition to the loss of its virulence 

potentials. Vilches et al. (2004) investigated the TTSS genes in different mesophilic 

Aeromonas bacteria and suggested that the TTSS genes on mesophilic Aeromonas strains 

were located in the chromosomes and not on a plasmid as in psychrophilic A. salmonicida. 

Brown et al. (1997) studied the putative virulence factors and plasmids of several 

mesophilic strains of Aeromonas bacteria, but could not find any evidence to support the 

role of plasmids in Aeromonas virulence. Majumdar et al. (2006) cured a 21 kb plasmid 

from A. hydrophila isolated from a ulcerative disease syndrome (UDS) affected fish and 

failed to induce UDS in healthy Indian walking catfish. Clarias batrachus when 

administered the plasmid free cured strains intramuscularly. 
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3.1. FISH 

3.1.1. Collection of diseased fish 

Naturally infected fish Katla (Cat/a cat/a), Mrigel ( Cirrhinus mrigala), Shole (Channa 

striata) and Punti (Puntius sp.) showing ulcerative lesions (Fig. 2 and 3) were collected 

during winter months of the year 2005-2006 from different affected ponds in various 

locations of the Datjeeling and Jalpaiguri districts of West Bengal (Fig. 4 and 5) and were 

used for the isolation of bacteria. Infected fish were brought alive to the laboratory for 

experimental work. 

Fig. 2 Naturally EUS infected 

Cirrhinus mrigala 

Fig. 3 Naturally EUS infected 

Catlacatla 

3.1.2. Collection and maintenance of healthy fish for experimental works 

Healthy air breathing fish (Channa punctatus), collected from nearby fish farms of 

Datjeeling district of West Bengal with no history of EUS infection were used for 

experimental work. Fish were maintained in the laboratory in glass aquaria measuring 90 x 

35 x 35 em in which the depth of the static water was 20 em. Water temperature was 

maintained at 28 - 30°C. The fish were fed with chopped earthworms and acclimatized 

under laboratory conditions for at least 15 days before using them for experimental work. 
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Fig. 4. An EUS infected pond in Lataguri, Jalpaiguri 

Fig. 5. Fishermen netting in the affected pond 
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3.2. COMPOSITION AND PREPARATION OF MEDIA 

Several media were used during the present study for isolation and maintenance of isolates 

and for biochemical tests. The compositions of all media used in the study are given 

below: 

Hugh and Leifson's OF medium (Hugh and Leifson, 1953) 

Peptone 2g 

NaCl 5g 

K2HP04 0.3 g 

Agar 3g 

Distilled water 1000 mL 

Bromothymol blue, 15 mL 
0.2% aqueous soln. 

All the ingredients were dissolved and the pH was adjusted to 7 .1. The solution was 

filtered and the indicator was added to it. It was sterilized at ll5°C for 20 min. 

The carbohydrates solution was sterilized separately and mixed to the OF medium to give 

a final concentration of 1%. It was then distributed ascetically into sterile test tubes. 

Tween 80 medium 

Peptone 10 g 

NaCl 5g 

CaCh.2H20 0.1 g 

Agar 20 g 

Distilled water 1000 mL 

The ingredients were steamed until the solids were dissolved. The pH was adjusted to 7.4 

and sterilized at 115°C for 20 min. 

Tween 80 was sterilized separately and added aseptically to the solution to give a final 

concentration of 1%. The final medium was distributed into sterile Petri plates. 
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Modified motility media (Hajna, 1950) 

Peptone 10 g 

Beef extract 3g 

NaCl 5g 

Agar 4g 

Gelatin 80 g 

Cystein 0.2 g 

Ferrous ammonium sulphate 0.2 g 

Sodium Citrate 2g 

Distilled water 1000 mL 

Gelain was socked in water for 30 min. The other ingredients were added and dissolved to 

sterilize at ll5°C for 20 min. 

Glucose-Phosphate medium 

Peptone 

K2HP04 

Distilled water 

Glucose 

5g 

5g 

1000 mL 

5g 

The first two ingredients were steamed to dissolve, filtered and the pH was adjusted to 7.4. 

The glucose was then added to it and distributed into tubes containing 5 mL of solution. 

Milk Agar 

Skimmed milk powder 

Agar 

5 g in 50 mL distilled water 

1 g in 50 mL distilled water 

The two ingredients were prepared separately and autoclaved at 1l5°C for 20 min. They 

were cooled to 45°C and mixed aseptically. 
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Lecithovitellin Agar 

Hens egg 

NaCl, 0.85% soln. 

4 pc 

1000 mL 

The yolks were separated aseptically from the whites and thoroughly mixed with sterile 

saline to form a homogeneous mixture. The sterile molten nutrient agar (HiMedia 

Laboratories, Mumbai, India) was added aseptically to the mixture at a temperature of 

50°C and mixed thoroughly to pour into plates. 

Decarboxylase media (M0ller, 1955) 

Peptone 

Beef extract 

Pyridoxal 

Glucose 

5g 

5g 

Smg 

0.5 g 

Bromothymol purple 0.2 % aq. soln 5 mL 

Cresol red, 0.2 % aq. soln 2.5 mL 

Distilled water 1 000 mL 

The ingredients were dissolved by heating and the pH was adjusted to 6.0. The indicators 

were added and the mixture was distributed into four equal volumes to sterilize at ll5°C 

for 20 min. 

L-arginine hydrochloride 

L-lysine hydrochloride 

L-omithine hydrochloride 

No addition 

1% 

1% 

1% 

The above ingredients were added separately and the four media were distributed into 

small rimless tubes with a volume of 1-1.5 mL containing sterile medicinal grade liquid 

paraffin to height of about 5 mm above the medium. Then, the tubes were autoclaved at 

ll5°C for 10 min 
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Nitrate Broth 

KNO~ 

Nutrient Broth 

1 g 

1000 mL 

Potassium Nitrate was dissolved in the Nutrient Broth (HiMedia Laboratories, Mumbai, 

India) and distributed into test tubes containing inverted Durham's tubes, and sterilized at 

ll5°C for 20 min. 

Nutrient Gelatin 

Beef extract 

Peptone 

Gelatin 

Distilled water 

3g 

5g 

120 g 

1000 mL 

Gelain was socked in water for 30 min. The other ingredients were added and dissolved to 

sterilize at ll5°C for 20 min. 

Peptone Water 

Peptone 

NaCI 

Distilled water 

10 g 

5g 

1000 mL 

The solids were dissolved and the pH was adjusted to 8.0-8.4. It was boiled for 10 min, 

filtered and again the pH was adjusted to 7.2-7.4 and autoclaved at 1l5°C for 10 min. 

Esculin Broth 

Esculin 

Ferric citrate 

Peptone Water 

1 g 

0.5 g 

1000 mL 

The ingredients were dissolved in the Peptone water and sterilized at ll5°C for 10 min 
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3.3. COMPOSITION AND PREPARATION OF BUFFERS AND REAGENTS 

The compositions of buffers and reagents used in the present investigation are enlisted 

below: 

TE Buffer: 10mM Tris-HCL, 1mM EDTA, Ph 8.0. 

50X TAE Buffer (1 lt): Tris base: 242 g, glacial acetic acid: 57.1 mL 100 mL 0.5M 

EDTA, pH 8.0. The volume is adjusted to I Lt with distilled water and autoclaved atli5°C 

for 10 min. 

RBC Lysing Buffer: Tris base: 260 mg, NJ-4Cl: 770 mg, distilled water: I 00 mL, pH 7.2. 

Nitrite reagent A: 0.33% sulphanalic acid in 5N acetic acid. 

Nitrite reagent B: 0.5% dimethyl -a- naphthylamine in 5N acetic acid. 

Kovacs' reagent: p- dimethylaminobenzaldehyde: 5 g, amyl alcohol: 75 mL, cons HCL: 25 

mL. 

Burke's iodine: Iodine: I g, potassium iodide: 2 g, distilled water: 100 mL. 

Carbolfuchsin: Phenol: 85 g, basic fuchsin: I5 g, ethanol: 250 mL, distilled water I250 

mL. One volume is diluted with I0-20 volumes of distilled water. 

Crystal violet: Crystal violet: 2 g, 95% ethyl alcohol: 20 mL, 1% aqs. Ammonium oxalates 

soln.: 80 mL. 

Methyl red: Methyl red: 0.04 g, ethanol: 40 mL. Methyl red was dissolved in ethanol and 

diluted with distilled water to I 00 mL. 

3.4. BACTERIA 

3.4.1. Isolation of bacteria 

The ulcerated area of the diseased fish was dissected aseptically following Pal and Pradhan 

(1990) and placed in a conical flask containing 15 mL of nutrient broth (HiMedia 

Laboratories, Mumbai, India) supplemented with glucose. The flask was incubated at 30°C 
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for 72 hrs. Then 1 mL of each bacterial culture grown on nutrient broth was inoculated in a 

conical flask containing 20 mL of molten Aeromonas isolation medium supplemented with 

Aeromonas selective supplement (HiMedia Laboratories, Mumbai, India) and mixed 

thoroughly. The mixture was then poured on sterile petri dish (90 mm diameter) and 

allowed to solidify for overnight at 30°C. Colonies grown on the agar plates were selected 

and then streaked on to nutrient agar slants to incubate at 30°C for 24 hrs. 

Each isolate was given a particular code name and stored at 4°C. For routine experimental 

works, the isolates were subcultured by growing in nutrient broth for 24 hrs at 30°C. 

3.4.2. Characterization of the isolated bacteria 

To identify the bacteria, a number of physiological and biochemical tests (Barrow and 

Feltham, 1993) were conducted following the identification scheme described by Popoff 

(1984), Camanhan et al. ( 1991) and Abbott et al. (1992). 

3.4.2.1. Morphological characterization 

Shape and size of the bacteria 

To examine the shape and size of the cells, a drop of cell suspension of the test bacterium 

was placed on a clean grease-free slide, air dried and stained with carbol fuchsin and 

observed under microscope. Diameter was measured with standard ocular micrometer 

Morphology of the colony 

Morphology of the bacterial colony on nutrient agar plates like texture (smooth or rough), 

appearance (glistening or dull), optical property (opaque, translucent, transparent) etc were 

examined. 
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Motility 

To detect the motility of sample bacteria, tubes of modified motility medium were stab 

inoculated to a depth of about 5 mm. The tubes were incubated at 28°C and the turbidly 

pattern was observed for 5 days. 

3.4.2.2. Physiological and Biochemical tests 

Gram reaction 

Smear prepared on slide from 24 hrs old culture of sample bacterium in nutrient broth was 

heat fixed, air dried and flooded with crystal violet stain for 1 min and then rinsed off with 

water. Burke's iodine was then added to the smear and allowed to stand for 1 min and 

rinsed off with water. The smear was then decolorized with 95% ethanol, which was 

poured drop by drop holding the slide in a slanting position against white background till 

no colour came out from the lower edge of the slide. The smear was then counterstained 

with safranin for 1 min and rinsed off with water. The slide was air dried and observed 

under microscope (Bartholomew, 1962). 

Production of catalase 

The bacterial culture was incubated for 24 hrs on nutrient agar slant and 1 mL of 3% 

Hydrogen peroxide solution was poured down over the slant. Immediate evolution of gas 

indicated the presence of catalase activity (Barrow and Feltham, 1993). 

Production of oxidase 

Twenty four hrs grown bacterial culture on nutrient agar (glucose free) were taken and 

smeared across a filter paper moistened with freshly prepared 1% tetramethy-p

phenylenediaminedihidrochloride with a glass rod. The appearance of a dark purple colour 

within 30 s indicated a positive reaction (Barrow and Feltham, 1993). 

Nitrate reduction 

Nitrate broth was inoculated and incubated for 5 days. Inverted Durham's tube was 

inserted into the medium. The presence of nitrite (after reduction of nitrate to nitrite) was 
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tested by addition of 1 mL of nitrite reagent A followed by 1 mL of reagent B. Appearance 

of red colour indicated a positive reaction. Zinc dust was added to the tubes which were 

not showing positive reaction and allowed to stand for 5 min. Appearance of red colour 

reported the presence of nitrate in the culture medium which indicated a negative reaction. 

Any gas production in the Durham's tube was noted (Barrow and Feltham, 1993). 

Oxidation or Fermentation of glucose 

Oxidation or fermentation of glucose was carried out by inoculating duplicate tubes of 

Hugh and Leifson's medium containing 1% glucose by stabbing. After inoculation, sterile 

molten paraffin was poured on to the top of one of the tubes to a depth of l 0 em. The other 

tube was left open. Both the tubes were incubated at 30°C for at least 7 days. The 

appearance of yellow colour in the open tubes only indicated the acid production from 

glucose by oxidation. Yell ow colour in both the tubes indicated oxidation and fermentation 

of glucose (Hugh and Leifson, 1953). 

Indole production 

Nutrient broth was inoculated and incubated at 30°C for 48 hrs. Indole production was 

judged by adding 0.5 mL of Kovac's reagent for 1 min. Appearance of red colour in the 

reagent layer indicated indole production (Barrow and Feltham, 1993). 

Acid and gas production in media containing different carbohydrates 

The acid production of glucose was tested by the Hugh and Leifson' s medium without 

agar. The following carbohydrates were tested: L-arabinose, sucrose, mannitol and salicin. 

The medium was incubated at 30°C for 14 days. If the colour of the medium turned into 

yellow, it indicated acid production. To determine the gas production, inverted Durham's 

tubes filled with medium was inserted into the tube. Generation of gas at the top of the 

Durham's tube indicated positive result (Barrow and Feltham, 1993). 
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Methyl red reaction 

Glucose phosphate medium was inoculated and incubated at 30°C for 5 days. Two drops of 

Methyl red (MR) solution was then added, shaken and examined. A positive MR reaction 

is shown by the appearance of a red colour at the surface (Barrow and Feltham, 1993). 

Voges- Proskauer (VP) test 

After completion of the methyl red test, 0.6 mL of 5% a-napthol solution in ethanol and 

0.2 mL of 40% potassium hydroxide aqueous solution was added and mixed thoroughly. 

The tube was then placed in a slanting position to increase the air-liquid interface and 

examined after 15-60 min. The appearance of strong red colour indicated positive result 

(Barrow and Feltham, 1993). 

Esculin hydrolysis 

Esculin broth was inoculated with sample bacteria and examined for 5 days. A positive 

result was indicated by the blackening of the medium (Barrow and Feltham, 1993). 

Decarboxylase tests 

The three Decarboxylase media ( argine, lysine and ornithine) and control were heavily 

inoculated with bacteria through the paraffin layer and incubated at 30°C for 24-48 hrs. 

The media first turned into yellow due to acid production from the glucose. The acidic 

environment in the media caused decarboxylation that raised the pH of the media and 

turned bromocresol purple from yellow to purple. A purple colour represented the positive 

test (Barrow and Feltham, 1993). 

Resistance to antibiotic cephalothin 

The resistance to cephalothin of each isolate was detected by the disc diffusion method. 

Mueller-Hinton agar (HiMedia Laboratories, Mumbai, India) plates (90 mm diameter) 

were inoculated with 0.1 mL of 18 hrs old culture of test bacterium in nutrient broth. The 

antimicrobial discs of cephalothin (HiMedia Laboratories, Mumbai, India) were applied on 

the bacterial culture plates and incubated at 30°C for 24 hrs. Appearances of clear zones 

around the discs were noted and the diameters of the clear zones were measured. Zone 
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diameters were interpreted as sensitive, intermediate or resistant based on the 

manufacturer's instructions. 

3.5. PATHOGENICITY TEST OF THE ISOLATED BACTERIA 

All the isolates were tested for their ability to induce ulcers in healthy C. punctatus fish 

weighing of 40-50 g by intramuscular application of 0.5 mL of bacterial cell suspension 

(1 x 107 c.f.u /mL) per 100 g of body weight in 0.85% NaCl. Each isolate was injected into 

a set of five fish. The control set of fish received 0.05 mL sterile saline. Fish were 

observed for changes in their behavioral patterns as well as development of hemorrhagic 

ulcers and tissue necrosis (Pradhan and Pal, 1990). 

Intramuscular injection was given at the trunk region on the right side of the fish with a 

Fig. 6. Intramuscular administration of bacterial suspension to fish, Channa punctatus 

28 gauge needle attached with a 1.0 mL insulin syringe (Fig. 6). The needle was inserted 

from behind to the front at an angle of20° to the body axis. 
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3.6. CHARACTERIZATION OF ISOLATED BACTERIA BASED ON SOME 

VIRULENCE FACTORS 

The presence of extracellular virulence factors such as haemolysin, lipase, amylase, 

caseinase, lecithinase and gelatinase in the isolated bacteria were determined by the 

following tests 

Lipid hydrolysis 

Tween 80 hydrolysis was conducted for determining the presence of lipase in the bacteria. 

Tween 80 medium plate was streaked and incubated at 30°C. The plate was examined each 

day for an opaque halo of precipitation around the growth that indicated hydrolysis of 

Tween 80 (Barrow and Feltham, 1993). 

Haemolysin production 

Tryptone soya agar (HiMedia Laboratories, Mumbai India) plate containing 5% 

defibrinated sheep erythrocytes was spot inoculated and incubated for 24-48 hrs at 30°C. 

The presence of haemolysin was indicated by a clear zone around the bacterial growth 

(Santos et al., 1988). 

Starch hydrolysis 

Starch hydrolysis was conducted to determine the presence of extracellular enzyme 

amylase in the test bacterium. Plates of nutrient agar containing 0.2% soluble starch were 

streaked and incubated at 30°C for 5 days. The plates were then flooded with Burke's 

iodine solution. A positive result was indicated by the clear colourless zone around the 

growth (Barrow and Feltham, 1993). 

Casein hydrolysis 

Casein hydrolysis was carried out to determine the presence of caseinase in the bacteria. 

Plates of milk agar were streaked with the bacteria and incubated at 30°C and examined 

daily upto 14 days. A clear zone around the bacterial growth indicated the positive result 

(Barrow and Feltham, 1993). 
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Lecuhinaseproduction 

The lecithovitellin agar plate was streaked and incubated for 5 days. The plate was 

observed daily and the presence of lecithinase in the test bacterium was indicated by a 

clear zone of opalescence under and around the growth (Barrow and Feltham, 1993). 

Gelatin hydrolysis 

Gelatin hydrolysis was conducted to determine the presence extracellular enzyme 

gelatinase in the test bacteria. Nutrient gelatin was inoculated with the sample bacteria and 

incubated at 30°C for 24- 48 hrs. The medium was chilled in a refrigerator for about 2 

hours before examination. A positive result was indicated by the liquefaction of gelatin 

medium whereas a gelled medium after chilling represented a negative result (Barrow and 

Feltham, 1993). 

3.7. CYTOTOXIC EFFECT OF BACTERIAL ISOLATES ON HEAD KIDNEY 

CELLS OF HEALTHY FISH 

For analysis of the cytotoxic effect, bacterial isolates were grown in nutrient broth at 30°C 

for 24 hrs in an orbital shaking incubator. The bacterial culture was then centrifuged at 

10.000 rpm for 10 min at 4°C and the supernatant was collected carefully. The cell free 

culture was obtained by passing the supernatant through a 0.45 Jlm cellulose acetate 

membrane filter (Sartorius). The total protein content of the filtrates was estimated by 

Lowry's method (Lowry eta!., 1951 ). 

Serial double dilutions of filtrates (1; 1/2; 1/4) were prepared using sterile nutrient broth to 

judge the cytotoxic affect on head kidney cells separated from a healthy Channa punctatus 

fish. Head kidney was collected aseptically from healthy Channa fish and dissociated in 

phosphate buffered saline (PBS, pH 7.2) (HiMedia Laboratories, Mumbai, India) with the 

help of stainless steel wire mesh. The cell suspension was then washed twice with PBS by 

centrifugation at 1500 rpm for 5 min and further kept at 4°C with RBC lysis buffer for 15 
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min. After lysis of the RBC, cell suspension was further centrifuged and suspended in L-15 

medium Leibovitz (Sigma, USA). Final volume of cells was adjusted to I 05 in 2 mL 

culture medium. 

Bacterial cultural filtrates ( 100 J.LL) was added to 105 head kidney cells, on a sterile culture 

plastic petri plate supplemented with I 0% heat inactivated sterile fetal calf serum (Sigma, 

USA). Control set was prepared using 100 J.LL of sterile nutrient broth instead of culture 

filtrates. Culture plates were then incubated at 25°C for 6 hrs in humidified atmosphere 

with 5% C02 in air. Cell survival after 6 hrs of culture was judged by trypan blue dye 

exclusion test which indicated uptake of blue dye by death and dying cells. Counting of the 

cells was made with haemocytometer. 

3.8. ANTIBIOTIC SUSCEPTIBILITY TEST BY DISC DIFFUSION METHOD 

The antibiotic susceptibility of each isolate was detected by the disc diffusion method. The 

following antimicrobial sensitivity discs (HiMedia Laboratories, Mumbai, India) were used 

to determine the antibiotic sensitivity of the bacterial isolates: ampicillin (1 OJ.Lg), 

erythromycin (15 J.Lg), streptomycin ( lOJ.Lg), tetracycline (30J.Lg), nalidixic acid (30J.Lg), 

gentamycin (1 OJ.Lg), kanamycin (30J.Lg), chloramphenicol (30J.Lg), novobiocin (30J.Lg), 

sulphadiazine (15J.Lg) and rifampicin (IOJ.Lg). 0.1 mL of 18 hrs old culture oftest bacterium 

grown on nutrient broth was inoculated in a conical flask containing 20 mL of sterile 

Muller Hinton Agar cooled to 45°C and mixed thoroughly. The mixture was then poured 

on sterile Petri dish (90 mm diameter) and allowed to solidity. Antibiotic sensitivity discs 

were put aseptically on the solid medium maintaining a distance of approximately 4 em 

between each disc and incubated at 30°C for 24 hrs. Appearances of dear zones around the 

discs were noted and the diameters of the clear zones were measured. Zone diameters were 

interpreted as sensitive, intermediate or resistant based on the manufacturer's instructions. 
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3.9. ISOLATION OF DNA 

3.9.1. Isolation of bacterial genomic DNA 

A single c.f.u. of test bacterium was picked up and grown in 20 mL Luria-Bertani (LB) 

medium ( HiMedia Laboratories, Mumbai, India) at 30°C for 18-24 hrs. A volume of 1 mL 

bacterial cell culture was taken in a centrifuge tube and spun at 10,000 rpm for 10 min. The 

supernatant was discarded and the pellet was mixed with 20 flL of TE (pH 8.0), 30 flL 10% 

SDS and 13 flL of proteinase K ( 10 mg /mL ). The mixture was then incubated at 56°C for 

16 hrs. The solution was then thoroughly mixed with 0.80 flL of CTAB (1% CTAB, 1M 

NaCl) and 100 flL of 5M NaCl. It was incubated at 65°C for 10 min and then centrifuged 

at 12,000 rpm for 10-15 min. The supernatant was gently taken to a fresh vial and 0.6 

volume 70% ethanol was added to it. The mixture was spun at 12,000 rpm for 10 min and 

the supernatant was discarded. The precipitate DNA was dried and finally resuspended in 

50 flL of TE, pH 8.0 .. The DNA was electrophoresed on 1.0 % agarose gel and visualized 

after staining with 0.2% ethidium bromide (Ausubel et al., 1992)-

3.9.2. Isolation and purification of plasmid 

Plasmids were isolated from bacterial cultures with a mini preparation kit (Bangalore 

Genei, India) according to manufacturer's instructions. A single colony of test bacterium 

was picked up and grown in 20 mL of LB medium at 30°C for 18-24 hrs. A volume of 1.5 

mL bacterial cell culture was taken in a 1.5 mL eppendorf tube and centrifuged at 6,000 

rpm for 1 0 min. The supernatant was discarded and 1 00 flL of ice cold solution I. was 

added to the pellet. The pellet was resuspended completely by vortexing and kept on ice 

for 5 min. To this mixture, 200 JlL of solution II was mixed thoroughly at room 

temperature by inverting the tube several times. Then, 150 flL of chilled solution III was 

added and mixed thoroughly by inverting the tube. The mixture was kept on ice for 5 min 

and centrifuged at 8,000 rpm for 10 min at 4°C. The supernatant was removed carefully 

into a fresh eppendorf tube and 450 flL of solution IV was added to it. It was kept at room 

temperature for 15 min and thereafter centrifuged at 1 0,000 rpm for 25 min. The 
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supernatant was discarded and the precipitate DNA was dried and resuspended in 20 J.iL 

TE, pH 8.0. The plasmids were electrophoresed on 0.8% agarose gel along with molecular 

weight marker (Lambda DNA Hind III digest, Bangalore Genei) and visualized after 

staining with 0.2 % ethidium bromide. Molecular weight analysis of plasmids was carried 

out by Image Aid software package (Spectronics, New York) 

For purification, sample DNA was mixed with equal volume (1: I) of saturated phenol and 

centrifuged at 8,000 rpm for 2-5 min. The upper aqueous phase was removed into a fresh 

eppendoerftube and an equal amount of24:l(v/v) chloroform- isoamyl alcohol was added 

to it. To this mixture, 0.1 volume of 3M sodium acetate (pH 5.5) and 2 volumes of absolute 

ethanol was added to incubate at -20°C for 12-16 hrs. The mixture was then spun at~ 

10,000 rpm for 25-30 min and the supernatant was discarded carefully. The precipitate 

DNA was washed with 70% alcohol at 10,000 rpm for 10 min to remove excess salts. The 

DNA was dried and resuspended in TE, pH 8.0 (Brown, 2000). 

Spectrophotometric analysis of DNA: Sample DNA was used for the spectral reading at 

two different wavelenghs, 260 nm and 280 nm. The spectral reading at 260 nm has been 

calculated for the concentrations of DNA and dilution factor of the sample. An O.D value 

of 1 corresponds to 50 J.ig of double stranded DNA. A pure sample of standard DNA has 

O.D of 1.8 at 260 nm and 2.0 at 280 nm. 

3.10. TRANSFORMATION OF PLASMID DNA TO E. Coli DHSa STRAIN 

To detect the antibiotic resistance determinants in the plasmid, artificial transfer of plasmid 

content to the E. coli DH5alpha strain was done by CaCh activation method (Sambrook et 

al., 1989). Artificial transformation includes the following steps: 

3.10.1. Preparation of competent cell 

A single colony of E. coli DH5a was transferred into 100 mL of LB broth. The same was 

incubated in an orbital shaking incubator at 200 rpm at 37°C until the O.D reached 0.3. 
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Culture was then cooled to 0°C and centrifuged at 4,100 rpm for 10 min to discard the 

supernatant. Pellet was then resuspended in 30 mL chilled MgCh-CaCh solution (80mM 

MgCh, 20mM CaCh) by gentle vortexing and centrifuged at 4100rpm for 10 min at 4°C. 

Finally the supernatant was removed and the pellet was resuspended in 2mL of ice cold 

O.IM CaCh. 

3.10.2. Uptake of DNA by competent cell 

DNA to be transformed was then added (:S50ng in 10 j.!L) to 200 j.!L of competent cells in 

chilled microcentrifuge tubes. Tubes were then transferred to circulating water bath 

preheated at 42°C for 90 s and then to ice for 2 min. After this 800 j.!L of LB broth was 

added and incubated at 3 7°C for 45 min in water bath. Transformed competent cells were 

then transferred onto LB agar plates with appropriate antibiotics and incubated at 3 7°C for 

the growth of the transformed colonies. 

3.11. CONJUGATIONAL GENE TRANSFER 

Each potential donor was incubated overnight in LB broth at 30°C and E. coli DH5a 

nalidixic acid resistant and plasmid free recipient strains were incubated in the same 

medium at 37°C to an equal density. Broth conjugation was performed by mixing equal 

(1: 1) volume of donor and recipient strains and incubated at 26°C for 24 hrs without 

shaking. A 10 fold serial dilution of each mating mixture were spread on LB agar plates 

supplemented with 10 j.tg/mL nalidixic acid and an inhibiting concentration of 

antimicrobial agent to which the potential donors were resistant. Colonies growing on 

these double selective plates after 24 to 48 hrs of incubation at 37°C were treated as 

putative transconjugants. Suspected transconjugants were replica plated on antibiotic 

containing media and screened for plasmids. Transfer frequencies were calculated as the 

mean number of transconjugants per initial number of recipients. 
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3.12. PCR DETECTION OF THE CYTOLYTIC ENTEROTOXIN GENE AND 

EXTRACELLULAR AEROL YSIN GENE 

Detection of both cytolytic enterotoxin and aerolysin genes in the various Aeromonas 

isolates were investigated by using the PCR primer combination strategy of Kingombe et 

al. (1999) with the primers AHCF1 (5,-GAG AAG GTG ACC ACC AAG AAC A-3) and 

AHCR1 (5,-AAC TGA CAT CGG CCT TGA ACT C-3 ). These primers were used to 

simultaneously detect the presence of cytolytic enterotoxin gene and extracellular aerolysin 

gene both in bacterial genome and plasmids of Aeromonas bacteria isolated from affected 

fish. The primers were synthesized by Sigma, USA. The PCRs used here were performed 

in a final volume of 25 JlL containing of 5 JlL DNA, 0.5 JlL of a mixture containing 110 

mM deoxyribonucleotide triphosphate, 2.5 JlL of 50 mM MgCh solution, 2.5 JlL of 1 OX 

PCR buffer, 1.0 JlL of a 20 JlM solution of each primer, 1.0 JlL of Taq DNA polymerase 

(Bangalore Genei, India) at 3 U/JlL, and 11.5 JlL of double-distilled sterile water. PCR was 

performed under the following conditions: Denaturation at 95°C for 5 min, followed by 30 

cycles of denaturation at 95 oc for 15 s, annealing at 64 °C for 30 s, and extension at 72°C 

for 30 s. After the final cycle, an extension at 72°C was allowed for 7 min. PCR was 

performed in an automated thermal cycler (Peqlab, South Korea) and the amplicons were 

visualized after electrophoresis in a 1.5% agarose gel stained with 0.2 % ethidium bromide 

along with 500 bp DNA marker (Bangalore Genei, India). The specificity of the primer 

combination was corroborated with negative PCR results obtained by using E. coli DH5a 

strain. 
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4.1. ISOLATION AND CHARACTERIZATION OF BACTERIA FROM THE 

ULCERS OF EUS AFFECTED FISH 

EUS infected fish Cirrhinus mrigala, Catla catla, Channa striata and Puntius sp. were 

collected from different ponds in various locations of Jalpaiguri and Darjeelings districts in 

West Bengal, India and brought alive to the laboratory. 

Altogether, twenty bacterial isolates, five from each fish species were isolated from the 

ulcerated area using Aeromonas isolation medium supplemented with Aeromonas selective 

supplement (HiMedia Laboratories, Mumbai, India) by pour plate method. The isolation and 

biochemical characterization of bacterial isolates were described in details in section 3.4.1. 

and 3.4.2. of the materials and methods. All the isolates were motile, non- spore forming, 

glucose fermenting, Gram- negative bacilli (Fig. 9, 7 and 8). Results of the morphological 

observations and biochemical tests (Fig.11., 10 and 11) of all the bacteria isolated from 

different fish species were mentioned in the Table 3, 4, 5 and 6 respectively. 

The four isolates from ulcers of C. mrigala were identified as A. hydrophila (M6- M9) and 

the remaining one as Aeromonas caviae (M10). All the five bacteria isolated from ulcers of 

C. catla were identified as A. hydrophila (Ctl-Ct5). Among the isolates of C. striata, three 

were A. hydrophila, (Ch3-Ch5) one belonged to Aeromonas veronii biovar sobria (Ch1) and 

the rest one could not follow any of the identification systems described in the materials and 

methods. Therefore, it was only stated as Aeromonas sp (Ch2). All isolates from the ulcers of 

Puntius sp. were identified as A. hydrophila (P1-P5). 
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Table 3. Morphological and biochemical characteristics of bacteria isolated from the ulcers of 
Cirrhinus mrigala, 

Bacterial isolates 

M6 M7 M8 M9 MIO 

Shape rod rod rod rod rod 
Occurrence single single single single single 

pairs pairs pa1rs pairs pairs 
chains chains chains chains chains 

Spores 
-" - - -

Agar colonies circular circular circular circular circular 
smooth smooth smooth smooth smooth 
convex convex convex convex convex 

Gram reaction 
Motility + + + + + 
Growth at: 

25° c g g g g g 
30° c g g g g g 
37° c m m m m m 
42°C n n n n n 

Growth at 6% NaCI 
Indole production + + + + + 
Resistance to Ch + + + -t- + 
VP + + + + 
Nitrate + + + + + 
Gas from glucose + + + + 
Oxidase + + + + + 
Catalase + + + + + 
0-F test + + + + + 
Acid from: 

Glucose + + + + + 
L-arabinose + + + + + 
Sucrose + + + + + 
Mannitol + + + + + 

Esculin hydrolysis + + + + + 
LDC + + + + 
ODC 
ADH + + + + + 

+, positive; -, negative; g, good growth; m, moderate growth; n, no growth; Ch, cephalothin; VP, 
Vo~e~-Proskauer reaction; 0-F, oxidation fermentation LDC, lysine decarboxylase; ODC, 
ormthme decarboxylase; ADH, arginine dihydrolase. 
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Table 4. Morphological and biochemical characteristics of bacteria isolated from the ulcers of 
Cat/a cat/a 

Bacterial isolates 

Ctl Ct2 Ct3 Ct4 Ct5 

Shape rod rod rod rod rod 
Occurrence single single single single single 

patrs pans pairs pairs patrs 
chains chains chains chains chains 

Spores 
- -

Agar colonies circular circular circular circular circular 
smooth smooth smooth smooth smooth 
convex convex convex convex convex 

Gram reaction 
Motility + + + + + 
Growth at: 

25° c g g g g g 
30° c g g g g g 
37° c m m m m m 
42° c n n n n n 

Growth at 6% NaCl 
Indole production + + + + + 
Resistance to Ch + + + + + 
VP + + + + + 
Nitrate + + + + + 
Gas from glucose + + + + + 
Oxidase + + + + + 
Catalase + + + + + 
0-F test + + + + + 
Acid from: 

Glucose + + + + + 
L-arabinose + + + + + 
Sucrose + + + + + 
Mannitol + + + + + 

Esculin hydrolysis + + + + + 
LDC + + + + + 
ODC 
ADH + + + + + 

+, positive; -, negative; g, good growth; m, moderate growth; n, no growth; Ch, cephalothin; VP, 
Voges-Proskauer reaction; 0-F, oxidation fermentation LDC, lysine decarboxylase; ODC, 
ornithine decarboxylase; ADH, arginine dihydrolase. 
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Table 5. Morphological and biochemical characteristics of bacteria isolated from the ulcers 
of Channa striata 

Bacterial isolates 

Chl Ch2 Ch3 Ch4 Ch5 

Shape rod rod rod rod rod 
Occurrence single single single single single 

paus paus pairs pairs pmrs 
chains chains chains chains chains 

Spores 
- - -

Agar colonies circular circular circular circular circular 
smooth smooth smooth smooth smooth 
convex convex convex convex convex 

Gram reaction 
Motility + + + + + 
Growth at: 

25° c g g g g g 
30° c g g g g g 
37° c m m m m m 
42° c n n n n n 

Growth at 6% NaCl 
Indole production + + + + + 
Resistance to Ch + + + + 
VP + + + + 
Nitrate + + + + + 
Gas from glucose + + + + + 
Oxidase + + + + + 
Catalase + + + + + 
0-F test + + + + + 
Acid from: 

Glucose + + + + + 
L-arabinose + + + + 
Sucrose + + + + + 
Mannitol + + + + 

Esculin hydrolysis + + + 
LDC + + + + 
ODC + 
ADH + + + + 

+, positive; -, negative; g, good growth; m, moderate growth; n, no growth; Ch, cephalothin; VP, 
Vo~e~-Proskauer reaction; 0-F, oxidation fermentation LDC, lysine decarboxylase; ODC, 
omtthme decarboxylase; ADH, arginine dihydrolase. 
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Table 6. Morphological and biochemical characteristics of bacteria isolated from the ulcers 
of Puntius sp. 

Bacterial isolates 

PI P2 P3 P4 P5 

Shape rod rod rod rod rod 
Occurrence single single single single single 

paus pairs pairs paus paus 
chains chains chains chains chains 

Spores 
- - - -

Agar colonies circular circular circular circular circular 
smooth smooth smooth smooth smooth 
convex convex convex convex convex 

Gram reaction 
Motility + + + + + 
Growth at: 

25° c g g g g g 
30° c g g g g g 
37° c m m m m m 
42° c n n n n n 

Growth at 6% NaCl 
Indole production + + + + + 
Resistance to Ch + + + + + 
VP + + + + + 
Nitrate + + + + + 
Gas from glucose + + + + + 
Oxidase + + + + + 
Catalase + + + + + 
0-F test + + + + + 
Acid from: 

Glucose + + + + + 
L-arabinose + + + + + 
Sucrose + + + + + 
Mannitol + + + + + 

Esculin hydrolysis + + + + + 
LDC + + + + + 
ODC + + + + + 
ADH + + + + + 

+, positive; -, negative; g, good growth; m, moderate growth; n, no growth; Ch, cephalothin; VP, 
Voges-Proskauer reaction; 0-F, oxidation fermentation LDC, lysine decarboxylase; ODC, 
ornithine decarboxylase; ADH, arginine dihydrolase. 
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Fig. 7. Aeromonas caviae, Ml 0 (X400) 

Fig. 8 . .Aeromonas hydrophila, Ct5 (XlOOO) 

Fig. 9. Aeromonas hydrophila, PI (X400) 
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Fig. 10. Results for gas production in the medium containing glucose. 
Left: Aeromonas hydrophila, Ct5 (positive test); right: negative control 

Fig. 11. Results for indole production 
Left: Control (indole negative); Right: Aeromonas hydrophila, P2 (indole positive) 

Fig. 12. Results for esculin hydrolysis 
Left: Aeromonas hydrophila, M6 (esculin positive); Middle: Aeromonas veronii biovar sobria, Ch 1 
(esculin negative); Right: negative control 
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4.2. STUDIES ON PATHOGENCITY AND VIRULENCE OF THE ISOLATED 

BACTERIA 

4.2.1. Pathogenicity test of the isolated bacteria 

Of the twenty bacterial isolates, nineteen were found to be pathogenic (95%) after 

intramuscular administration of these isolates to the healthy Channa punctatus fish (Table 

7). One isolate (Aeromonas sp. isolated from C. striata, Ch2) could not induce any ulcer at 

the site of injection in healthy fish. Methodology for inoculation of bacteria in healthy fish 

is discussed in details under materials and methods. 

Moderate to severe ulcers were found at the injection site. Initially red patches appeared at 

the site of injection, it swelled gradually and after 72 hrs, the skin and underlying muscle 

layer eroded and it developed into ulcer (Fig 13, 14 and 15). 

Table 7. Pathogenic and non pathogenic bacteria isolated from EUS affected fish 

Bacteria No. of isolates Pathogenic Non- Pathogenic 

Aeromonas hydrophila 17 17 0 

Aeromonas caviae 1 1 0 

Aeromonas veronii biovar sobria 1 1 0 

Aeromonas sp. 1 0 1 
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Fig. 13. C. punctatws showing manifestation of ulcer after 24 hrs of intramuscular injection with 

the culture of A. hydrophila, M6 

Fig. 14. C. punctatus showing manifestation of ulcer after 48 hrs of intramuscular injection with A. 

hydrophi/a, Ct5 

Fig. 15. C. punctatus showing manifestation of ulcer after 96 hrs of intramuscular injection with A. 

hydrophila, P2. 
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4.2.2. Characterization of isolated bacteria based on some virulence factors 

Bacteria exhibit pathogenic effect due to the action of some extra cellular toxins I lytic 

enzymes which may easily be detected in the growth medium of bacteria in presence of 

some selective ingredients. All the bacterial isolates were examined for 

Fig. 16. Starch hydrolysis 

Left: Ml and right: P2 (amylase positive) 

Fig. 18. Haemolysin production 

Left: Ct3 and right: P5 (haemolysin positive) 

Fig. 17. Casein hydro lysis 

Left: Ch2 ( caseinase negative) 

Right: M5 ( caseinase positive) 

Fig.19. Lipid hydrolysis 

Left: M2 and right P3 (Lipase positive) 

the presence of such extra cellular virulence factors like caseinase, amylase, haemolysin 

lipase, gelatinase and lecithinase (Fig. 16-19). Of the twenty bacterial isolates, nineteen 

were found to be positive to all those biochemical tests associated with the extra cellular 
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virulence factors and one bacterium, Ch2 ( Aeromonas sp.from C. striatra) was found to be 

negative for all the virulence factors tested (Table 8 ). 

Table 8. Presence of extra cellular virulence factors in the bacteria isolated from EUS affected 
fishes 

Caseinase amylase haemolysin Lipase gelatinase lecithinase 

Bacteria isolated 
from C. mrigala 
M6 + + + + + + 
M7 + + + + + + 
M8 + + + + + + 
M9 + + + + + + 
MlO + + + + + + 

Bacteria isolated 
from C. cat/a 
Ctl + + + + + + 
Ct2 + + + + + + 
Ct3 + + + + + + 
Ct4 + + + + + + 
Ct5 + + + + + + 

Bacteria isolated 
from C. striata 
Chl + + + + + + 
Ch2 
Ch3 + + + + + + 
Ch4 + + + + + + 
Ch5 + + + + + + 

Bacteria isolated 
from Puntius sp. 
Pl + + + + + + 
P2 + + + + + + 
P3 + + + + + + 
P4 + + + + + + 
P5 + + + + + + 
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4.2.3. Cytotoxic effect of bacterial isolates on head kidney cells of healthy fish 

In vitro cell death of head kidney cells collected from healthy fish was assayed by using 

cell free culture filtrates (containing 0.75-1.37 J.tg/mL of total protein) of all the twenty 

bacteria isolated from diseased fish. The methodology followed in the cytotoxicity assay 

was discussed in details in the materials and methods. 

The Fig. 20 showed the percentage of head kidney cell death of healthy fish by cell free 

culture filtrates of bacteria isolated from EUS affected fish C. mrigala. Crude (1) culture 

filtrates of all the five bacterial isolates showed more than 50% cell death. The 112 dilution 

of culture filtrates taken from bacteria M9, M7 and M8 showed more than 50 % cell death 

while 114 dilution of culture filtrates in bacteria M6 and MS showed more than 50% cell 

death in compared to the 10.3% cell death in control. 
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SQ ., 

cell death 40 
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f •1 
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• 1/4 Bacteria isolates from C. mrigala 

Fig.20. Percentage of cell death by cell free culture filtrates of bacteria isolated from EUS affected 

fish C. mrigala 
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The Fig. 21 presented the percentage of cell death of cells collected from head kidney 

of healthy fish by cell free culture filtrates of bacteria isolated from EUS affected fish 

C. cat/a. Crude (1) culture filtrates of all the five bacteria showed 80-100% cell death. 

The 1/2 dilution of culture filtrates taken from bacteria Ct1, Ct2 and Ct3 showed 55-62 

% cell death while 114 dilution of culture filtrates in bacteria Ctl and Ct4 caused 83% 

and 77.4% cell death respectively in compared to the 11% cell death in control. 
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Fig. 21. Percentage of cell death by cell free culture filtrates of bacteria isolated from EUS 

affected fish C. cat/a 

The Fig. 22 presented the percentage of cell death by cell free culture filtrates of 

bacteria isolated from EUS affected fish C. striata. Crude (1) culture filtrate of 

bacterial isolates Chl, Ch3, Ch4 and Ch5 showed 79-100% cell death. These three 

bacteria showed 75-.86% cell death when the 1/2 dilution of culture filtrate was 

administered. The serial dilution 1, 112 and 114 of culture filtrate of bacteria Ch2 

showed 24.9%, 19% ana 11% cell death respectively in compared to the 12% cell death 

in control. 
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Fig. 22. Percentage of cell death by cell free culture filtrates of bacteria isolated from BUS 

affected fish C. striata 
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Fig. 23. Percentage of cell death by cell free culture filtrates of bacteria isolated from BUS affected 

fish Puntius sp. 

The Fig. 23 showed the percentage of cell death by cell free culture filtrates of bacteria 
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isolated from EUS infected Puntius sp. Crude (1) culture filtrate isolated from all the five 

bacteria showed 77.9-89% cell death while 1/2 dilution of bacteria Pl, P2, P3 and P5 

showed 51-56% cell death in compared to 9.2% cell death in control. 

4.3. STUDIES ON IN VITRO ANTIBIOTIC SUSCEPTIBILITY TEST OF THE 

ISOLA TED BACTERIA BY DISC DIFFUSION 

The antimicrobial susceptibility of all bacteria isolated from the ulcers ofEUS affected fish 

were measured by drug disc diffusion method in Muller Hinton agar plates as described in 

details in section 3.8 of materials and methods. The drug sensitivity profile and antibiotic 

resistance patterns of bacteria isolated from diseased fish C. mrigala, C. cat/a, C. striata 

and Puntius sp. are showed in Table 9 and 10. All the twenty bacterial isolates (100%) 

were found to be resistant to ampicillin (Fig. 2S and 24). Erythromycin and novobiocin 

resistance were found to among nineteen isolates (95% ). The bacterial isolates M9 and 

MlO were found to exhibit intermediate susceptibility to novobiocin and erythromycin 

respectively (Table 9). Seventeen (85%) bacterial isolates showed resistance to 

sulphadiazine whereas twelve ( 60%) isolates were found to be resistant to rifampicin (Fig. 

26). Kanamycin resistance was showed by five (20%) of the twenty isolates while three 

isolates Ctl, PI and P5 (15%) were resistant to chloramphenicol. Tetracycline resistance 

was showed by two isolates Ctl and Ch2 (10%). The bacterial isolate Chl (5%) was found 

to be resistant to streptomycin only while nalidixic acid resistance was only showed by 

isolate Ch3 (5%). 
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Table 9. Antibiotic susceptibility of the bacteria isolated from EUS affected fish. 

Bacterial 
Isolates 

M6 

M7 

M8 

M9 

MlO 

Ctl 

Ct2 

Ct3 

Ct4 

Ct5 

Chi 

Ch2 

Ch3 

Ch4 

Ch5 

PI 

P2 

P3 

P4 

P5 

Am E T 

R R I 

R R I 

R R I 

R R I 

R I s 
R R R 

R R s 
R R s 
R R s 
R R s 
R R I 

R R R 

R R I 

R R s 
R R s 
R R s 
R R I 

R R s 
R R s 
R R I 

Antibiotics tested 

Cm Gm Km Nv Sm Na 

I s s R s s 
s I R R s s 
I s I R s I 

s s R I s s 
s I s R s s 
R s s R s s 
s R I R s s 
s I R R s I 

s s s R s s 
s I s R I s 
s I I R R s 
s s s R s s 
I s s R s R 

s s s R s s 
s s s R s s 
R s R R s I 

s R s R s s 
s s s R s s 
s s R R s s 
R R I R s s 

Sz Ri 

R R 

I R 

R R 

I I 

R I 

R R 

R R 

R R 

R R 

R I 

R I 

I I 

R R 

R I 

R R 

R R 

R R 

R R 

R I 

R I 

Am, ampicillin; E, erythromycin; T, tetracycline; Cm, chloramphenicol; Gm, gentamycin; Km, 

kanamycin; Nv, novobiocin;, Sm, streptomycin, Na, nalidixic acid; Sz, sulphadiazine; Ri, 

rifampicin; R, resistant; l, intermediate; S, sensitive. 
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Fig. 24. Antimicrobial sensitivity test of A. hydrophila (MlO) showing resistance to ampicillin 

(Am), and sensitivity to chloramphenicol (Cm), kanamycin (Km), streptomycin (Sm) 

Fig. 25. Antimicrobial sensitivity test of A. hydrophila (P3) showing resistance to ampicillin (Am), 

sensitivity to gentamycin (Gm), tetracycline (T) and streptomycin (Sm) 

Fig.26. Antimicrobial sensitivity test of A. hydrophila (Ct4) showing resistance to novobiocin 

(Nv), rifampicin (Ri), sensitivity to nalidixic acid (Na), tetracycline (T) 
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Table 10. Antibiotic resistance patterns ofbacteria isolated from EUS affected fish. 

Bacterial isolates 

A. caviae (Ml 0) 

A. hydrophila (M9) 

Aeromonas sp. (Cb2) 

A. hydrophila (Ct5) 

A. hydrophila (Ch4) 

A. veronii biovar sobria (Chi) 

A. hydrophila (Ch5) 

A. hydrophila (Ct4) 

A. hydrophila (M6) 

A. hydrophila (M8) 

A. hydrophila (P3) 

A. hydrophila (P4) 

A. hydrophi/a (Ch3) 

A. hydrophila (Ct2) 

A. hydrophila (Ct3) 

A. hydrophila (P2) 

A. hydrophila (M7) 

A. hydrophila (P5) 

A. hydrophila (Ctl) 

A. hydro phi/a (P 1) 

Resistance markers 

Am, Nv, Sz 

Am,E,Km 

Am, E, Nv, T 

Am, E,Nv, Sz 

Am, E, Nv, Sz 

Am, E, Nv, Sm, 

Am, E, Nv, Sz, Ri 

Am, E, Nv, Sz, Ri 

Am, E, Nv, Sz, Ri 

Am, E, Nv, Sz, Ri 

Am, E, Nv, Sz, Ri 

Am, E, Nv, Sz, Km 

Am, E, Nv, Sz, Na, Ri 

Am, E, Nv, Sz, Gm, Ri 

Am, E, Nv, Sz, Km, Ri 

Am, E, Nv, Sz, Gm, Ri 

Am, E, Nv, Sz, Km, Ri 

Am, E, Nv, Sz, Cm, Gm 

Am, E, Nv, Sz, Cm, T, Ri 

Am, E, Nv, Sz, Cm, Km, Ri 

Am, ampicillin; E, erythromycin; T, tetracycline; Cm, chloramphenicol; Gm, gentamycin; Km, 

kanamycin; Nv, novobiocin; Sm, streptomycin, Na, nalidixic acid; Sz, sulphadiazine; Ri, 

rifampicin 
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4.4. EXTRACTION OF BACTERIAL GENOMIC DNA AND PLASMIDS OF 

BACTERIA ISOLATED FROM EUS AFFECTED FISH 

Bacterial DNA was extracted from all the bacteria isolated from EUS affected fish and 

were visualized on UV transilluminator (Spectroline, Germany). The detailed procedure of 

extraction and detection of bacterial DNA was discussed in the materials and methods. 

Plasmids were extracted from all the bacterial isolates obtained from affected fish and 

analysis of plasmid profiles showed that all isolates contained plasmids, ranging in sizes 

from 2.0 to 63 kilobase pair (kb ), with a 23 kb plasmid in common ( Table 13 ). All the 

bacterial isolates from C. mrigala harbored a 23 kb plasmid (Fig 27). Among the isolates 

of C. cat/a, Ctl and Ct3 harbored 64 kb and 23 kb plasmids and Ct2, Ct4 and Ct5 carried 

56 kb and 23 kb plasmids (Fig 28). Among the isolates of C. striata, Ch3 bacteria had 

three plasmids measuring 63 kb, 23 kb and 2.6 kb in length. Chi contained two plasmids 

of 23 kb and 2 kb and Ch2, Ch4 and Ch5 had a single plasmid of 23 kb (Fig 29). All the 

isolates from Puntius sp. harboured a single plasmid of23 kb (Fig 30). 

Table 11. Pathogenicity and plasmids of bacteria isolated from EUS affected fish 

Bacteria Pathogenic 

Aeromonas hydrohila 

Aeromonas caviae 

Aeromonas veronii biovar sobria 

Aeromonas sp. 

17 

1 

1 

0 

Non- Pathogenic 

0 

0 

0 

1 

Plasmids 

+ 

+ 

+ 

+ 
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Lane 1234567 12 34567 

Fig. 27. Fig. 28. 

Lane 2 3 4 5 6 

Fig. 29. Fig. 30. 

Fig. 27. Plasmid profiles in the bacteria isolated from EUS affected C. mrigala 
Lane I and 7: DNA hind III digest, 2: M6, 3: M7, 4: M8, 5: M9, 6: MIO 

Fig. 28. Plasmid profiles in the bacteria isolated from EUS affected C. cat/a 
Lane 1: Supermix DNA ladder, 2: Ct1, 3: Ct2, 4: Ct3, 5: Ct4, 6: Ct5, 7: DNA 
hind III digest. 

Fig. 29. Plasmid profiles in the bacteria isolated from EUS affected C. striata. 
Lane I: Ch2, 2: Ch3, 3: Ch 1, 4: Ch4, 5: Ch5, 6: DNA hind III digest 

Fig. 30. Plasmid profiles in the bacteria isolated from EUS affected Puntius sp. 
Lane I and 7: DNA hind III digest, 2: PI, 3: P2, 4: P3, 5: P4, 6: P5 
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4.5. TRANSFER OF PLASMIDS TO THE RECIPIENT DHSa STRAIN 

THROUGH TRANSFORMATION 

Plasmids from the isolated bacteria were transferred to the nalidixic acid resistant E. coli 

DH5a. strain through bacterial transformation. The methodology for bacterial 

transformation was discussed in details in the materials and methods. 

Of the twenty bacterial isolates, plasmids from sixteen were successfully transferred to E. 

coli DH5a. strains with the transfer of antibiotic resistance determinants through bacterial 

transformation. Ampicillin (Am) erythromycin (E) and chloramphenicol (Cm) antibiotic 

resistance determinants in all the sixteen bacterial isolates were found to be transferable to 

DH5a. recipient with the transfer of plasmids. Plasmids from four bacterial isolates (M7, 

Ctl, Ch3 and P2) could not be transferred to recipient E. coli DH5a. strain in the 

transformation experiments (Table 12). 

4.6. TRANSFER OF PLASMIDS TO THE RECIPIENT DH5a STRAIN 

THROUGH CONJUGATION 

Of the twenty bacterial isolates, plasmids from thirteen were transferred to the nalidixic 

acid resistant E. coli DH5a. strain through broth conjugation. The detailed procedure of 

broth conjugation was mentioned in the materials and methods. 

Ampicillin (Am) erythromycin (E) and chloramphenicol (Cm) antibiotic resistance 

determinants in all the thirteen bacterial isolates were found to be transferable to DH5a. 

recipient with the transfer ofplasmids (Table 13). Frequencies of conjugal transfer ranging 

from 1. 9 x 1 0-6 to 4.2 x 10-5 transconj ugants per recipient cell were detected in the mating 

mixture. Donor isolates and transconjugants showed same plasmid bands (Fig. 31 ). 

Plasmids from six bacterial isolates (M6, Ml 0, Ct2, Ch4, Ch5 and P3) could not be 

transferred to the recipient strains in the mating mixture and the bacterial isolate, Ch3 

could not take part in the conjugation experiment as because it was resistant to nalidixic 

acid. 
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Table 12. Antimicrobial resistances and plasmid profiles in different Aeromonas isolates collected 
from EUS affected fish and E. coli DHSa transformants 

Aeromonas isolates Transformants 

Isolate antibiotic plasmid antibiotic plasmid 
resistance* sizes (kb) resistance* sizes (kb) 

M6 Am, E, Sz, Nv, Ri 23 Am,E 23 

M7 Am, E, Sz, Nv, Ri, Km, 23 tND 

M8 Am, E, Sz, Nv, Ri 23. Am,E 23 

M9 Am.E,Km 23 Am,E 23 

MIO Am, Sz,Nv 23 Am, 23 

Ctl Am, E, T, Cm, Sz,Nv, Ri 64,23 ND 

Ct2 Am, E, Gm, Sz, Nv, Ri 56,23 Am,E 56,23 

Ct3 Am, E, Km, Sz, Nv, Ri 64,23 Am,E 64, 23, 

Ct4 Am, E, Sz, Nv, Ri 56,23 Am,E 23 

Ct5 Am, E, Sz, Nv, 56,23 Am,E 56,23 

Chi Am, E, Nv,Sz, Sm 23,2 Am,E 23,2 

Ch2 Am, E, Nv, T 23 Am,E 23 

Ch3 Am, E, Nv, Sz, Na, Ri 64, 23, 2.6 ND 

Ch4 Am, E, Nv, Sz 23 Am,E 23 

Ch5 Am, E, Nv, Sz,Ri 23 Am,E 23 

PI Am, E, Cm, Km, Sz, Nv, 23 Am,E,Cm 23 

P2 Am, E, Gm, Sz, Nv, Ri 23 ND 23 

P3 Am, E, Sz, Nv, Ri 23 Am,E 23 

P4 Am, E, Km, Sz, Nv, 23 Am,E 23 

P5 Am, E, Cm, Gm, Sz, Nv, 23 Am,E,Cm 23 

*Ampicillin (Am), Erythromycin (E), Tetracycline (T), Chloramphenicol (Cm), Gentamycin (Gm), 

Kanamycin (Km), Novobiocin (Nv), Rifampicin (Ri), Streptomycin (Sm), Nalidixic acid (Na), 

Sulphadiazine (Sz) 

t ND, not detected 
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Table 13. Antimicrobial resistances and plasmid profiles in different Aeromonas isolated from EUS affected fish and E. coli DH5a. transconjugants 
detected in broth conjugation 

Aeromonas isolates 

Isolate antibiotic resistance* plasmid sizes (kb) 

M6 Am, E, Sz, Nv, Ri 23 
M7 Am, E, Sz, Nv, Ri, Km 23. 
M8 Am, E, Sz, Nv, Ri 23. 
M9 Am.Em,Km 23 
MlO Am, Sz, Nv 23 
Ctl Am, E, T, Cm, Sz,Nv, Ri 64,23 
Ct2 Am, E, Gm, Sz, Nv, Ri 56,23 
Ct3 Am, E, Km, Sz, Nv, Ri 64,23 
Ct4 Am, E, Sz, Nv, Ri 56,23 
Ct5 Am, E, Sz, Nv, 56,23 
Chl Am, E, Nv, Sz, Sm, 23,2 
Ch2 Am,E,Nv, T 23 
Ch3 Am, E, Nv, Sz, Na, Ri 64, 23, 2.6 
Cb4 Am,E, Nv, Sz 23 
Ch5 Am, E, Nv, Sz, Ri 23 
PI Am, E, Cm, Km, Sz, Nv, Ri 23 
P2 Am, E, Gm, Sz, Nv, Ri 23 
P3 Am, E, Sz, Nv, Ri 23 
P4 Am, E, Km, Sz, Nv, 23 
P5 Am, E, Cm, Gm, Sz, Nv, 23 

antibiotic resistance 

NOt 
Am,E 
Am,E 
Am,E 
NO 
Am,E,Cm 
NO 
Am,E 
Am,E 
Am,E 
Am,E 
Am,E 
NO 
NO 
NO 
Am,E,Cm 
Am,E 
NO 
Am,E 
Am,E,Cm 

Transconjugants 

transfer frequencyt 

6.6 X 10'6 

3.4 X 10·6 

2.4 X 10'6 

3.2 X 10"5 

1.8 x 10"5 

1.6 X 10"5 

4.1 X 10"6 

1.9 x to-6 

3.8 X 10"5 

7.0 X 10'6 

6.0 X 10"6 

5.6 X 10·6 

4.2 X 10'5 

plasmid sizes (kb) 

23 
23 
23 

64,23 

64,23 
56,23 
56,23 
23,2 
23 

23 
23 

23 
23 

*Ampicillin (Am), Erythromycin (E), Tetracycline (T), Chloramphenicol (Cm), Gentamycin (Gm), Kanamycin (Km), Novobiocin (Nv), Rifampicin (Ri), 

Streptomycin (Sm), Nalidixic acid (Na), Sulphadiazine (Sz) 

t NO, not detected 

~Average frequencies (number oftransconjugants per recipient) 



kb 2 3 4 5 6 7 8 9 1 0 11 

23 I 

94 

6.1 

Fig. 31. Transfer ofR-plasmid from different Aeromonas strains toE coli DHSa. 

Lane I: reference plasmids of known molecular sizes (kb); lane 2: isolate Ct4; lane 3: E coli DHSa. 

transconjugant after mating with donor isolate Ct4: lane 4: isolate M2; lane 5: E coli transconjugant 

involving donor isolate M2; lane 6: isolate M4; Lane 7: E coli transconjugant involving donor 

isolate M4; Lane 8: Pl; lane 9: E coli transconjugant involving donor isolate Pl ;lane 10: isolate PS; 

lane 11: E coli transconjugant involving donor isolate PS. 

4.7. DETECTION OF CYTOLYTIC ENTEROTIXIN AND AEROL YSIN GENES 

IN BACTERIAL DNA AND PLASMIDS BY PCR 

Detection of both cytolytic enterotixin and aero lysin genes in bacterial DNA as well as in 

plasmids was carried out by amplification of DNA by using combination of primers 

described in details in the materials and methods. Among the bacterial isolates, 95% (19 of 

20) bacteria were positive in the PCR test for cytolytic enterotoxin gene and the 

extracellular aerolysin gene using the bacterial DNA as a template (Fig. 32-34) and the 

amplicons length of the PCR product were 232 bp. DNA from one isolate (Aeromonas sp. 

isolated from C. striata, Ch2) did not show any positive test in PCR. 

All the isolates were tested negative in the PCR when the plasmids obtained from all the 

bacteria were used as template. 
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Lane 1 2 3 1 2 

Fig. 32. Fig. 33 

Lane 1 2 3 4 

Fig. 34. 

Fig. 32-34. PCR amplification of toxin gene from the DNA of different Aeromonas 
Isolates obtained from the ulcers of the EUS affected fish 

Fig. 32. Lane 1: negative control, 2: M 7, 3: 500 bp marker. 

Fig. 33. Lane 1: CbS, 2: 500 bp marker 

Fig. 34. Lane 1: MlO, 2: P4, 3: PS, 4: 500 bp marker. 
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Fish have long been an automatic and rich source of nutrients and growth accelerating 

ingredients from the onset of human civilization. But their survivability has largely been 

affected by innumerable diseases caused by pathogens of diverse origin. A wide range of 

pathogenic bacteria have so far been recovered from fish suffering from various ailments 

and among them, different strains of Aeromonas are quite common. Although many strains 

of Aeromonas are regarded as opportunistic pathogens, others are clearly treated as 

primary pathogens on their own right. Aeromonas bacteria are known to cause several fish 

diseases including red spot disease of European eel, Anguilla anguilla (Schaperclaus, 

1934), exopthalamus and subcutaneous ulceration of cultured ayu, Plecoglossus altivelis 

(Jo and Onishi, 1980), tail rot, fin rot and haemorrahagic septicemias (Miyazaki and Kaige, 

1985), brown patch diseases of Tilapia (Okpokwasili and Okpokwasili, 1994) and dropsy 

(Edun, 2007). Representatives of Aeromonas sp. have been isolated most frequently from 

ulcers and various internal organs of EUS affected fish in different regions of EUS 

outbreak. Reinoculation studies in healthy fish suggest that Aeromonas bacteria must have 

a crucial role in the fish mortalities caused by EUS (Pal and Pradhan, 1990; Chattopadhyay 

et al., 1990; Karunsagar et al., 1995; Yambot 1998; Chandrakanthi et al., 2000; Rahaman 

et al., 2002). 

In the present study, twenty bacterial isolates were collected from the ulcers of four 

different EUS affected fish using Aeromonas isolation medium supplemented with 

Aeromonas selective supplement (HiMedia Laboratories, Mumbai, India) by pour plate 

method. The morphological features and biochemical profiles of these isolates 

suggested that they were motile, non-spore forming, glucose fermenting, Gram-negative 

bacilli. They were straight rods, grown in agar with 0% but not in 6% NaCl and reduced 

nitrate to nitrite (Tables 3, 4, 5 and 6). Thus, they all belonged to the genus Aeromonas 

(Popoff, 1984). Ofthe twenty Aeromonas isolates, seventeen (M6, M7, M8, M9, Ct1, Ct2, 

Ct3, Ct4, Ct5, Ch3, Ch4, Ch5, PI, P2, P3, P4 and PS) of them were positive to esculin 

hydrolysis test, sensitive to antibiotic cephalothin, produced gas from glucose and acid 

from arabinose (Carnanhan et al., 1991 ). These bacteria were positive to lysine 

decarboxylase and arginine dehydrolase test but negative to ornithine decarboxylase test, 

produced acid from mannitol and sucrose and gave a positive to VP test (Abbott et al., 

1992).Thus, these bacteria were regarded as Aeromonas hydrophila. The isolate Chl was 
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negative to esculin hydrolysis test, positive to indole test, produced acid from sucrose and 

gave a positive VP test (Carnanhan et a/., 1991 ). It was tested positive to arginine 

dihydrolase, lysine decarboxylase and negative to ornithine decarboxylase, produced acid 

from arabinose and mannitol (Abbott et al., 1992). Therefore, it belonged to Aeromonas 

veronii biovar sobria The isolate M1 0 was tested positive to esculin hydrolysis but could 

not produce gas from glucose (Carnanhan et al., 1991 ). It was tested positive to arginine 

dihydrolase, negative to lysine decarboxylase and ornithine decarboxylase, gave a negative 

VP test and produced acid from arabinose, mannitol and sucrose (Abbott et al., 1992). 

Thus it was identified as Aeromonas caviae. The isolate Ch2 could not follow the 

identification schemes mentioned in the materials and methods and therefore, it was only 

stated as Aeromonas sp. A further detailed study is awaited in order to decide its 

taxonomic status and nomenclature. 

All the bacterial isolates were examined for their ability to induce ulcers when 

administered intramuscularly to healthy Channa punctatus fish. It was observed that all 

isolates apart from Ch2 (Aeromonas sp. from C. striata) showed manifestation of EUS like 

lesions at the site of injection of healthy fish within 24-72 hrs (Fig. 13, 14 and 15). 

Aeromonas bacteria were reported to induce EUS like lesions when injected 

intramuscularly to healthy snake head ( Ophiocephalus striatus) and walking catfish 

( Clarias batrachus) using the bacterial suspension of 106 c.f.ulmL (Lio-Po et al., 1992; 

Leano et a/.,1995). Saha and Pal (2000) suggested that Aeromonas and Pseudomonas 

bacteria could induce ulcer when 0.5 mL of each bacterial cell suspension was injected 

intramuscularly to healthy C. puntatus fish per 1 00 g of fish body weight containing 1 x 

10
7 

bacterial cells/mL. Chandrakanthi et al. (2000) showed that A. hydrophila suspension 

manifested ulcers in healthy EUS susceptible Etroplus suratensis fish when 0.05 mL of 

bacterial culture (5 x 106 c.f.ulmL ) was injected intramuscularly per 19-27 g of fish body 

weight. In the present study, a volume of0.5 mL ofbacterial suspension containing 1 x 107 

c.f.ulmL per 100 g of fish body was injected to healthy C. puntatus fish to induce ulcers and it 

was in agreement with the findings of earlier investigations. 

Aeromonas bacteria were reported to secrete a wide range of biologically active 

extracellular products (ECP), such as glycophospholipid cholesterol acyltransferase 

(GCAT) (Buckley et al., 1982), haemolysin (Asao et al., 1984), pore forming areolysin 
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(Howard et al., 1986), cytolytic enterotoxin (Chopra et al, 1993), amylase (Chang et al., 

1993) lipase (Pemberton et al., 1997), several proteases (Coleman, 1992; Pemberton et al., 

1997) and cytotonic enterotoxin (Chopra, 2006). These virulence factors are useful to 

distinguish between potentially pathogenic and non-pathogenic strains of Aeromonas 

bacteria (Zhang et al., 2000), though further evidences are required to establish the exact 

correlation between extracellular enzymes and virulence of fish pathogenic Aeromonas 

bacteria. The primary function of aerolysin or other enterotoxins is likely to kill target 

cells, whereas other proteins are enzymes whose main purposes are perhaps to produce 

utilizable nutrients from the host macromolecules (Howard et al., 1996). In order to 

ascertain the correlation between pathogenicity and the role of extracellular products 

released by different species of Aeromonas, a number of biochemical tests (section 4.2.2) 

were conducted in the present investigation. It was observed that out of twenty isolates, 

nineteen were found to exhibit extracellular amylolytic, proteolytic, haemolytic and 

lipolytic activities. Only one isolate (Ch2, Aeromonas sp. from C. striata), which was non 

pathogenic to healthy fish could not show any lytic activities (Table 8). Karunsagar et al. 

( 1995) suggested that most of the Aeromonas bacteria isolated from internal organs of EUS 

affected fish produced haemolysin and all of them were able to hydrolyse gelatin. Saha 

(1998) investigated the involvement of virulence factors in two pathogenic fluroscent 

pseudomonads and one aeromonad isolated from the ulcers of EUS affected fish and found 

that all of them were able to secrete extracellular lytic enzymes such as, protease, lipase, 

gelatinase and haemolysin. Presence of extracellular haemolysin and lipase in A. 

hydriphila isolated from Ulcerative Disease Syndrome affected fish was also detected by 

Majumdar et al. (2006). 

From the study of extracellular products of bacteria isolated from different EUS affected 

fish, it is clear that the Aeromonas bacteria secrete a variety of extracellular lytic enzymes 

which may have crucial roles in manifestation of the signs of the ulcerative disease offish. 

Toxins produced by Aeromonas bacterial strain are reported to have cytotoxic and 

enterotoxic activities. Aerolysin, a toxin molecule obtained from a fish isolate of A. 

hydrophila, can penetrate the lipid bilayers of cell membranes of eukaryotic cells (Howard 

and Buckley, 1982) and manifest haemolytic and cytotoxic activities (Janda et al., 1985; 

Chakraborty et al., 1987). Chopra et al., (1993) have isolated a cytolytic enterotoxin from 
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A. hydrophila which can destroy rabbit blood cells and lyse Chinease hamster ovary cells. 

In the present investigation, cytotoxic effect on head kidney cells obtained from healthy 

fish was conducted by serial double dilution of cell free cultures of bacteria isolated from 

the EUS affected fish (section 4.2.3). It was observed that out of twenty bacteria crude 

culture filtrates from nineteen isolates showed more than 50% in vitro cell death whereas 

1/2 dilution of fourteen bacterial filtrates caused more than 50% cell death. Culture filtrates 

having 1/4th dilution from nine isolates showed more than 50% cell death. Crude culture 

filtrate from non pathogenic isolate Ch2 showed only 24.9% cell death in compared to the 

12% cell death in control. It was clear from the above experiment that the higher doses of 

culture filtrates had more lytic effect on the in vitro fish cell culture whereas the culture 

filtrates from non pathogenic bacteria Ch2, could not have any significant affect on head 

kidney cells. 

Plasmids are self replicating extra chromosomal DNA varying in sizes from 1 to more than 

200 kb and mainly encode proteins for antimicrobial resistance, toxin, adhesion, metabolic 

enzyme and bacteriocin (Mayer, 1988). Studies by different workers reported the presence 

of plasmids in different motile and non-motile Aeromonas bacteria with sizes ranging from 

2 to 150 kb (Schmidt et al., 2001; Nawaz et al., 2006) which confer antibiotic resistance 

(Son et al., 1997) and play a role in virulence (Mazumdar et a/., 2006). In the present 

investigation, plasmid profiles of all the bacterial isolates from EUS affected fish were 

examined and analysis of plasmid profiles revealed that all isolates contained plasmids, 

ranging in sizes from 2.0 to 63 kb, with a 23 kb plasmid in common (Table 13). 

It was observed that the use of antibiotics is an effective and easy method to prevent 

Aeromonas infections in aquaculture. Several workers reported and recommended the 

application of antibiotics for the treatment of EUS affected fish (Jhingran, 1990; Pradhan 

and Pal, 1993; Das 1997; Saha and Pal, 2002). Jhigran (1990) observed total recovery of 

EUS after using nalidixic acid and erythromycin at the rate of 50 mg per kg fish body 

weight per day in a formulated micro capsulated feed containing 30% protein and fortified 

with vitamin A and C together with chloramphenicol bath at the rate of 15 ppm. Pradhan 

and Pal (1993) studied the antibiotic susceptibility of bacteria isolated from EUS infected 

fish and suggested that bactrim and streptomycin could be effective in controlling the 

disease. Das (1997) reported that either erythromycin or oxytetracycline at 60 to 100 mg 
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per kg of feed for 7 days could cure the ulcers of EUS affected fish. Saba and Pal (2002) 

recommended that the oxytetracycline could be useful to treat the EUS affected fish. 

Other Aeromonas hydrophila infections like "Motile Aeromonas Septicemia" (MAS) or 

"Hemorrhagic Septicemia" could be treated by the application of antibiotics Terramycin®, 

an oxyteracyline using 2.5-3.5 g/100 lb offish per day for 10 days in feed and Remet-30®, 

a potentiated sulfonamide using 50 mg/kg of fish per day for 5 days. ( CES, 1989). 

Several investigators have opined that excessive use of antibiotics and other 

chemotherapeutics in fish farm either directly or as dietary supplement have led to increase 

in a number of drug resistant bacteria (Huys et al., 2000; Miranda et al., 2003; Nawaz et 

al., 2006). Antibiotics used in the aquaculture remain in the bottom soil or sometimes wash 

away to distant places by water body and may exert selective pressure on microorganisms 

leading them to become resistant to antibiotics (Krush and Serum, 1994; Kim et al., 2004; 

Balban et al., 2004). Numerous studies indicate that the bacteria flora in the environment 

surrounding aquaculture sites contain an increased number of antibiotic resistant bacteria 

(Huys et al., 2000; Serum, 2000; Miranda and Zemelman, 2002) and these bacteria 

harbour new and previously uncharacterized plasmids encoding antibiotic resistant 

determinants ( Poirel et al., 2005; Sorum, 2006) These resistance plasmids or R-plasmids 

harbouring antibiotic resistance determinants can be transmitted to a wide range of 

bacterial species including bacteria pathogenic to human. (Krush and Serum, 1994; Serum, 

2006). 

In the present study, antibiotic sensitivity test of all the twenty bacterial isolates was 

carried out (section 4.3) and it was observed that all of them were resistant to ampicillin 

and majority of them were resistant to erythromycin, sulphadiazine, novobiocin and 

rifampicin (Table I 0). Aeromonas bacteria have been found to be resistant to ampicillin, 

sulphadiazine and novobiocin by several other workers (Torenzo et al., 1984; Thampuran 

et al., Son et al., 1997; Roy et al., 2003; Hatha et al., 2005), but they did not detect high 

resistance to erythromycin. Tetracycline was recommended as a therapeutic agent for the 

treatment of EUS by different authors (Das, 1997; Saba and Pal; 2002), but 10% of the 

bacteria isolated in the present investigation were resistant to tetracycline. 

Until now, several studies have reported the horizontal transfer of R plasmids coding 

multiple antibiotic resistances in fish pathogenic bacteria including Aeromonas (Toranzo et 
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a!., 1984; Son et a!., 1997) but very little information is available on plasmid profiles of 

fish pathogenic bacteria in India. In order to ascertain whether the antibiotic resistance 

determinant resides in the plasmid and whether these determinants are transferable with the 

transfer of plasmids, further experiments were carried out (Section 4.5 and 4.6). Plasmids 

in different sizes (63, 54, 23, 2.6 and 2 kb) were present in all isolated bacteria of which 

plasmids from sixteen isolates including non pathogenic bacteria (Ch2) were transferable 

through bacterial transformation (Table 12) and thirteen were transferable through broth 

conjugation (Table 13 ). This was associated with the transfer of ampicillin, erythromycin 

and chloramphenicol resistance determinants and these resistance markers were expressed 

in E. coli recipient strain. Transfer of ampicillin and erythromycin resistance determinants 

in motile Aeromonas has been reported by other workers (Chaudhury et al., 1996; Son et 

al., 1997) and their sizes varied from as low as 6.2 kb to > 150 kb. Erythromycin resistance 

was found in 95% of the isolated bacteria and among them, 68% were transferable through 

broth conjugation (Table 13). During the first outbreak of EUS in India and during 

subsequent recurrences, erythromycin was included in almost all prescribed formulations 

for treatment of affected fish (Jhingran, 1990; Das, 1997). This may in part be responsible 

for excessive erythromycin resistance (95%) in the present isolates. 

Schmidt et al. (200 1) reported the presence of transferable plasmids associated with both 

streptomycin and sulphadiazine resistance determinants. In contrast, although our isolates 

showed high resistance towards sulphadiazine (85%), the resistance determinant was not 

transmissible. The resistance factor may be encoded in the genomic DNA as also 

novobiocin, gentamycin, kanamycin and rifampicin. Toranzo et al. (1984) reported the 

horizontal transfer of an 80 kb plasmid associated with streptomycin resistance in 

Aeromonas while only one of our isolates (Table 9) was resistant to streptomycin which 

was not transmissible. 

A notable finding during the study was 15% resistance of the isolated strains to 

chloramphenicol, though chloramphenicol resistance is seldom observed in motile 

Aeromonas (Koehler and Ashdown, 1993; S0rum eta!., 2003). Earlier experiments from 

our laboratory (Pradhan and Pal, 1993; Saha and Pal, 2002) showed that all the bacterial 

strains isolated from EUS affected fish in this region were sensitive to chloramphenicol. 

According to a report by Jhingran (1990), chloramphenicol ( 15ppm) was found to be 
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effective in treating EUS affected fish. Although direct use of chloramphenicol in fish 

farms for treating EUS is not recorded, resistance to this antibiotic is increasingly being 

detected (Vivekanandhan et al., 2002; Hatha et al., 2005) which suggests that farmers may 

have used it for such treatment. The recent detection of chloramphenicol residues in 

aquaculture products from India has raised great concern globally leading to a ban on the 

fish products from some Indian suppliers (Hatha et a!., 2005). Thus, there is a strong 

probability of the widespread use of this antibiotic in aquaculture. 

In the present study, mating experiments was carried out at 25°C, since the highest 

frequencies of gene transfer were earlier reported within 20 to 25°C, which is quite normal 

in the tropical aquatic systems (Altherr and Kasweck, 1982; Son eta!., 1997). A frequency 

range in between 1.9 X 1 o-6 tO 4.2 X 1 o-S WaS found in the present experiment WhiCh may 

occur in natural system (Table 13). Other authors reported transfer of antibiotic resistance 

determinants in Aeromonas at frequencies that ranged from as low as 1.0 x 1 o-7 (Toranzo et 

al., 1984) to as high as 4.3 x 10-3 (Son et al., 1997). In this study, although a 23 kb plasmid 

was present in all isolates; it was not conjugable from seven strains. This might have been 

successfully transferred if the conditions of mating or mating procedures were different 

(Altherr and Kasweck, 1982; Son et al., 1997; S0rum eta!., 2003). 

It has been reported that a single high molecular weight plasmid can be responsible for 

multiple drug resistance in different species of Aeromonas (Roy et al., 2003; Sorum et al., 

2003). Therefore, isolation of 23 kb plasmid from all the bacterial isolates from different 

EUS affected fish and its horizontal transfer to E. col DH5a strains in every successful 

single step conjugation indicated that it was likely to be a stable plasmid and conferred 

resistance to different Aeromonas isolates. 

A significant number of virulence genes have been described among Aero monas bacteria, 

including genes for aerolysin (Pollard et al., 1990), haemolysin (Hirono et al., 1992), 

cytolytic enterotoxin (Chopra et al., 1993), protease and haemagglutinin (Thomley et a!., 

1997). The product of the aero lysin gene secreted by some strains of A. hydrophila, makes 

an attachment with the eukaryotic host cells and aggregates to form hexamers that 

penetrate the lipid bilayer of cell membranes, resulting the formation of 3-nm channels 

(Howard and Buckley, 1982). The toxin molecule is activated outside the bacterial cell by 

the removal of 25 amino acid residues from the carboxy terminus (Howard and Buckley, 
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1985) and consists of a single polypeptide chain that is synthesized as a 54 k:Da prepotoxin 

with a putative signal peptide at its amino terminus (Chakraborty et al., 1986; Howard and 

Buckley, 1986).The aerolysin has been reported to be lethal to mice and have haemolytic 

and cytotoxic activities ( Chakraborty et a!., 1987). The product of the cytolytic enterotoxin 

gene can lyse rabbit red blood cells and destroy Chinease hamster ovary cells, cause fluid 

secretion in rat ileal loops, and are lethal to mice when administered intravenously (Chopra 

et al., 1993). Kingobe et al. (1999) developed a PCR method that detected both cytolytic 

enterotoxin and aerolysin genes simultaneously in Aeromonas sp. by using one pair of 

primers. Rahaman et al. (2002) substantiated the presence of cytolytic enterotoxin and 

aerolysin genes in Aeromonas veronii biovar sobria isolated form EUS affected fish in 

Bangladesh by using the PCR primer combination strategy of Kingobe et al. (1999). 

In the present study, the presence of cytolytic enterotoxin and aerolysin genes was 

investigated in the bacterial genome as well as in plasmids of aeromonads isolated from 

EUS affected fish by using the PCR method of Kingobe et al. (1999) (section 4.7). It has 

been reported that plasmids are found to be associated with the virulence factors in several 

motile and non motile strains of Aeromonas bacteria. Toranzo et a!. (1983) reported a 

plasmid-cured derivative of a wild-type A. hydrophila isolate showing a number of 

differences from the parental bacteria including gelatinase production and alterations in 

surface properties in addition to tetracycline resistance. Stuber et al. (2003) reported the 

presence of TTSS genes on a large thermolabile plasmid in A. salmonisida and at elevated 

temperatures the bacterial strains lost the plasmid in addition to the loss of its virulence 

potentials. Majumdar et al. (2006) cured a 21 kb plasmid from A. hydrophila isolated from 

a ulcerative disease syndrome (UDS) affected fish and failed to induce UDS in healthy 

Indian walking catfish, Clarias batrachus when administered the plasmid free cured strains 

intramuscularly. They suggested that the presence of 21 kb plasmid in the Aeromonas 

bacteria probably served as a virulence marker which could play an important role in the 

regulation of aeromonad UDS. 

Our present study revealed that bacterial genomic DNA obtained from nineteen isolates 

were positive to PCR test ( Fig. 32-34) and only bacterial genomic DNA from non 

pathogenic isolate Ch2 were negative to PCR test. Whereas all plasmids isolated from 

twenty Aeromonas bacteria were found to be negative to PCR test. Therefore, it can be 
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suggested from the above findings that both the cytolytic enterotoxin and aerolysin genes 

are located on the bacterial genomic DNA. 

The bacterial isolate Ch2 could not induce any ulcers in healthy fish and could not 

manifest extra cellular amylolytic, proteolytic, lipolytic and haemolytic activities like other 

pathogenic isolates (Table 7). The cell free culture of this isolate had no significant toxic 

effect on in vitro head kidney cells of healthy fish but it was found to carry plasmids like 

other pathogenic bacteria isolated in the present investigation (Table 11 ). This finding 

suggests that the presence of plasmids is not likely to be associated with the regulation of 

extracellular lytic activities of the Aeromonas bacteria isolated from ulcers ofEUS affected 

fish as suggested by Majumdar et al. (2006). 

The present investigation indicates that the resistance to common antibiotics used in 

aquaculture is prevalent among bacteria isolated from the ulcers of EUS affected fish and 

resistance determinants of some of these antibiotics have been transferred to the bacteria of 

other origin. EUS poses a serious threat to the fish industry of Asia Pacific region and its 

prophylaxis is an urgent need to sustain the steady production of fresh water fish. The 

emergence of antibiotic resistant bacteria and in vitro gene transfer suggests that antibiotics 

should be used more cautiously to treat the EUS or other Aeromonas infections in 

aquaculture. 
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The present investigation dealt with "Studies on R-plasmid in bacteria isolated from 

Epizootic Ulcerative Syndrome (EUS) affected fish" consisting of I) Isolation of 

Aeromonas bacteria from ulcers of EUS affected fish Cirrihinus mrigala, Catla catla, 

Channa striata and Puntius sp. from the Darjeeling and Jalpaiguri districts of West Bengal, 

2) Biochemical characterization and identification of isolated bacteria, 3) Pathogenicity 

test of the isolated bacteria on healthy fish, Channa punctatus, 4) Detection of some extra 

cellular virulence factors in the isolated bacteria, 5) Cytotoxic effect of the bacterial 

isolates on head kidney cells of healthy fish, Channa punctatus, 6) In vitro antibiotic 

sensitivity assay of twenty bacterial isolates from EUS affected fish, 7) Isolation of 

bacterial genomic DNA and plasmids from isolated bacteria, 8) Horizontal transfer of 

plasmids from isolated bacteria to susceptible species and 9) Detection of both cytolytic 

enterotoxin and aerolysin genes responsible for pathogenicity in the genomic DNA and 

plasmids of bacteria isolated from affected fish. 

Twenty bacterial isolates, five from each fish spectes were isolated from the ulcers of 

affected fish using Aeromonas isolation medium supplemented with Aeromonas selective 

supplement (HiMedia Laboratories, Mumbai, India) by pour plate method during winter 

months from different affected ponds in various locations of the Darjeeling and Jalpaiguri 

districts of West Bengal. Among the isolates of C. mrigala four were A. hydrophila and one 

belonged to A. caviae. All the five bacteria isolated from ulcers of C. cat/a were identified as 

A. hydrophila. Among the isolates of C. striata, three were A. hydrophila, one belonged to 

Aeromonas veronii biovar sobria and the remaining one was stated as Aeromonas sp.as 

because it did not fulfill the known characteristics of the present procedure of identification. 

All isolates from the ulcers of Puntius sp. were identified as A. hydrophila. 

All the isolates were tested for their ability to induce ulcers in healthy fish C. punctatus 

fish weighing of 40-50 g by intramuscular application of 0.5 mL of bacterial cell 

suspension (I x 10
7 

c.f.u /mL) per 100 g offish body weight in 0.85% NaCl. Of the twenty 

bacterial isolates, nineteen were found to be pathogenic after intramuscular administration 

of these isolates to the healthy fish. Initially red patches appeared at the site of injection, it 

swelled gradually and after 72-96 hrs, the skin and underlying muscle layer eroded and it 

developed into ulcer. One isolate, Ch2 (Aeromonas sp. from C. striata,) could not induce 

any ulcer at the site of injection in healthy fish. 

73 



Studies were conducted on the virulence associated characters of all the isolated bacteria 

and it was found that nineteen of them exhibited proteolytic, lipolytic, haemolytic and 

amylolytic activities. Lecithinase was secreted by all the nineteen isolates and all of them 

were able to hydrolyze gelatin. Only the non pathogenic isolate, Ch2 could not show any 

positive test for virulence factors. 

Cytotoxic effect on head kidney cells of healthy fish was assayed by using cell free culture 

filtrates of all the twenty bacterial isolates from diseased fish. It was observed that single 

dilution of culture filtrates of 95% isolates showed more than 50% in vitro cell death. 

Double (1/2) dilution of cell free culture filtrates of 70% bacteria showed more than 50% 

cell death whereas 114th dilution of culture filtrates from 45% bacteria showed more than 

50% cell death. Crude culture filtrate of non pathogenic isolate Ch2 showed only 24.9% 

head kidney cell death compared to the 12% cell death in control. 

The antibiotic sensitivity of all bacteria isolated from the ulcers of EUS affected fish were 

measured by disc diffusion method in Muller Hinton agar plates and results showed that all 

the bacterial isolates (100%) were resistant to ampicillin. Nineteen isolates (95%) showed 

resistance to erythromycin and novobiocin whereas seventeen (85%) and twelve (60%) 

isolates were found to be resistant to sulphadiazine and rifampicin respectively. Resistance 

to kanamycin was showed by five of the twenty isolates (20%) while three isolates (15%) 

were resistant to chloramphenicol and gentamycin. Tetracycline resistance was showed by 

two isolates (1 0%) while streptomycin and nalidixic acid was found to be resistant to only 

one isolates (5%). 

Bacterial genomic DNA and plasmids were extracted from all bacterial isolates obtained 

from the affected fish in the present study. Analysis of plasmid profiles reave led that all 

isolates contained plasmids, ranging in sizes from 2.0 to 63 kb, with a 23 kb plasmid in 

common. All isolates from C. mrigala harbored a 23 kb plasmid. Among the isolates of C. 

cat/a, Ctl and Ct3 harbored 64 kb and 23 kb plasmids and Ct2, Ct4 and Ct5 carried 56 kb 

and 23 kb plasmids. Among the isolates of C. striata, Ch3 bacteria had three plasmids 

measuring 63 kb, 23 kb and 2.6 kb in length. Chl contained two plasmids of 23 kb and 2 

kb whereas Ch4, Ch5 and non pathogenic isolate Ch2 had a single plasmid of 23 kb. All 

isolates from Puntius sp. harboured a single plasmid of 23 kb. 

74 



Of the twenty bacterial isolates, plasmids from sixteen were transferred to the nalidixic 

acid resistant E. coli DH5a strain through bacterial transformation and thirteen were 

transferred to E. coli DH5a strain through broth conjugation. Ampicillin (Am) 

erythromycin (E) and chloramphenicol (Cm) antibiotic resistance determinants in the 

bacterial isolates were found to be transferable to DH5a recipient with the transfer of 

plasmids. Frequencies of conjugal transfer ranging from 1. 9 x 10-6 to 4.2 x 10-5 

transconjugants per recipient cell were detected in the mating mixture. Donor isolates and 

transconjugants showed same plasmid bands. Plasm ids from four isolates (M7, Ct 1, Ch3 

and P2) could not be transferred to the recipient strains through bacterial transformation. 

Plasmids from six bacterial isolates (M6, MlO, Ct2, Ch4, Ch5 and P3) could not be 

transferred to the recipient strains through broth conjugation and the bacterial isolate, Ch3 

could not take part in the conjugation experiment as because it was resistant to nalidixic 

acid. 

Detection of both cytolytic enterotoxin and extracellular aerolysin genes in bacterial 

genomic DNA as well as in plasmids was carried out by amplification of DNA using 

combination of specific primers. Out of twenty bacterial isolates, nineteen were found to 

be positive to PCR test for the cytolytic enterotoxin gene and the extracellular aerolysin 

gene using the bacterial genomic DNA as template. DNA from non pathogenic isolate, 

Ch2 (Aeromonas sp. isolated from C. striata) gave negative result to PCR. All the twenty 

isolates were tested negative in the PCR when the plasmids obtained from all the bacteria 

were used as template 
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Introduction 

~·J.~IIio 1 :~nd Punti I l'uqf}H> \\1· 

· ;: plied Microbiology 

n"ansfer 
:wHected 

,111d plasmid-mediated transferability 

~ollected from the ukers of epizootic 

Katla (Catla catla), Mrigel i Cirrh11tus 

\·lethods and Results: !li,c dtltu,;ur; a'S<!V showed that all the strains were 

,,.,j_,tc>tlt tu ampicillin ,md sensitive to '>treptomycin. Of the 15 isolates exam

innl, 9 )·J'?, 1solates wnc resistant tP ervthromycin, sulfadiazine and novobio

' m, while h6'jo were tTStstant to ritampin and 20% to chloramphenicol. All 

,,olate' harhoured plasmids with si7e> ranging from 64 to 23 kbp with a 23-

kbp pla>mid 111 common. Plasnmls from 11 Aeromonas strains were transferred 

w Es,/wrichiu t'!Jii DH~:z recipient strain along with the transfer of ampicillin, 

c-rythromyrin and chloramphemcol resistance determinants with frequencies 

ranging from -c.o x 10 '' 1P 1 )'; , 10 ' transconjugants per recipient cell. 

Conclusions: The re;,istance to ampicillin, erythromycin, sulfadiazine, novobio

-:in and chlorampheni((JI is prevalent among the bacteria isolated from EUS
affeded fish, anJ resistant determinants of some of these antibiotics have been 

tram.ferred to the bacteria of other origlll. 
Significance and Impact of the Study: The emergence of antibiotic resistance 

bactnia and gene transfer i11 t•itro .. ugge;,ts that antibiotics should be used more 

cautiou-,lv to trt·,Jt -~<'1'11111<'11iJ> infectiom in aquaculture. 

Aeromonas are oxidase-positive, Gram-negative bacilli that 
are widespread in the aquatic environment. These are 
increasingly being reported as primary or secondary 
pathogens of different lower vertebrates like fish, amphib

.ians and reptiles. Association of motile aeromonads with 
bacterial haemorrhagic septicemia and other ulcerative 
conditions of fish has long been a cause of serious wn · 
cern to aquaculturists (Rahman et al. 2002; Kozinska 

2007). These bacteria have a broad host range and have 

been implicated in the cause of human gastroenteritis and 

wound infections arising out of a direct contact with con
taminated soil and water (Janda 1991; Janda et al. 1994). 

Broad spectrum antimicrobial agents such as tetracycline 

and chloramphenicol are recommended for use against 
fish and human infections ( Jhingran 1990; Nawaz et al. 
2006) 

Epizootic ulcerative syndrome ( EUS) of fish is a disease 

of complex nature caused by the colonization of fungus 
i\phanomyces invadans (Lilley et al. 2003; Willoughby 

et a/. 2006 ). Other factors can predispose the fish to 
infection such as changes in water qualities like lowering 
of pH and temperature (Callinan et al. 1995) and increase 

in biochemical oxygen demand ( Pathiratne and Jayasinghe 

2001 ). However, EUS-affected fish often die because of 

bacterial septicemia caused by pathogenic aeromonads 

entering tht' circulation through haemorrhagic dermal 
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lesions that characterize> the disease (Pal and Pradhan 
1990; Rahman eta/. 2002). 

Application of antibiotics for treatment of EUS-affected 
fish is a useful and ea~-y means to control the spread of 
the disease. Several workers have reported and recom
mended the use of antibiotics erythromycin, nalidixic 
acid, oxytetracycline, sulfamethoxazole and streptomycin 
for the treatment of EUS-affected fishes (Jhingran 1990; 
Pradhan and Pal 1993; Das 1997; Saha and Pal 2002). 
The emergence of antimicrobial resistance among fish 
pathogenic bacteria is a serious problem in fish produc
tion. Indiscriminate use of antibiotics and other chemo 
therapeutics in fish farm to prevent fish diseases or as a 

dietary supplement has resulte-d in an increasing number 
of drug--resistant bacteria as well as resistant plasmids 
( Huys et al. 2000; Miranda et al. 2003; Nawaz et al. 
2006). The spread of R-plasmids harbouring antibiotic 
resistance determinants appt:ars to contribute to the 
extensive occurrence of antimicrobial resistance within 
the species (Krush and Sorum 1994; Sorum 2006). 

The drug resistance patterns and plasmid profiles 
in pathogenic Aeromonas sp. isolated from the ulcers 
of EUS-affected fishes Cat/a cat/a, Cirrhinus mrigala 
and Puntius sp. were investigated in the present study. 
The conjugal transfer of these· R plasmids was also studied 
to evaluate their potential spread in susceptible bacteria I 
species in aquaculture. 

Materials and methods 

Isolation and biochemical identification of bacteria 

Fifteen Aeromonas isolates were collected from three 
infected fish species, Katla (Cat/a cat/a), Mrigel (C. mri 
gala) and Punti (Puntius sp.) from different affected 
ponds in various locations of Jalpaiguri district in West 
Bengal, India (Table I). The disease signs were deep 
haemorrhagic ulcers in the mid body and tail regions. 
The ulcerated area of the diseased fish was dissected asep
tically and incubated overnight in nutrient broth at 30°C 
Aeromonas isolation medium supplemented with Aeromo
nas-selective supplement (HiMedia Laboratories, Mumbai, 
India) was used to obtain Aeromonas isolates from tht' 
nutrient broth using the plate pour method. 

The presumed Aeromona,; isolates were confirmed usin!! 
Gram stain, test for oxidase and catalase and test for ox1-

dation and fermentation and growth in agar with 0'l·6 but 
not in 6% NaCI by standard methods (Carnahan and 
Joseph 2005). The isolates were identified to species level 
using traditional biochemical methods that included tests 
for esculin hydrolysis, indole production, VP (Vogues 
Proskauerj, lysine decarboxylase, arginine dehydrolase 
and ornithine decarboxylase; tests for acid productiPn 

A. Das et al 

Table 1 Bactenai 1solates collected tram EUS-aftected ed1ble lisnes 

and the1r ability to 1nduce ulcers in healthy f1sh 

Isolate lnduct1on 

~umber Isolate 1dent1ty Source fish of ulcer 

----·----
M6 Aeromonas hydrophtla Ctrrhinus mrigala + 

Mi Aer hydrophila C mngala + 

M8 Aer. hydrophila C mrigala + 

M9 Aer. hydrophila C mrigala + 

M10 Aeromonas caviae mngala + 

Ct'· Aer. hydrophila Cat/a cat/a + 

Ct2 Aer. hydrophi/a cat/a + 

(13 Aer hydrophila cat/a + 

Ct4 Aer. hydrophila C cat/a + 

CtS Aer hydrophila C cat/a + 

!"'1 Aer hydrophila Puntius sp + 

P2 Aer. hydrophila r>untius sp + 

P3 Aer. hydrophila Punt1us sp + 

P4 Aer hydrophila Punttus sp + 

P') Aer. hydrophila PuntJus sp. + 

E US. ep;zoot1c ulcerative syndrome 

from arabinose, salicin, sucrose and mannitol; and test 
for gas production from glucose and susceptibility to the 
antibiotics ampicillin and cephalothin (Carnahan et al. 
1991; Abbott et al. 1992). 

For routine experimental work, the isolates were grown 
•m nutrient broth for 24 h at 30°C and stored in nutrient 
agar slants at 4 oc. 

Pathogenicity test 

All the bacteria were tested tor their ability to induce 
ulcers when injected intramuscularly to Channa punctatus 
fish. Healthy Channa pu11ctatus weighing 40-50 g were 
collected from fish farms with no history of EUS infec
tion. These were brought to the laboratory and main
tained for 15 days m glass aquaria measuring 
90 x 35 x 35 em for acclimatization. Water temperature 
in each aquarium was maintained at 28-30°C. Intramus
cular injection was given with 0·2 ml of bacterial cell sus
pension (1 x 107 CFU ml 1

) in 0·85% NaCl per 100 g of 
body weight. Fishes were observed for changes in their 
behavioural patterns as well as for development of haem
orrhagic ulcers and tissue necrosis (Pradhan and Pal 
]990: 

Antibiotic susceptibility test by disc diffusion 

The antibiotic susceptibility of each isolate was detected 
by the disc diffusion method. Mueller-Hinton agar plates 
(9 ern diameter) were inoculated with 0·1 ml of 18-h-old 
culture of test bacterium in nutrient broth. The anti
microbial discs (HiMedia Laboratories) were applied on 
the bacterial culture plates and incubated at 30°C for 
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24 h. Discs of ampicillin (1 0 ,ug), erythromycin ( 15 11g), 
streptomycin (I 0 ,ug), tetracycline (30 11g), nalidixic acid 
(30 ,ug), gentamicin ( 10 ,ug), kanamycin (30 l!g), chl
oramphenicol (30 llg), novobiocin (30 ,ug), sulfadiazine 
( 15 11g) and rifampicin ( 10 11g) were used. The zones of 
inhibition were measured (Saha and Pal 2002), and zone 
diameters were interpreted as sensitive or resistant based 
on manufacturer's instructions. 

Plasmid isolation 

Plasmids were isolated from ba<:terial cultures grown 
overnight at 30°C on nutrient broth, with a mini prepara
tion kit (Bangalore Genei, Bangalore, India) according to 
manufacturer's instructions. The plasmids were electro
phoresed on 0·8% agarose gel along with molecular 
weight marker (Lambda DNA/Hindlll digest; Bangalore 
Genei) and visualized after staining with 0·2% ethidium 
bromide. Molecular weight analysis of plasmids was car
ried out using Image Aid software package (Spectronics, 
NY). 

Conjugational gene transfer 

Each potential donor was incubated overnight in LB 
broth at 30°C, and Escherichia coli DHScx nalidixic acid
resistant and plasmid-free recipient strains were incubated 
in the same medium at 37°C to an equal density that was 
measured using a spectrophotometer (Systronics, Mum
bai, India). Broth conjugation was performed by mixing 
equal volumes of donor and recipient strains and incubat
ing at 25°C for 24 h without shaking. A tenfold serial 
dilution of each mating mixture were spread on LB agar 
plates supplemented with 10 ,ug ml- 1 nalidixic acid and 
an inhibiting concentration of antimicrobial agent to 
which the potential donors were resistant. Colonies grow 
ing on these double selective plates after 24-48 h of incu
bation at 37°C were treated as putative transconjugants. 
Suspected transconjugants were plated onto replica plates 
containing media with antibiotics and screened for 
plasmids. Transfer frequencies were calculated as the 
mean number of transconjugants per initial number of 
recipients. 

Results 

In the present investigation, 15 Aeromonas isolates were 
collected from EUS-affected Cat/~ cat/a, C. mrigala and 
Puntius sp. Biochemical analysis suggested that among 
them 14 were Aeromonas hydrophila and one belonged to 
Aeromonas caviae (Table I). 

Intramuscular injection of the bacterial isolates to 
healthy Channa punctatus fish produced haemorrhagic 
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ulcers and tissue necrosis at the site of administration. 
Clinical signs appeared within 48 h of inoculation with 
the isolates. The area around the injection site turned 
reddish, which gradually became swollen. In acute infec
tions, the skin was eroded and red haemorrhagic lesions 
with exposed underlying musculature were visible. Clini
cal signs were observed in all isolates (Table I). 

The antibiotic resistance patterns of the Aeromonas 
isolates for 1 I different antibiotics were examined. All 
the bacterial isolates were found to be resistant to am pi
cillin. Among them, 93·3% isolates were resistant to 
erythromycin, sulfadiazine and novobiocin, and 66% 
were resistant to rifampicin. Kanamycin resistance was 
found in 5 of the IS isolates, while three isolates were 
resistant to gentamycin and chloramphenicol. Only one 
isolate was found to be resistant to tetracycline, and all 
were uniformly susceptible to streptomycin and nalidixic 

acid. 
The antibiotic resistance patterns, the R plasmids that 

were present in the bacteria and the R plasmids trans
ferred to the E. coli together with their corresponding fre
quencies are presented in Table 2. Analysis of plasmid 
profiles showed that all isolates contained a 23-kbp plas
mid, while some of the isolates also contained a 56- or 
64-kbp plasmid. Plasmids of different sizes from II Aero
monas isolates were successfully transferred to E. coli 
DHS'Y. strain in broth conjugation experiments. Ampicil
lin, erythromycin and chloramphenicol antibiotic resis
tance determinants were found to be transferable to 

E. coli recipient with the transfer of plasmids. Frequencies 
of conjugal transfer ranging from 7 ·() x 10- n to 1·8 x 10 ' 
transconjugants per recipient cell were found in the mat
ing mixture. As shown in Fig. l, donor strains and trans
conjugants showed same plasmid bands. 

Discussion 

Drug resistance in Aeromonas sp. associated with EUS has 
been reported earlier (Pradhan and Pal 1993; Thampuran 
ct al. 1995; Saha and Pal 2002). The results of the present 
and earlier studies indicate that extensive use of 
.:hemotherapeutants has increased the incidence of drug 
resistance in Aeromonas sp. Infections with multiple 
drug-resistant bacteria have been recognized, and the 
mcreased prevalence of such strains has led to serious 
problem;, in standard antibiotic treatment. It is common 
practice in Indian aquaculture to use large amounts of 
antibiotic' to prevent infection. The excess antibiotics 
may remain in the aquatic environment for long period 
of time, and antimicrobial resistance may develop among 
bacteria ill the exposed ecosystems. This resistance can be 
transmitted to a wide range of bacterial species including 
bacteria pathogenic to human !Serum 2006). 
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Aeromonas 1solates 1 ransconJugants 
Table 2 Aotlm1crob1al res1stance and plasm1d 

profiles <n different Aeromonas 1solates 

collected from EUS-affected fishes and 

Escherichra coli DHS> transconJugants 
detected 1n broth conjugation 

Anttmicrob1al 

Isolate resistance 

Ant1m1crObtal I ransfer Plasm1d 

Plasm1d s1zes (kbp) resistance frequency* s1zes (kbp) 

M6 Am, E, Sz, Nv, R 23 ND 

M7 Am, E, Sz, Nv, R, Km 23 Am, 

M8 Am, E, Sz, Nv, R 23 Arn. 

M9 Am. Em, Km 23 ArTI, 

M10 Am, Sz, Nv 23 ND 

Ct1 Am, t, T, Cm, Sz, Nv, R 64, 23 Am, 

Ct2 Am, E, Gm, Sz, Nv, R 56, 23 NU 
Ct3 Am, t, Km, Sz, Nv, R 64, 23 Arn, 

Ct4 Am, E, Sz, Nv, R 56, 23 Arn, 

CtS Am, E, Sz, Nv 56, F' Am "• 
P1 Am, E, Cm, Km, Sz, Nv, R 23 Am. 

P2 Am, E, Gm, Sz, Nv, R 23 Am. 

P3 Am, E, Sz, Nv, R 23 ND 
P4 Am, E, Km, Sz. Nv, R 23 Am. 

PS Am, E, Cm, Gm, Sz. Nv, R 23 Am. 

E 6·6 '· 
t 3·4 y 

E 2·4 

1:, (rn 3,2 

t : 8 

E 16 ' 
t 4·i 

1:, Cm I·() ' 
t 60 ' 

1: :)·6 

E. Cm 42 

10 

10 " 
10 

H) 

10 
1G 

I C· 
,, 

10 

1[1 

10 

64. 

64, 

56. 
:)6, 

23 

23 
23 

23 

23 

23 
23 
23 
2" ·' 

23 
23 

Am, Amp1cillin; E. Erythromyon; T, Tetracycline. Cm, Chloramphen1col Gm. Gentamyc·n. 
Km, Kanamyon; Nv, Novobiocin; R, Rrtamp1cin, S, Streptomyon, Na, Nahd1x<c ac1d; )? Sulohad1az,ne. 

ND, not detected. EUS. epizootiC ulcerative syndrome 

• Average frequenoes (number of transcon1ugants per rec'fJ'<?nl' 

The pathogenicity test showed that the present isolates 
were capable of inducing ulcers at the site of injection. 
This is in agreement with earlier reports (Saha and Pal 
2000; Rahman et al. 2002) that suggests an important role 
of Aeromonas sp. in increasing the severity of EUS. Of the 
IS Aeromonas isolates collected in the present study, the 
majority were found to be resistant to ampicillin, erythro
mycin, sulfadiazine, novobiocin and rifampicin. Aeromo
nas strains have been found to be resistant to ampicillin 
and sulfadiazine by other workers also (Toranzo et a/. 
1984; Thampuran et al. 1995; Son et al. 1997; Roy eta/. 

Figure 1 Transfer of R plasmid from different Aeromonas iSOlates to 
Escherichia coli DHS~ (lane 1, Lambda DNA/Hindlll d1gest reference 
plasmids of known molecular mes (kb). lane 2. <Soiate Ct2, 
<ane 3. E. coli DHS~ transconjugant after mat1ng w1th donor •>olate 

C\2; iane 4. 1solate M6; lane 5. E. coli transconjugant rnat1ng w1th 

M6; lane 6, 1solate M9; lane 7. E. coli transconjugant mat1ng w.t'< 

M9; lane 8, P1. lane 9, E. coli transconjugant mating w1th P1, 
1ane 10, 1solate PS; lane 11, E. coli transconJugant malinq W'th PS 1 

2003), but they did not detect the high resistance to 
erythromycin. During the first outbreaks of EUS in India 
and during subsequent recurrences, erythromycin was 
included in almost all prescribed formulations for treat
ment of affected fish (Jhingran 1990; Das 1997). This may 
in part be responsible for excessive erythromycin resis
tance (93·3o/o) in the present isolates. 

Until now, several studies have reported the horiwntal 
transfer of R plasmids coding multiple antibiotic resis· 
tances in bacteria pathogenic to fish, including Aeromonas 
!Toranzo et al. 1984; Son et a/. 1997), but very little 
mformation is available on plasmid profiles of bacterial 
pathogens of fish in India. To ascertain whether the anti· 
biotic resistance determinant resides in the plasmid and 
whether these determinants are transferable with the 
transfer of plasmids, further experiments were carried 
out Plasmids of different sizes ( 23, 54 and 63 kbp) were 
present in the isolates, of which plasmids from ll patho
genic bacteria were transferable. These were associated 
with the transfer of ampicillin, erythromycin and chl
oramphenicol resistance determinants, and these resis
tance markers were expressed in the recipient E. coli 
strain. Transfer of ampicillin and erythromycin resistance 
determinants in motile A.eromonas has been reported by 
other workers (Chaudhury et al. 1996; Son eta/. 1997), 

and their sizes varied from as low as 6·2 to >ISO kbp. 
Schmidt et a/. (2001) reported the presence of transferable 
plasm1ds associated with both streptomycin and sulfadia
zine resistance determinants. In contrast, although our 
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isolates showed high resistance towards sulfadiazine 

(93·9%), the resistance determinant was not transmissible. 

Toranzo et al. (1984) reported the horizontal transfer of 

an 80-kb plasmid a~sociated with streptomycin resistance 

in Aeromonas, while all our isolates were sensitive to 

streptomycin in our study. 

A. notable finding during the study was that 20'Yo of 

isolates were resistant to chloramphenicol, although chl

oramphenicol resistance is seldom observed in motile 

Aeromonas (Koehler and Ashdown 1993; S0rum et al. 
2003 ). Earlier experiments from our laboratory ( Pradhan 

and Pal 1993; Saha and Pal 2002) showed that all the bac

terial isolates collected from EUS-affected fishes in this 

region were sensitive to chloramphenicol. According to 

the report by Jhingran (1990), chloramphenicol (IS ppm) 

was found to be effective in treating EUS-affected fish. 

Although direct use of chloramphenicol in fish farms for 

treating EUS is not recorded, resistance to this antibiotic 

is increasingly being detected (Vivekanandhan et a/. 2002; 

Hatha et al. 2005), which suggests that farmers may have 

used it for such treatment. In fact, chloramphenicol resi

dues were detected in fish products from some suppliers 

from India raising concern in the international commu

nity, and this has resulted in a ban on the products 

(Hatha et al. 2005). Thus, there is a strong probability of 

the widespread use of this antibiotic in aquaculture. 

Mating experiments in the present study was conducted 

at 25°C, because the highest frequencies of gene transfer 

were reported to occur within tht! range of 20-25°C 

which is quite common in the tropical aquatic systems 
(Altherr and Kasweck 1982; Son eta/. 1997). A frequency 

range between 7·0 x 1 o-" and 1·8 x w-" was found in 

the present experiment, which may occur in natural sys

tems. Other authors reported transfer of antibiotic resis

tance determinants in Aeromonas at frequencies that 

ranged from as low as 1·0 x 10-7 (Toranzo ct a/. 1984) to 

as high as 4·3 x 10- 3 (Son et al. 1997). In this study, 

although a 23-kb plasmid was present in all isolates, it 

was not transmissible from four isolates. This might have 

been successfully transferred if the conditions of mating 

or mating procedures were different (Altherr and Kasweck 
1982; Son eta/. 1997; S0rum et al. 2003). 

Reports have indicated that a single high molecular 

weight plasmid can be responsible for multiple drug resis
tance in different species of Aeromonas (Roy et al. 2003; 
S0rum et al. 2003 ). Therefore, isolation of 23-khp 

plasmid from all the bacterial isolates from different 

EUS-affected fishes and its horizontal transfer to E coli 
DHS:x strains in every successful single step conjugation 
indicated that it was likely to be a stable plasmid and 

conferred resistance to different Aeromonas isolates. 

The present investigation indicates that resistance to 

common antibiotics used in aquaculture is prevalent 
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among the bacteria isolated from the ulcers of EUS-affected 

fish, and resistant determinants of some of these antibiotics 

are transmissible. EUS poses a serious threat to the fish 

industry of Asia Pacific region, and its prophylaxis treat

ment is needed to sustain a steady production of freshwater 

fishes. The emergence of antibiotic resistant bacteria and 

the transfer of R plasmids in vitro suggest that antibiotics 

should be used more cautiously to treat Aeromonas infec

tions in aquaculture. The judicious use of drugs in aquacul

ture will minimize the spread of R plasmid carrying 

bacteria that may confer drug resistance to other suscepti

ble bacterial species in the aquatic environment. 
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