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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 

8 



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 
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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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