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Fish is one of the most widely consumed and cheapest protein source in the 

world today. Offering a wide variety of tastes as well as nutritive qualities, it is 

consumed all over the world. From the time aquaculture showed signs of 

becoming a commercial activity, it has faced various problems. The occurrence 

of fish mortality in cultured waters is a common phenomenon and is as old as 

the practice of fish culture itself. An increased production efficiency has resulted 

following integration of knowledge from a wide range of disciplines including 

reproduction, nutrition, genetics and immunology. Harmonization of these fields 

and their amalgamation with branches of engineering has not only facilitated the 

comparative rapid global expansion of the aquabusiness, but the intense rearing 

through high stocking densities, artificial feed and ferti"lizer use has also created 

conditions leading to physiological stress and an increase in the risk of disease 

outbreak (Pillay, 1996; McLean, 1996). 

Various diseases have so far been reported worldwide. Bacterial 

diseases such as furunculosis (Ghittino, 1972; Ferguson and McCarthy, 1978; 

Dalsgaard, 1994; Ford eta/, 1994), Vibriosis {Levin eta/, 1972; Lewis, 1985; 

Egidius eta/, 1986; Liu eta/, 1994), bacterial kidney disease (Bruno and Munro, 

1982; Bruno, 1986; Magnusson et a/, 1994), enteric septicemia (Plumb and 

Sanchez, 1983; Plumb and Hilge, 1987; Kasomchandra eta/, 1987; Chen and 

Kumlin, 1989; Morrison and Plumb, 1994), streptococcicosis (Ferguson et a/, 

1994; AI-Harbi, 1994), bacterial gill disease (Lumsden et a/, 1994); viral 

diseases e.g. infectious carp dropsy or viral haemorrhagic septicemia 

(Schaperclaus, 1965; Ghittino et a/, 1984; Trust, 1986; Meyers et a/, 1992); 

fungal diseases (Noga et a/, 1991; Kumar and Dey, 1991); metazoan and 

protozoan diseases (Papema, 1980; Mishra et a/, 1982; Kabata, 1985; 

Landsberg and Papema, 1987) are some of the fish diseases which have 

plagued both wild and cultured waters throughout the world. 

Nature has gifted India with an abundance of all types of fishery 

resources. There are big rivers and their tributaries, creeks and canals and also 

a long coastline. The most potential areas are the dug up impounded water 

bodies, i.e., ponds and tanks which provide an ideal environment for the growth 

of fishes. The oxbow lakes popularly known as beets and baors are also highly 
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productive. The inland fish production in the state of West Bengal is quite 

substantial and contributes more than one third of the total inland production of 

India. The state is endowed with rich fishery resources represented by Indian 

major carps, catfishes, minor carps, murrels and air breathing fishes. The state 

has the largest brackishwater fishery resources in India. The rivers of West 

Bengal harbour 22 species of economically important fishes and the beet 

fishery comprise thirteen species of marketable fishes. (Jain, 1990). Hence a 

large section of the rural population is dependent on aquaculture. Not only in 

West Bengal, fish farming is the backbone of economy in many areas 

throughout India. 

Occurrence of fish diseases in India till 1988 had not been of alarming 

nature compared to industrially advanced countries where intensive fish culture 

is practiced on a large scale. The common fish diseases which occurred in 

Indian traditional pond fish include ulcerative dropsy, columnaris disease, 

trichodiniasis, white gill spot disease, ligulosis, lernaeosis, ergasilosis, argulosis, 

gill rot and saprolegniasis. The predominant diseases of fin and shell fish 

cultured in estuarine wetlands are trichodiniasis and ergasilosis in mullets, soft 

shell diseases, cramped tail condition, external fouling and black spot in prawns 

and those cultured in sewage fed wetlands are gas bubble disease, white scale 

spot and trichodiniasis (Das and Das, 1995). However, the most destructive of 

all fish diseases occurring in Indian waters is a specific ulcerative disease, 

epizootic ulcerative syndrome (EUS) which first appeared in March, 1972 in 

estuarine fish stock of central Queensland, Australia. In India, the disease was 

first reported in May, 1988 in various states of north-eastern India such as 

Tripura, Meghalaya and Assam. Since then the disease resulted in 

insurmountable misery to the fishing community throughout the country (Das, 

1988, Jhingran, 1990, Kumar eta/, 1991, Pradhan, 1992). 

The name epizootic ulcerative syndrome or EUS was adopted in 1986 at 

the FAO Consultation of Experts meeting in Bangkok (FAO, 1986). They 

recommended that further studies should take place in the areas of 

epizootiology and also into the virology, bacteriology and mycology associated 

with the different outbreaks (Chinabut, 1995). 
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The alarming spread of the disease and the misery of the fish farmers 

caused by this epizootic became a matter of grave concern for the scientists 

and administrators and investigation on this disease was given utmost priority 

by all the countries of the Asia-Pacific region. A collaborative research project 

on epizootic ulcerative syndrome was conducted in Australia, Indonesia 

Philippines and India between 1992 and 1995 (Callinan eta/, 1996). Another 

project was granted by the Overseas Development Agency collaborating 

scientists from Bangladesh, Indonesia, Malaysia, Philippines and the Thailand. 

Scientists in Srilanka are also engaged in studies concerning this disease. But 

inspite of all the concerted efforts and the hectic researches, no firm 

conclusions have been reached regarding the exact causative agent of this 

disease. 

As in other countries, the outbreak of EUS in India created panic in the 

affected areas with sizable loss of valuable fish. The disease appeared 

unprecedentally in May, 1988 in some areas of the north eastern states of India, 

such as Assam, Tripura and Meghalaya. By the month of October, the disease 

struck the northern districts of West Bengal. During the period of 1988-90, West 

Bengal became the worst victim of this ulcerative disease (Pradhan, 1992). In 

1988, severe outbreaks occurred in the northern districts of the state of West 

Bengal such as Coochbehar, Jalpaiguri, Dinajpur, Maida and plains of 

Darjeeling district. The incidence of the disease has also been reported from 

some southern districts of West Bengal such as Murshidabad, Nadia, 24-

Parganas and Midnapur (Pradhan and Pal, 1990). By the year 1990, entire 

West Bengal was reeling under the effects of this perilous ulcerative disease. A 

national workshop on the ulcerative disease was organized in 1990 jointly by the 

Government of West Bengal and the Ministry of Agriculture, Government of 

India. The outcome of this workshop in controlling the disease was only marginal 

and despite all efforts by scientists and administrators, the disease recurred 

every year in varying intensities, thus throwing a big responsibility to the 

fisheries' scientists to find out the etiology and means of control of this dreaded 

disease. 

Investigations conducted by Pal and Pradhan (1990) during the initial 

outbreaks revealed the presence of two fluorescent Pseudomonads (R 1 and 
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R2) and one Aeromonad (Aeromonas caviae) (R3) and one Coccus (C) 

(Micrococcus sp.) in the surface ulcers of air breathing fishes. R1, R2 and R3 

were found to be pathogenic when injected to healthy fishes. A further study on 

the exact role of these pathogenic bacteria in causing the disease and an 

immediate and cost effective means to control the disease was awaited. In view 

of the importance and continuing existence of this serious disease, 

investigations on its present etiological state, the exact role played by the 

pathogenic bacteria and effective control measures have been taken up. The 

main objectives of this study are: 1) Histopathological studies on experimentally 

infected fishes 2) Effect of pathogenic bacteria on RBC count and haemoglobin 

content of fishes 3) Study on exotoxins that may be secreted by the pathogenic 

bacteria 4) Isolation of bacteria from extemallesions of naturally infected fishes 

5) Biochemical characterization and identification upto the genus level of the 

isolated bacteria 6) Pathogenicity testing of bacteria on fishes 7) Drug and 

antibiotic sensitivity assay of the bacteria 8) In vivo effect of drugs and 

antibiotics on diseased fishes. 
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Fish disease occurs as a result of interaction between the environment, the host 

and the etiological agent. Stress also plays a role in making the fish more 

susceptible to infection. To understand disease is to understand various aspects 

of biology of the host and the pathogen and their interaction. This includes the 

understanding of biochemical interactions between the host and the pathogen, 

histopathological changes and change in haematological parameters of the host 

and an effective and economical method for restraining the infection chain. The 

main purpose of this review is to present briefly the observations of previous 

workers in concord with the present line of investigation. Besides this, a brief 

history of the ulcerative disease and the epidemiology of the present outbreak 

has been included. The different aspects of this review are : 

• History of the disease. 

• Area of disease outbreak. 

• Fish species affected. 

• Socio-economic impact of EUS. 

• Etilogical investigations. 

• Environmental factors related with EUS outbreak. 

• Pathology of EUS. 

• Control measures. 

History of the disease 

The first appearance of the epizootic ulcerative syndrome (EUS) 

characterized by shallow haemorrhagic ulcers was reported in the year 1972 

which occurred in the estuarine fish stock of central Queensland, Australia with 

recurrence in subsequent years {Rodgers and Burke, 1981}. From the beginning 

of the last decade, severe disease outbreaks of a similar nature causing mass 

mortalities were reported regularly from all the countries of the Asia Pacific 

region. Some workers (Subasinghe eta/, 1990, Balasuriya eta/, 1990, Ram, 

1992} initially referred it as the ulcerative disease syndrome (UDS). By 1985, the 

disease had affected Papua New Guinea, Malaysia, Thailand, Laos PDR and 

Myanmar (Tonguthai, 1985). In view of the importance of the problem, FAO 

consultation of experts meeting was held in Bangkok and the name epizootic 
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ulcerative syndrome was adopted. It was accepted that the condition was 

primarily an infectious disease of a mixed etiology. They recommended that 

because of the complexity of its etiology, further studies should take place into 

the virology, bacteriology and mycology associated with the different outbreaks 

(FAO, 1986). By the time of FAO meeting in 1986, outbreaks were beginning in 

Philippines, and by the year 1988, the disease affected Myanmar, Bangladesh 

and India. 

Prior to the recent outbreak of epizootic ulcerative syndrome in India, 

several workers had reported ulcerative fish diseases occurring in Indian waters 

affecting mostly the Indian major carps. Gopalkrishnan (1963, 1964) reported 

many instances of Aeromonas hydrophila infections among carps in the state of 

West Bengal. Pal et a/ (1978) reported skin lesions in Anabas testudineus. 

Incidence of opercular ulcer disease in Labeo rohita at a private carp culture 

tank in the state of Tripura was reported by Lipton (1983). Other workers 

(Manohar eta/, 1976; Pal, 1984) also reported occurrence of dermal ulcers in 

Indian major carps and economically important catfishes. An ulcerative form of 

Aeromonas hydrophila infection was investigated by Karunasagar et a/ ( 1986) 

which occurred in the state of Andhra Pradesh. Though on all such occasions A. 

hydrophila could be isolated from the lesions, several other bacterial forms were 

also found to be present as secondary invaders. In spite of several attempts, no 

bacteria could be isolated from the internal organs. However, there was no 

extensive spread of the disease and the disease condition was effectively 

controlled through chemical treatment. Cat/a cat/a had been found to be the 

most susceptible species to the disease. Bilateral ulcerations of the opercula 

and the head and sometimes deep ulcers penetrating the cranial and opercular 

bones were observed (Kumar and Dey, 1991). 

Since the first appearance of the epizootic ulcerative syndrome in India, 

it was distinct by its destructive nature and capacity of affecting a wide variety of 

fish species in both wild and cultured waters. Conditions became so alarming 

that within two years of its outbreak all fishing activities came to a standstill 

causing tremendous concern to the fishery scientists and administrators. The 

disease spread alarmingly and it was accepted that no fish disease in India has 
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been as virulent and menacing as the recent outbreaks of the epizootic 

ulcerative syndrome (Das, 1997). 

In the past 10 years several workers have carried out extensive research 

work mainly in the field of microbiology in order to define the etiological agent. 

Some workers (Roberts eta/, 1993; Willoughby eta/, 1995; Lilley and Roberts, 

1997) are now convinced that the disease is caused by a typical species of the 

fungus Aphanomyces named as Aphanomyces invaderis and in the Regional 

Seminar on Epizootic Ulcerative Syndrome organized by ODA at AAHRI, 

Bangkok, the disease was defined to be characterized by the presence of 

invasive Aphanomyces infection. This has provided a link with other ulcerative 

disease caused by Aphanomyces spp. such as red spot disease in Australia, 

ulcerative mycosis of Menhaden in the south eastem coastal fisheries of the US 

and the mycotic granulomatosis of fresh water and estuarine fishes in Japan 

(Bondad-Reantaso eta/, 1994). However, several other workers (Liobrera and 

Gacutan, 1987; Boonyaratpalin, 1989; Pal and Pradhan, 1990; Chakraborty and 

Dastidar, 1991; Torres et a/, 1993; Leano et a/, 1995) investigating on the 

bacteriology of the disease are constantly reporting findings which clearly 

establishes the fact that bacteria is definitely involved in the ulcerative condition 

of the disease. Hence, no firm conclusion could be reached and the etiology of 

this dreaded disease continue to baffle the fishery scientists. 

Area of disease outbreak 

After the initial outbreak of the EUS, the disease spread in an epizootic 

fashion, generally progressing from an infected area to an adjacent one. 

However, occasionally it was reported to spread through transportation of fish or 

infected materials. The pattem of spread was similar in each location. The 

disease breaks out with explosive synchrony in many fishes of different species 

from around November or after heavy rains and outbreaks continue to the end 

of February or March of the following year (Tonguthai, 1985). The present 

spread of the disease is shown in Fig 1. 
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After the first outbreak in Australia in the Central Queensland region in 

1972, the disease progressed northwards and by 1975-'76 it affected the 

southern rivers of Papua New Guinea (Hains, 1983). A major outbreak was 

experienced in northern Papua New Guinea in 1982-'83 affecting mostly 

gudgeons and mullets. By this time neighbouring Indonesia also reported a 

severe outbreak in Bogor in 1980 (Anon, 1981) which subsequently spread to 

west, central and eastern Java. Occurrences of the disease in Malaysia was first 

reported during 1981-'83. In early 1984, the condition first manifested itself in 

the fishing areas of Kampuchea and southern and central parts of Laos. It 

recurred every year during 1980-'85 in different water bodies of Thailand 

(Tonguthai, 1985). EUS first occurred in the Philippines in the Laguna de Bay in 

December 1985 to February 1986. Between October 1988 to February 1989, 

EUS recurred in an epizootic form affecting wild freshwater fishes of the Laguna 

Lake and the Naujan Lake in Mindoro province. Paddy fields and swamps in at 

least 11 provinces, south and north of Luzon island was affected. During 

December, 1990, estuarine fishes from Buguey lagoon, Cagayan province in 

northern Luzon was affected (Reantaso, 1991). On the Richmond river, New 

South Wales, Australia, EUS prevalence was highest in those parts of the river 

fed by tributaries draining acid sulphate soil areas (Callinan et a/, 1993, Callinan 

eta/, 1995a). Virgona (1992) reported EUS outbreaks in the Clearance river in 

Australia. 

Meanwhile, the extension of the disease continued westwards and by 

1984-'85, wild and cultured fish stocks in Burma were affected. Fish suffering 

from epizootic ulcerative syndrome was observed for the first time in Srilanka in 

December, 1987, affecting freshwater and estuarine region of the southwestern 

zone (Costa and Wijayaratne, 1989). This sudden occurrence of the disease in 

Srilanka many years before it progressed down the Indian subcontinent 

suggested that infection occurred through transportation of fish and infected 

material by which it jumped from one area to one far away (Chinabut, 1995). 

In Bangladesh, the disease was first detected around March, 1988 in the 

small and large water bodies of the Chandpur town in the south east. It quickly 

spread upstream through the Meghna river to Manikgonj and downstream to 

Bhola. It further extended to the west affecting the major belts like the Padma, 
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the Meghna and the Jamuna (Kumar eta/, 1991, Hossain eta/, 1992). Ahmed 

and Rab (1995) reported that among 257 cooperating fish farmer's ponds 

located in several clustered villages of Kapsia thana in the Gazipur district, 46% 

were affected by EUS either fully (18%) or partially (28%) during the 1991-'92 

production cycle. The affected ponds occupied nearly 8.8 hectares (43%) of the 

total water bodies under fish culture. Rahim et a/ (1985) reported ulcerative 

disease in five species of brackishwater fish of Bangladesh prior to the outbreak 

of EUS in March, 1988. 

Epizootic ulcerative syndrome was first detected in India in the month of 

May 1988 in some areas of northeastern India. The worst affected districts in the 

state of Assam were Lakhimpur, Naugao, Karimganj, Kamrup, Cachar and 

Silchar. Two other adjoining states namely Tripura and Meghalaya were also 

affected by the same time. In the month of October, 1988, outbreaks were 

recorded in the northern districts of West Bengal (Das, 1988; Pal and Pradhan, 

1990). Gradually it spread throughout West Bengal covering all the districts 

except Purulia (Jain, 1990). In Bihar, the north east region adjacent to West 

Bengal were initially affected but it soon spread to the other districts (Prasad 

and Sinha, 1990). In Orissa also the disease spread to the northern districts 

adjacent to West Bengal namely Balasore and Mayurbhanj (Prusty and Nayak, 

1990). 

In India, the disease gradually spread to the states of Uttar Pradesh, 

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

Rajasthan and Karnataka and by 1993, the disease spread all over India except 

Gujarat, Punjab and Jammu and Kashmir affecting various types of water 

bodies namely rivers, lakes, canals, reservoirs and culture ponds (Das and Das, 

1993). Initially the epizootic was reported from wild waters, rivers and canals. 

With the entry of flood waters, the infestation covered almost the entire flood 

plain including low lying water logged areas, beets, submerged ponds, paddy 

fields, streams and ditches (Kumar et a/, 1991). The estuaries in some areas 

were also found to be affected mainly in the monsoon months when the salinity 

is very low (<0.5 ppm) (Mohan and Shankar, 1994). In India the average 

percentage of incidence ranges from 4 to 15% in case of rivers and 10 to 55% in 
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case of confined waters (Das and Das, 1993). The details of the present spread 

in India is shown in Fig 2. By 1990, epizootic ulcerative syndrome was also 

detected in the neighbouring country of Nepal (Srestha, 1990). 

EUS is endemic in many countries and is still extending its geographical 

range even into subtropical, subtemperate and temperate climates (Das, 1997). 

At present a declining trend has been observed mainly due to excessive 

application of various chemotherapeutic agents by cautious farmers. This has 

checked the severity of the disease outbreak but recurrences are reported every 

year. Occurrence of the disease is reported every year till today from various 

regions of North Bengal. Moderate to severe outbreaks are being reported from 

so far unaffected areas. Thus the primary source of the pathogen or the 

transmission factors are not yet controlled. Therefore, identification of the exact 

pathogen is of utmost importance to curb this dreaded disease. 

Fish species affected 

Freshwater as well as brackishwater species of fishes of both wild and 

cultured waters have been recorded to be seriously affected by the outbreak of 

epizootic ulcerative syndrome causing severe dermal ulceration and large scale 

mortality. It is unusual among fish diseases in that, when it first occurs in an 

area, it produces high levels of mortality in fishes of all ages over a very short 

time scale and it affects a wide range of species at the same time. The disease 

affects many species but losses occur more frequently in the snakeheads, 

Channa spp., Puntius spp. and in Indian major carps (Roberts eta/, 1986). 

Das and Das (1993) reported that in India, 30 species of fishes have 

been recorded to be affected by EUS out of which 4 species are exotic and the 

rest indigenous. They found that the incidence percentage was highest in the 

genera Channa (5-100%) and Puntius (20-100%). The other highly susceptible 

genera were Mystus, Mastocembelus, Glossogobius, Anabas, Clarias and 

Heteropneustes. The percentage of incidence was low in case of carps. An 

epidemiological analysis of EUS in the state of Kamataka India conducted by 

Mohan and Shankar (1994) revealed that the disease first affected the bottom 
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dwelling snakeheads (Channa spp.). Next to be affected were the catfishes 

(Mystus spp. and Wal/ago sp.), minor carps (Puntius spp.), featherbacks 

(Notopterus sp.) etc. In the estuarine region bottom dwelling mullets were found 

to be highly susceptible to the disease followed by other species. The Indian 

major carps were mostly unaffected in the state of Kamataka. Other major fish 

species to be affected in India are Ctenoparygodon idel/a, Hypophthalmichthys 

molitrix, Nandus nandus, Notopterus sp. Rasbora sp. Wallago sp. Ompak sp. 

etc. (Abdul Hameed, 1996; Mukherjee, 1996) (Table 1). 

In the Philippines the affected species in the Laguna Lake were 

snakehead (Ophiocephalus striatus), catfish (Ciarias batrachus), gouramy 

(Trichogaster pectoralis), goby (Giossogobius giurus), crucian carp (Carassius 

carassius), Manila sea catfish (Arius manilensis) and silvery theraponid 

(Therapon plumbius) (Liobrera, 1987). During the outbreak of December, 1990, 

estuarine fish species from Buguey lagoon, Cagayan province, northern 

Philippines, such as mullet (Mugil sp.), flatfishes (Piatycepha/us sp. and 

Psethodes sp.}, goatfish (Upeneus bensas1), croaker (Johnius sp.) and 

spadefish (scaptophagus sp.) were affected (Reantaso, 1991). In Australia, 

yellowfin bream (Acanthopagrus australis) and striped mullet (Mugil cephalus) 

were among the affected species (Callinan eta/, 1995a). 

In Thailand, affected fish species include snakehead fish (Ophiocephalus 

striatus), serpent fish (Channa micropeltis), sand goby (Oxye/eotris 

marmoratus), three spot gourami (Trichogaster trichopterus), striped croaking 

gourami (Trichopsis vittatus), Siamese fighting fish (Betta sp/endens) and 

wrestling half beak (Dermogenus pustillus) (Saitanu et al, 1986). 

In a study on the ulcerative disease in Srilanka, Subhasinghe eta/ (1990) 

examined 19 affected fish species including Ophiocephalus striatus, 

Ophiocephalus punctatus, Heteropneustes tassilis and Mastacembe/us armatus. 

An investigation by Ahmed and Rab (1995) showed that Thai silver barb, 

Puntius gonionotus (Bleeker) was among the most susceptible species in 

Bangladesh. The carps were less susceptible and the Nile tilapia (Oriochromis 

niloticus (L) was resistant to epizootic ulcerative syndrome. 
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Table 1 Fish species affected by the recent outbreak (1988-1998) of the 
epizootic ulcerative syndrome in India. 

Cultured 

Cat/a cat/a 

Labeo rohita 
L. calbasu 

Cyprinus carpio 

Cirrhinus mrigala 

Puntius javanicus 

Ctenophan,vngodonidefla 

Hypophtha/michthys molitrix 

Mugi/ parsia 

Mugil cepha/us 

Mugi/ subviridis 
Si/lago sp. 

Freshwater 

Wild 

Anabus testudineus 

Heteropneustes tassilis 

Clarias batrachus 

Channa punctatus, C. striatus, C. gachua 

Chanda chanda 

Mastocembelus sp. 
Callichrous pabda 

Mystus sp. 
Nandus nandus 

Colisa fasciata 
Puntius sophore 
Amb/yphan,vngodon mala 

Ambassis ranga 

Glossogobius giuris 

Gadusia chapra 

Macrognathus aculeatus 

Notopterus sp. 
Mastocembelus armatus 
Rhinomugil corsula 
Trichogaster sp. 
Acrossochei/us hexagonolepsis 
Waflago sp. 
Sa/mostomo bacaila 
Monopterus cuchia 

Amphipnous cuchia 
Ailia coila 

Ompaksp. 
Rasbora sp. 

Brackishwater 

Scatophagus sp. 
Epinephelus sp. 
Platycephalus sp 
Etroplus sp. 
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Socio-economic impact of EUS 

Though there are only very few accurate estimates of losses incurred 

from EUS, the potential social and economic impacts of the disease are 

obviously great. After the first outbreak in India, investigations carried out in 5 

districts of West Bengal revealed that 73% aquaculture units were adversely 

affected by EUS. The outbreak of the disease lowered the fish consumption rate 

by 28.7%, 23.3% and 20.5% in urban, suburban and rural sectors respectively. 

Consequently the fish trade was also affected seriously. The pecuniary loss 

faced by 50% aquaculturists was in the range of Rs. 1001 to Rs. 5000, while 

19.73% culturists suffered a greater loss ranging from Rs. 5001 toRs. 10,000. A 

section of the farmers was forced to search for alternate jobs and 88.9% fish 

traders also suffered losses to some extent during the affected period (Bhowmik 

eta/, 1991). 

In the state of Kerala, southern India, a study showed that the spread of 

EUS completely paralyzed the inland fish markets and threw the fishermen out 

of their occupation. The women fish vendors in particular were subjected to 

severe hardship. They had to seek alternate employment as agricultural 

labourers, head-load and quarry workers etc. without much success 

(Sanjeevaghosh, 1992). 

Another study in the state of Assam situated in north east India revealed 

that the total loss of fish from this area had been estimated at 10,625 metric 

tones affecting 81,400 number of fish farmers as well as members of the fishing 

community (Das, 1996). Abdul Hameed (1996) reported that during February, 

1994 EUS caused mortality of about 25 tones of fish valued at approximately 

Rs. 5.00 Lakhs in about 20 tanks in the Dharwad district in the state of 

Karnataka. In the rivers and irrigation tanks, large scale mortality of murrels, 

which is one of the highly priced fish had an adverse impact on the livelihood of 

the fishermen. 

Though there is a lack of systematic quantification of losses owing to 

epizootic ulcerative syndrome, the misery of the fish farmers and the apathy of 

126675 
' ~ 1\,\\f, ,ggg 
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panic was created in the affected areas and the farmers were afraid to bring the 

catch in the market (Sardesai, 1996). 

The occurrence of the disease in India had caused a decrease in the 

demand even for healthy fishes. There was a false but wide spread 

apprehension of the disease being transmitted to human being (Jhingran, 1990). 

Both the fisheries department and the health department of severely 

affected states took up special publicity programs through different media in 

order to enlighten the public about the disease. The farmers were advised to 

apply lime in precise doses in their ponds which would act as water purifiers. In 

this connection lime was distributed free of cost to the farmers (Prusty and 

Nayak, 1990). Among the media of communications, radio ranked first as a 

source of information for the farmers followed by extension functionaries of the 

state fisheries department (Bhowmik eta/, 1990). 

In the Philippines, the first outbreak of EUS affected 15,000 lakeshore 

families in Laguna lake with a 30% decrease in average daily income of 

fishermen (Liobrera, 1987). In Buguey lagoon, Cagayan province, EUS outbreak 

among estuarine fishes in December, 1990 affected 50% of the total catch, and 

prices of affected fish decreased to 40-60%. 

During the initial outbreak, fish farmers were very hesitant to give any 

information about its occurrence because of the fear that this will further affect 

the marketability of what was left of the catch. They had resorted to slicing off 

affected portion of the fish and tried to market the uninfected parts. Before the 

1990 outbreak among estuarine fishes, further confusion among consuming 

public was complicated by rumors that marine species were affected as well. On 

the part of the fish farmers, there was a growing fear concerning the eventual 

decline of the natural fish population with continual annual recurrences of EUS 

(Bondad-Reantaso eta/, 1994). 

In Philippines, the panic that was created mainly by the press gradually 

subsided with the improvement of the situation through government's education 

programme and the farmers learned to accept the occurrence of EUS at 

particular times of the year (Bondad-Reantaso eta/, 1994). 

With the outbreak of epizootic ulcerative syndrome, the problem of 

fish disease has drawn attention of the governing bodies and fish health 
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management has been noted as a major thrust area in sustainable aquaculture. 

Closer links between the fisheries department and the fish farmers has been 

established which has been beneficial not only for the problem of EUS but also 

for controlling fish diseases in general. 

The outbreak of EUS has also necessitated research in this area. 

Scientists worldwide are engaged in finding out the etiology and ultimately an 

effective control measure to curb this dreaded disease. At present, almost the 

entire population in the worst affected parts of India is aware of the disease. 

Though they have accepted yearly occurrences, every one is waiting for 

favourable results of the research being undertaken through various 

government projects in the entire affected region. 

Etiological investigations 

It has been accepted that epizootic ulcerative syndrome is primarily an 

infectious disease, and that it is a complex condition involving certainly fungal 

and bacterial elements in its later stages and probably one or more viruses 

(Chinabut, 1995). It is also suspected that certain physico-chemical parameters 

of water are responsible for creating stress to the fish. The investigations carried 

out so far by various workers on the different probable causative agents are 

discussed in the following pages under the following headings : i) virus, ii) 

bacteria, iii) fungus and iv) animal parasites. 

i) Virus 

Since the spread of epizootic ulcerative syndrome is consistent with that 

of virus diseases, viral ulceration or other viral inhibition of defense mechanisms 

allowing secondary invasion by other microorganisms, it has for sometime been 

hypothesized virus as a possible basis for the disease (Roberts eta/, 1993). A 

rhabdovirus was first isolated by Freirichs et a/ (1986) from a number of 

snakeheads (Channa striata) affected by the disease in Srilanka and suggested 

that this could be the initiating factor in the outbreak of the disease. Though this 

was an attractive proposal, virus was not isolated from more than 5% of the 
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diseased fishes examined and could not been shown experimentally to induce 

the disease in healthy fishes. 

A probable new virus, designated as snakehead fish virus {SHV) was 

isolated by Saitanu et a/ {1986) from various species of infected fishes e.g. 

snakehead fish (Ophiocepha/us striatus), serpent fish (Channa micropeltes), 

sand goby (Oxye/eotris marmoratus), three spot gourami (Trichogaster 

trichopterus), striped croaking gourami (Trichopsis vittatus), Siamese fighting 

fish {Beta spendens) and wrestling half beak (Dermogenus pustillus). The virus 

was not affected by ether or chloroform and was resistant at 60°C for 30 

minutes. SHV produced cytopathic effects, rounded cells and complete 

destruction of cell sheet on BB, BF2 and FHM cells. Experimental infectivity 

studies using snakehead fish showed that SHV elicited lesions similar to those 

seen in naturally affected fishes. The ulcerative disease rhabdovirus isolates 

exhibited bullet shaped morphology and a vesiculovirus-type protein profile 

{Kasomchandra, 1992). Hedrick et a/ {1986) reported the isolation of a bima 

virus from cultured sand goby (Oxyeleotris marmoratus). Ahne eta/ {1988) also 

isolated a rhabdovirus from snakehead (Ophiocephalus striatus) in Thailand 

showing ulcerative syndrome. The virus did not exhibit any serological 

relationship to VHSV, IHNV, RVC, PERVor EVX. 

In India, Siddhi {1989) found no cytopathic effect on snakehead cell line 

upto 14 days after exposure to tissue extracts of EUS affected fishes from the 

states of Assam, Tripura and West Bengal. Electron microscopic studies also 

failed to detect any viral agents. However, electron microscopic studies 

conducted by Kar et at { 1990) revealed the presence of viruses in the muscle 

and gills of ulcerative disease affected fishes in Assam. Kumar et a/ {1991) 

reported that inoculum from affected Channa sp., Puntius sp. and 

Mastocembe/us sp. when injected in confluent cultures of BB, FHH, EPC cell 

lines showed cytopathic effect within 7 days in culture. Microscopic studies 

showed spherical virus particles. 

Freirichs et a/ {1991) reported the isolation of a retro virus which was 

capable of inducing cytopathological effects {CPE) in a wide variety of tissue 

cultures. Thus in the past decade, a number of bima viruses, rhabdo viruses 
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and a retro virus had been isolated from occasional fish affected with the EUS. 

Because of this heterogeneous nature of these isolates together with a low and 

inconsistent level of recovery from diseased specimens, these viruses may only 

represent adventitious infections unrelated to outbreaks of EUS. Moreover, 

experimental induction of the diseased condition in fish by any of the isolated 

viruses had not been achieved so far (Freirichs, 1995). 

ii) Bacteria 

Bacterial pathogens have been claimed to play a major role in the 

disease outbreak by scientists working both in India and abroad. Studies on 

affected fishes in different countries recorded a wide range of pathogenic 

bacteria isolated from the ulcerated area and the internal organs such as kidney, 

liver, intestine and gills of affected fishes. Das {1997) gave a brief account of the 

variety of bacteria isolated from diseased fishes in different states of India. 

Though there are differences in the bacterial species isolated from different 

areas, Aeromonas sp. is the most predominant bacterial pathogen isolated not 

only from India but also from other EUS affected countries. 

Llobrera and Gacutan {1987) reported the consistent association of 

Aeromonas hydrophila with necrotic ulcers and lesions in snakehead 

(Ophiocephalus striatus}, Thai catfish (Ciarias batrachus}, crucian carp 

(Carassius carassius} and goby (Giossogobius giurus) in Laguna de Bay, 

Philippines, from December, '85 through February '86. The bacteria were 

isolated from body lesions and ulcers of all fishes examined and rarely from the 

kidney and liver of carp and catfish. 

Boonyaratpalin (1989) reported that the epizootic ulcerative syndrome 

involving both wild and cultured fish in Burma, Indonesia, Lao Peoples' 

Democratic Republic, Malaysia, Singapore and Thailand was associated with 

bacterial pathogens, primarily Aeromonas hydrophila and occasionally 

Pseudomonas sp. Aeromonas hydrophila was also reported to be associated 

with EUS affected fishes in Srilanka (Costa and Wijeyaratne, 1989). Subasinghe 

eta/ (1990) examined 19 species of fish from Srilanka including Ophiocephalus 

striatus, Ophiocephalus punctatus, Heteropneustes fossilis, and Mastacembelus 
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armatus and during these examinations, the consistent association of 

Aeromonas hydrophila with the haemorrhagic lesions and open necrotic ulcers 

on the body surface was revealed. The occasional occurrence of Pseudomonas 

fluorescens and some unidentified gliding bacteria were also found. 

Various workers in India have isolated pathogenic bacteria and induced 

disease symptoms by inoculating healthy fishes by the pure isolates. Jhingran 

and Das (1990) isolated and characterized Micrococcus sp. from the lesions and 

other haematopoietic tissues of the affected fishes. They tested the 

transmission of the isolated bacteria in vitro on healthy murrels and found that 

manifestation of ulcers took place within 72 hours, both through inoculation and 

when kept in association with the bacteria. Kar eta/ (1990) found Pseudomonas 

aeruginosa in the surface muscle lesions and gill tissues. 

Pal and Pradhan (1990) isolated four types of bacteria, two fluorescent 

Pseudomonads (R1 and R2), one Aeromonad (R3) and one Micrococcus sp. (C) 

from the skin lesions of air breathing fishes. R 1 resembled Pseudomonas 

fluorescens, R2 resembled Pseudomonas aeruginosa and R3 was found to be 

Aeromonas caviae (Pradhan, 1992). The bacterial cultures in mixed condition 

induced severe ulcers in healthy Anabas testudineus. The pure cultures of the 

fluorescent Pseudomonads and the Aeromonad induced only superficial ulcers 

and Micrococcus sp. did not induce ulcer at all. Pradhan et a/ (1991) again 

isolated two Pseudomonads (R4 and R5) which resembled Pseudomonas 

fluorescens, one Aeromonad (R6) and another coccus {C1) from the Indian carp 

Cirrhinus mrigala. 

Chattopadhyay eta/ (1990) opined that in India, an atypical Aeromonas 

hydrophila was the causative agent. They investigated on 23 fishes of various 

species with typical ulcers in their body. Samples from skin, ulcers, heart, blood 

and kidney were processed for microbiological studies using conventional 

techniques. A. hydrophila was isolated from large number of ulcerated fishes 

only and not from healthy fishes. 

Me Garey eta/ (1991) studied the role of motile Aeromonads in the fish 

disease ulcerative disease syndrome. The disease was characterized by the 

presence of severe open dermal ulcers on the head, midbody and dorsal 
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regions of the fish. Aeromonas hydrophila and Aeromonas sobria were 

recovered more often from the diseased fish than other bacteria and these 

Aeromonads were thought to play an important role in this degenerative 

disease. 

Ali and Tamuli (1991) isolated three genera of bacteria namely Vibrio, 

Aeromonas and Micrococcus from the ulcers of 4 species of fishes (Labeo 

rohita, C/arias batrachus, Channa punctatus and Anabas testudineus) from 

Assam, India. No fungal or protozoan parasites were observed. On reinfection 

tests, pure cultures of Vibrio produced similar disease symptoms, Aeromonas 

induced only mild infection and Micrococcus failed to induce any disease 

symptom. Incidence of Vibrio was found to be 100% in experimentally infected 

fishes. Mukherjee et a/ (1991) could isolate 5 distinct strains of Aeromonas 

hydrophi/a from 182 samples of various species of freshwater and brackishwater 

fishes showing ulcerative lesions on their body surface. 

Chakraborty and Dastidar (1991) reported the presence of 

Chemoautotrophic nocardioform (CAN) bacteria regular1y and isolated the same 

repeatedly from different types of skin lesions of fish affected with EUS as the 

major or only pathogenic agent. 

Aeromonas hydrophila was reported to be associated with EUS by Lio

Po et a/ (1992). They isolated several strains of Aeromonas hydrophi/a and 

showed that EUS like lesions could be induced on snakehead (Ophiocepha/us 

striatus) and catfish C/arias batrachus using at least 106 c.f.u. I ml at 21-25°C in 

24 to 96 hours. 

Torres et a/ (1993) conducted numerical taxonomic analysis and 

virulence screening of 54 Aeromonas isolates. Among these strains, the highly 

pathogenic and serologically homogeneous A. hydrophila came from fish 

exhibiting epizootic ulcerative syndrome. Two host species, Channa striata and 

Clarias sp., from which the greatest diversity of motile Aeromonads were 

recovered, were heavily affected by EUS. A virulent strain of A. hydrophila 

associated with EUS was used by Cartwright eta/ (1994) to produce monoclonal 

antibodies that identified virulent strains of A. hydrophila. Antibodies from a 

clone designated as F26P5C8, were found to identify the A. hydrophila serotype 
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I isolates associated with EUS fish, and which were found to be virulent after 

subsequent inoculation studies. 

Bacteriological examinations conducted by Qureshi eta/ (1995b) on EUS 

affected fishes in the water bodies of Bhopal, India, revealed the presence of 9 

types of bacteria; three Pseudomonads (Pseudomonas fluorescens, P. 

aeruginosa and Pseudomonas sp.), two Aeromonads (Aeromonas hydrophila 

and Aeromonas sp.) one Cytophagan (Cytophaga sp.) and three cocci 

(Micrococcus variance, Streptococcus sp. and Staphylococcus sp.). Out of the 

bacterial isolates, Aeromonads and Pseudomonads were found to be highly 

pathogenic while Micrococcans and Cytophagan were less pathogenic. Rest of 

the bacteria were found to be nonpathogenic. 

Karunasagar et a/ (1995) reported the isolation of A. sobria and A. 

hydrophila in a typical outbreak of epizootic ulcerative syndrome during 

December '92 to February '93 affecting Puntius spp. in Kamataka, India. Both 

organism could be isolated from the external ulcers as well as from the internal 

organs and enzymatic activities indicate that they have a role in the syndrome 

and might contribute to fish mortality. 

iii) Fungus 

Since the first outbreak of the epizootic ulcerative syndrome, fungal 

species were consistently isolated from the lesions of affected fishes. Initially the 

species most frequently isolated was Achlya sp., Sapro/egnia sp. (Das et a/, 

1990) and Aspergillus sp. (Kumar eta/, 1991). However, attempts to show a 

causal relationship between the fungi isolated from such lesions and the 

disease failed at that time. In Philippines, Aphanomyces sp. was isolated from 

lesions of EUS affected freshwater and estuarine fishes (Reantaso, 1992; 

Callinan eta/, 1993). Roberts eta/ (1993) emphasized that the very delicate and 

culturally demanding Aphanomyces sp. was the pathogen which causes so 

much tissue damage in this disease. They observed that this particular fungus 

having a typical morphology was consistently present within the lesion of fishes 

affected with epizootic ulcerative syndrome in countries through south and south 

east Asia. When a mycelium from these strains was placed below the dermis of 



23 

healthy fish, it caused inflammatory response and continued to migrate down 

into the tissues of the fish, inducing severe myonecrosis with chronic epithelial 

reaction. However, the authors did not claim Aphanomyces sp. to be the 

primary pathogen in its own right. 

Willoughby and Roberts (1994) formulated a scheme for the isolation of 

this slow growing pathogenic strain of Aphanomyces from epizootic ulcerative 

syndrome affected fishes. Willoughby et a/ (1995) described Aphanomyces 

invaderis sp. nov. as the fungal pathogen of freshwater tropical fish affected by 

epizootic ulcerative syndrome. Callinan et a/ (1995b) suggested that the 

causative agent behind the red spot disease (RSD) of Australia was the same 

strain of Aphanomyces sp. and was responsible for massive outbreaks of 

epizootic ulcerative syndrome in some Asian countries. 

Aphanomyces sp. is in fact a well known fish pathogen causing 

ulcerative mycosis of Atlantic menhaden. A salt resistant isolate was recovered 

and thought to be the causative agent of this disease (Hearth and Padget, 

1990). Miyazaki and Egusa (1972) reported mycotic granulomatosis in gold fish 

and successfully isolated the specific muscle penetrating fungus from the 

lesions. Mycotic granulomatosis in freshwater fishes of Japan was also 

suggested to be caused by Aphanomyces sp. (Levine eta/, 1990). In India, 

Aphanomyces infection affecting C. mriga/a was recorded in the state of Uttar 

Pradesh in 1974 (Srivastava, 1979). 

The investigations conducted by Chinabut et a/ ( 1995) on the ability of 

infected fungal spores of the pathogenic Aphanomyces sp. isolated from EUS 

affected fishes to induce ulcers at winter and summer temperatures showed that 

once the water temperature was above 25°C, the fungus was rapidly eliminated 

by the host's inflammatory response. 

Lilly and Roberts (1997) conducted experiments on the pathogenicity 

and culture studies of Aphanomyces strains isolated from EUS affected fish, 

saprophytic Aphanomyces, Ach/ya and Saprolegnia spp. from infected waters 

and further Saprolegniaceous fungi involved in other diseases of aquatic 

animals. Zoospores from 58 fungal isolates were given intramuscular injection to 

snakehead fish, Channa striata. The Aphanomyces strains isolated from fish 

affected by EUS, Australian red spot disease and mycotic granulomatosis were 



24 

able to grow invasively through the fish muscle and induce typical EUS lesions. 

The EUS Aphanomyces was shown to be unable to infect noble crayfish, 

Astacus astacus L. The snakehead pathogenic strains of Aphanomyces were 

distinguished from all other fungi under comparison by either characteristic 

temperature growth profile and inability to grow on certain fungal media like 

SDA, CMA and MEA. 

Mohanta and Patra ( 1992) detected Saprolegnia parasitica in the 

infected specimens of Anabas testudineus in India. In another study by 

Karunasagar et a/ (1994) on the mycological aspects of epizootic ulcerative 

syndrome in India, fungi was observed in deep musculature underneath the 

ulcers in freshwater and estuarine fishes. However, in early stages before the 

development of ulcer, fungi was not observed in the area of the lesions. 

Aphanomyces and Sapro/egnia were the most common fungi associated with 

the ulcerative condition. The fungal isolates could not infect uninjured EUS 

susceptible fishes in the laboratory. However, when placed under the scales or 

skin by damaging the intact skin, lesion developed which subsequently healed 

without treatment. They suggested that EUS in the natural environment is of 

complex etiology involving more than one pathogen. 

Qureshi eta/ (1995a} conducted mycological examination of affected fish 

Mystus cavasius collected from Bhopal, India and observed the presence of 

aseptate hyphae within and around the lesions. In most of the specimens, only 

the hyphae of different species of fungi were found while in some cases 

zoosporangia of Sapro/egnia were also seen. They isolated seven species of 

fungi belonging to the genera Saprolegnia, Ach/ya and Aphanomyces from the 

lesions of EUS affected fishes. 

Histopathological studies of freshwater and brackishwater fishes affected 

with epizootic ulcerative syndrome from different ecosystems of Kamataka, 

India was conducted by Mohan and Shankar (1995). They observed numerous 

non septate, highly invasive fungal hyphae associated with massive tissue 

necrosis and therefore suggested that fungus is one of the etiological agents of 

epizootic ulcerative syndrome. 
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Presence of different types of fungi for e.g. Saprolegnia sp., Dictyuchus 

sp. and Aspergillus sp. were detected within the ulcer of EUS affected Channa 

punctatus, Anabas testudineus and Cat/a cat/a by Pal (1996, 1997). He also 

reported presence of a highly branched and aseptate slender fungus, most 

probably Aphanomyces sp. on the operculum of an infected A testudineus and 

no fungus was detected at the initial phase of the ulcer formation. 

iv) Animal parasites 

Jhingran (1990) reported that the commonly found animal parasites 

associated with the ulcerative disease are Pa/esintis sp., Trianchoratus sp., 

Dactylogyrus sp., Gyrodacty/us sp., Trichodina sp. and Epistylis sp., Tripartiella, 

and several myxozoans. However, he opined that since most of the parasitic 

infections found on sampled fish were at a very low intensity, these parasites 

could not be attributed as the primary cause of ulceration. 

Kumar eta/ (1991) detected Myxozoan parasites in the skin and kidney 

of Cat/a cat/a and the kidney and liver of Clarias sp. Mandai et al (1990) 

reported the presence of flagellated protozoan Costia necatrix Henneguy in 

association with epizootic ulcerative syndrome in fishes of West Bengal, India. 

In the state of Haryana, myxozoans, Myxobolus sp. and Thelohanel/us sp. were 

reported to be associated with EUS outbreak (Ram, 1992). 

Subasinghe (1993) studied the possible relationship between Trichodina 

sp. infection and induction of EUS in naive C. striatus by feeding with infected 

fish and by direct contact with water from infected environments. He observed 

that heavy primary infection of Trichodina sp. at >400 parasites per gill filament 

level, accelerates the appearance of EUS like lesion and ulcers when induced 

by feeding and cohabitation with EUS infected E. dandicus. He suggested that 

heavy Trichodina infection suppresses the natural defence mechanism of C. 

striatus, causing acceleration of the clinical signs of EUS. Thus secondary 

infections are an important contributory factor in causing mortality of EUS 

infected fishes. 
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Environmental factors related with EUS outbreak 

Fish pathology is often explained in the light of sudden changes in the 

subtle reaction between fish, their environment and the potential pathogenic 

organism present in the environment. The role of environment is considered of 

prime importance by many authors (Snieszko, 1974, 1983; Wedemeyer eta/, 

1977, Walters and Plumb, 1980; Csaba et a/, 1981; Ahne et a/, 1982; 

Schaperclaus, 1986). But though it is not very difficult to obtain a detail 

knowledge of fish population and of characteristic fish pathogenic organisms, it 

is more difficult to clarify the combination of factors which interact mutually and 

are influencing these organisms. 

Like other fish diseases variations in the environmental parameters are 

suspected to act as predisposing factors in the outbreak of the epizootic 

ulcerative syndrome. Roberts eta/ (1986) opined that EUS outbreaks occur in a 

cyclic manner when the temperature falls especially after a heavy rainfall. Lilley 

et a/ (1992) observed that EUS outbreak is correlated with the lowering of 

temperature, together with periods of heavy rainfall, low alkalinity and pH 

fluctuations. 

In India, an extensive survey of the environmental factors in the affected 

states showed that incidence of disease outbreak was as high as 65% in waters 

of low alkalinity (13-30 ppm) and hardness (6-45 ppm) in comparison to 20% to 

30% in water bodies having higher alkalinity (76-200 ppm) and hardness (62-

190 ppm) (Jhingran, 1990). 

Zachariah (1992) studied the effect of some physicochemical factors on 

EUS in the Vembanad lake in the state of Kerala, India. He opined that the 

significant changes noted in the water quality parameters of the EUS zone may 

cause the stress leading to the outbreak of EUS. 

Saha eta/ (1992) reported that in the Sunderbans after a devastating 

cyclone in 1988, EUS was detected in many confined waters polluted by 

carcass of domestic animals and rotten leaves of plants. 
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Das (1996) mentioned that the EUS initially occurred during the summer season 

when the flood waters entered the pond, canal and ditches during the period of 

May to October, 1988 in Assam. 

Abdul Hameed (1996) reported that the predominant reason of EUS 

outbreak during four continuous years from 1991 to 1994 in Kamataka was after 

major floods during monsoon from July to September. 

Sardesai (1996) mentioned that the disease started occurring from last 

week of July to September, 1993 in Goa as salinity in estuarine water bodies at 

the outset of the monsoon was reaching to zero. He also reported that during 

1994 and 1995 monsoon season, the disease spread in several parts of Goa 

affecting water bodies, in rivers, ponds etc. 

Data collected by Das ( 1997) reveals that the selected disease prone 

areas in the severely affected states of India had low alkalinity and hardness but 

with lesser intensity. In the state of West Bengal, the disease outbreak occurs 

after the monsoons, at the stage of waning rainfall and onset of gradual 

stagnation from September and fall in winter temperatures (Das and Das, 1993). 

Virgona ( 1992) studied the environmental factors influencing the 

prevalence of a cutaneous ulcerative disease (red spot) in sea mullet, Mugil 

cephal us L., in the Clarence river, New South Wales, Australia. He found 

significant correlation between weekly rainfall in the lower catchment and the 

prevalence of early stage lesion. Progress to the later stages of the disease 

occurred after heavy rainfall and high river flows. 

Regular monitoring of water qualities by Bondad-Reantaso eta/ (1992) in 

the Philippines revealed that there were variations in temperature, chloride, 

rainfall and hardness of water at the time of outbreak. Based on experiments 
• • conducted between January 1988 to December, 1989 1n Laguna Lake, 

Philippines, Palisoc and Aralar (1994) observed that the depth, secchi disc 

transparency, temperature (surface and bottom), chloride and alkalinity were 

significantly correlated with EUS outbreaks. 

Callinan eta/ (1995a) observed that in both Philippines and Australia, 

EUS outbreaks in estuarine fish were reported only from estuaries having 

significant areas of acid sulphate soil in their catchments. They found that on the 

Richmond river, New South Wales, EUS prevalence was highest in those parts 
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of the river fed by tributaries draining acid sulphate soil areas. Localized EUS 

outbreaks were observed after a rainfall and was associated with pH values 

between 5 and 6.3. They suggested that run off water from acid sulphate soil 

areas may cause epidermal damage in exposed fishes, thus making the fishes 

susceptible to infection (Sammut et a/, 1995). 

Lumanlan-Mayo eta/ (1996) conducted field and laboratory experiments 

using rice field plots at the Freshwater Aquaculture Centre, Munoz, Nueva Ecija, 

Philippines. She suggested that low water temperature ( <30°C) plays a 

significant role in EUS outbreak. Data from initial experiments showed that 

rainfall and decrease in alkalinity and calcium and magnesium hardness were 

associated with the disease outbreak in striped snakehead, Channa striata, but 

at the onset of winter, as the temperature began to decrease, artificial 

maintenance of high levels of alkalinity and hardness failed to prevent the 

outbreak. 

Influence of pesticides and other agro chemicals 

High incidence of the disease in the rice field areas in India as in case of 

other countries especially in areas of indiscriminate pesticide application 

suggest that pesticides may have a role as a predisposing factor for the 

outbreak of the disease. Studies conducted by Kurup (1992) in the EUS struck 

regions of north eastern Kuttanad in Kerala, India reveal that indiscriminate 

pesticide application in the rice fields have aggravated water pollution problem. 

The concentration of pesticide in water was found to be above toxic levels and 

he suggested that this may create a stress condition for aquatic life and this may 

be a predisposing factor for EUS outbreak. 

Analysis of pesticide residue in water, fish and plankton of some specific 

EUS affected water areas in India were carried out by Chowdhury eta/ (1994). 

Analysis of residues of organochlorine pesticides such as BHC, DDT and their 

metabolites and endosulphan, methyl parathion etc. in water bodies near rice 

field areas indicate that although occasionally higher concentrations of 

organochlorine and organophosphorous pesticides have been found in water 
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and fish samples, no correlation could be made with the presence of pesticide 

residue and disease outbreak. 

Palisoc and Aralar (1995) monitored several environmental parameters in 

the two Jakes Laguna and Naujan in Philippines for two years to detect the 

relationships between EUS and the environment in both lakes. Levels of 

pesticides (heptachloride, endosulphan, heptachlorepoxide) in sediment and 

water from Laguna Lake was found to be higher than those samples from Lake 

Naujan. Though they could not correlate the levels of pesticides with the EUS 

outbreak it was found that the prevalence of infection was higher in Laguna 

Lake than in Lake Naujan. 

Pathology of EUS 

Pathogenic organism bring about infections in susceptible fish, i.e., they 

infiltrate their tissues or cells, where they have the opportunity of continuous 

multiplication with the result that infection occurs and symptoms of the disease 

are produced. 

The pathogenicity of microorganisms often involves a biochemical 

interaction between the pathogen and the host. Bacteria bring about pathogenic 

actions especially due to the effect of exotoxic substances such as haemolysin 

and other proteases. After infection and multiplication, the pathogens retreat to 

specific organs. A knowledge on the microscopic anatomy of fishes along with 

haematological parameters helps in understanding the pathological changes 

caused by the pathogen (Schaperclaus, 1986). The symptoms of the ulcerative 

disease and the pathology associated with the condition as observed by various 

workers are discussed below. 

Symptoms of the disease 

After the first outbreak in India, Jhingran and Das (1990) observed that 

the symptoms and other characteristics of the epizootic ulcerative syndrome 

were conspicuously different from the other low level ulcerative conditions 

reported earlier. It had some distinct manifestations : fishes in the rivers as well 

as in confined waters exhibited abnormal swimming behaviour with head 
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projected out of water. In the rivers abnormal swimming behaviour was observed 

with several fishes floating listlessly near the bank. In the initial stages of the 

disease, the infection usually commenced in the form of multiple inflammatory 

red spots on the body causing localized haemorrhage. In carps these appeared 

within scale pockets. In advanced stages of infection, the ulceration covered 

larger areas with sloughing of scales and degeneration of epidermal tissue. With 

further advancement of the disease, the ulcers became deep, haemorrhagic and 

necrotic often with a black melanistic rim. ·In advanced stages of the disease, 

large and deep ulcers were very commonly seen in all parts of the fish, 

especially in the head, abdomen and peduncle. 

Pal and Pradhan (1990) collected 129 A. testudineus, 16 H. fossilis and 

11 Clarias batrachus showing haemorrhagic ulcerative lesions on their body 

surface from the North Bengal region during the initial outbreak of the disease in 

the state of West Bengal, India. They observed that in case of fishes with 

scales, the symptoms of the disease first appeared as a red spot on the skin of 

the fish body. Gradually the red spot increased in size and an ulcer developed in 

the affected area. Ultimately the underlying muscle layer became affected and 

occasionally the ulcers became deep and necrotic. In scaly fishes, the mucous 

layer covering the scales was first affected. Red spots appeared in some 

regions of the body. In an advanced stage, the scales were sloughed and the 

ulcer became deep and necrotic. In both cases the fins were also affected. 

In a study conducted by Kumar eta/ (1991) among different affected fish 

species throughout India, it was found that the distribution of severe ulcerative 

skin lesions varied between species. In murrels, the ulcerations were more 

pronounced and occurred mostly in the head region and the caudal areas. 

Sometimes the ulcerations were deeper enough exposing the cranium and 

resulting in greyish or red necrotic areas. In severe cases, the tail lesion could 

erode the affected area to such an extent that there was total loss of peduncle 

portion and sometimes even the erosion extended upto the posterior abdominal 

cavity. In Puntius sp. there had been usually a dark red haemorrhagic but 

superficial ulcer on the body side. In Indian major carps, long striped 

haemorrhagic lesions were found in the region of the caudal peduncle. 



31 

Different types of lesions associated with EUS in India were classified by 

Viswanath et a/ (1997). They used clinical and histological features to 

characterize three distinct type of EUS lesions among 300 EUS affected fish 

samples collected from affected freshwater and brackishwater bodies of the 

state of Kamataka, India. Type I lesion appeared as tiny red spots on the body 

surface with no noticeable haemorrhages and ulcerations. This lesions were of 

pin head size. Skin tissues around the tiny red spots were normal and there was 

no discolouration of the skin. Type II lesions were large (2-4 em) and appeared 

as dark raised discoloured areas on the body surface. Skin and scales were 

relatively intact in these lesions. Type Ill lesions occurred as circular to oval 

open dermal ulcers extending into skeletal musculature. These advanced 

lesions were characterized with haemorrhagic and necrotic open ulcers on the 

body surface and were devoid of epidermis and scales. 

After the first outbreak in the Philippines, in the Laguna de Bay, Llobrera 

and Gacutan (1987) observed that the disease was characterized by deep 

haemorrhagic lesions and open necrotic ulcers on the body of the fish, 

particularly the head, the mandible and the maxilla and the caudal peduncle 

regions. Erosion of the head bone tissues and the tails were observed in very 

severe cases. 

In a study on the experimental transmission of epizootic ulcerative 

syndrome in snakehead, Ophiocephalus striatus by Cruz-Lacierda and Shariff 

(1995), 297 fishes of two different size groups were examined for gross 

pathology. The slightly affected fish (stage 1 of EUS) had small (9-400 mm2) 

and flat haemorrhagic lesions with areas of scale loss and superficial erosion of 

the skin. Moderately affected fish (stage 2 of EUS) had small to medium sized 

(25-600 mm2
) lesion, and eroded skin and surface layer of the underlying 

muscle. Severely affected fish (stage 3 of EUS) had small to large (100-1400 

mm
2

) open, edematous, necrotic musculature with very foul odour. Some fish 

had totally eroded caudal peduncle. Most of the fish had only one lesion (43.1 %) 

while the rest had 2 (32%), 3 (14.8%) or more than 3 lesions (10.1 %). Although 

lesions were found on all parts of the body, they were more frequent on the 

head and posterior subdivisions of the body surface. 
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Histopathology of the skin lesion and other principal tissues 

After the first outbreak in India, Kumar et a/ (1991) conducted 

histopathological examinations of the ulcerated areas, kidney, liver and heart of 

Puntius sp., Mastocembelus sp. and Channa sp. They found that there was 

complete loss of the epidermis of the skin at the ulcerated areas where dermis 

and hypodermis showed characteristic cyst like or nodule like granulomatous 

formations in abundant numbers. A high degree of inflammatory reactions 

involving macrophage cells and lymphocytes around some of these granuloma 

formations were found. Granuloma formations were also seen in the muscle 

layers of the skin which were degenerated and necrosed in many areas. Most of 

the granuloma formations seemed to contain a highly basophilic material inside. 

Necrotic changes in the epithelium of gill lamellae of these specimens were also 

found. Kidney haematopoietic tissue showed proliferation of macrophage cells 

especially indicating inflammatory reactions. Almost all the renal tubules and 

glomeruli were found necrotic having necrotic material inside their lumen. In the 

liver, most of the sinusoidal spaces and blood vessels were congested 

(Hyperaemic) and wandering lymphocytes were plenty in the liver parenchyma. 

Das eta/ (1990) however did not find any significant changes in the liver except 

vacuolization in certain cases. 

Pradhan (1992) observed that the diseased fishes showed various 

degrees of degeneration in the liver and vacuolation of hepatocytes. In the 

kidney, tubular degeneration, tubular breakage and vacuolation of tubular cells 

were the most frequent changes. Sections of spleen showed vacuolation and 

necrosis in some regions. 

Prasad and Qureshi (1995) observed that the epidermis of the skin of 

infected Clarias batrachus were completely destroyed and wherever it existed it 

showed spongiosis. The dermis lost its original compactness due to necrosis. 

The hypodermis appeared in the form of a network of thin fibrils. 

Mohan and Shankar (1995) observed that in the early lesions non 

septate fungal hyphae was associated with severe necrosis of the dermis and 

epidermis. Acute spongiosis of the epithelium accompanied an intense 

inflammatory response. In advanced ulcers, massive invasion of the skeletal 
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musculature by the fungal hyphae was consistent with myofibrillar necrosis. The 

host macrophage response was found to be well organized with fibroplasma and 

the macrophages appeared to play a vital role in the granulomatous response in 

all the fishes examined. Apart from the tip of the mycelium, the mycelium inside 

the granuloma appeared dead with autolysed cell contents. 

.. Pal and Pradhan ( 1995) studied the histopathology of experimentally 

infected Clarias batrachus with different bacteria isolated from EUS positive 

fishes. Histopathological examinations revealed vacuolation and necrosis in the 

liver, and tubular vacuolation and necrosis in the kidney. In the spleen, 

vacuolation and necrosis were detected in fishes treated with bacteria in mixed 

condition only. 

Histopathology of experimentally infected Channa striatus (Bloch) with 

epizootic ulcerative syndrome associated Aphanomyces sp. at three different 

temperatures, 19°, 26° and 31°C were studied by Chinabut eta/ (1995). In the 

early stages of the disease, degenerative changes were observed in all 

samples, but inflammatory infiltrate was much more marked in fish kept at 26° 

and 31°C. By 8 days post injection, the mycotic granulomata in the 26°C sample 

were extensive and had progressed into the para-vertebral muscles on the 

contra-lateral side of the spine to the injection site. In the fish at 31°C, the 

hyphae were starting to be walled off in a whirling pattern of macrophages. 

Fibrosis and many new blood vessels were observed at the site of injection in 

the specimens kept at 26° and 31°C. The specimens kept at 19°C showed a 

more limited host response. Severe myonecrosis of large areas of the myotome 

developed in these specimens with haemorrhages and small inflammatory foci 

around the fungal hyphae. The hyphae continued to progress through the 

myotome and had invaded the peritoneal cavity by 14 days post injection. A 

limited macrophage response was observed at this stage. From 14 to 28 days 

post injection, the healing process became well established in the specimens 

kept at 26° and 31°C. Hyphae were walled off by a whirling pattern of 

macrophages. Melanin containing cells were observed in increasing numbers in 

the fibrous stroma as healing progressed. In the late stages of infection, 

regenerating muscle fibres were observed replacing the fibrous tissue. Surviving 

fish kept at 26° and 31 °C appeared to have recovered completely by 28 days 
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post injection. There were no signs of any healing response at 21 days post 

injection in the specimens kept at 19°C and subsequently all the fish died. Thus 

mortalities in the fish kept at 19°C were considerably higher than in the groups 

of fish kept at 26° and 31°C. 

Cruz-Lacierda and Shariff (1996) studied the progressive development of 

EUS lesion through histopathology of EUS positive snakehead Ophiocepha/us 

striatus. Classification of dermal lesion based on gross histopathological 

features resulted in a series of developmental stages. Histopathologically, all 

stages exhibited chronic, necrotic and mycotic granulomatous response. They 

reported association of a highly invasive, broad (upto 24.6 Jlm in diameter), 

branching aseptate fungal hyphae with all stages. The internal organs of fish 

with advanced stages of EUS also exhibited mycotic granulomatous response. 

In a study on EUS affected fishes in the state of Kamataka, India, 

Viswanath et a/ ( 1997) found that initially there were inflammatory changes in 

the sections of the epidermis. Sections stained by Grocott's methanamine silver 

staining technique (GMS) revealed the presence of fungal hyphae in some of 

the nodular structures. The fungal presence and the associated inflammatory 

changes were restricted to the epidermis. The dermis and skeletal musculature 

were free of pathological changes at the early stage of the lesion. In a later 

stage, they observed mycotic granulomas in the epidermis, dermis and skeletal 

musculature associated with numerous non septate fungal hyphae. Necrotizing 

dermatitis and myostisis due to fungal invasion was significant. In most of the 

lesions of this stage, the scales and epidermis were not completely lost. In the 

advanced stage of the lesion, the epidermis and scales were completely lost 

with partial loss of dermis at the site of ulcer. These ulcers showed mycotic 

granulomatous response and massive necrotic changes associated with fungal 

invasion in the integument and skeletal musculature. 

Haematological studies 

A study on the haematological parameters of EUS affected fish by Das 

and Das (1993) showed higher counts of phagocytic cells and reflected initiation 

of defence phagocytosis in blood circulation. There was a decline in counts of 
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erythrocytes (RBC) followed by a drop in haemoglobin content and hematocrit 

values which indicated anaemic condition. Another study by Prasad and Qureshi 

(1995) showed that there were remarkable changes in the numbers of RBC, 

WBC, differential count of WBC and haemoglobin content. 

Akela ( 1995) studied the behavioural patterns of leukocyte population in 

Anabas testudineus which badly suffered from ulcerative disease. He found that 

bacterial ulcer caused an abrupt fall in the number of leukocytes, mainly the 

lymphocytes, neutrophils and monocytes in different tissues to phagocytose the 

pathogen. Another study by Akela eta/ (1995) on biochemical constituents of 

blood in ulcerated fishes revealed that there was a significant fall in blood 

glucose, serum cholesterol and plasma protein levels, while the blood urea level 

increased. He attributed the decrease in blood glucose and plasma protein 

levels to least or no food consumption by the diseased fishes and the increase 

in blood urea to necrosis or decreased rate of renal filtration. 

Pradhan and Pal (1995) observed erythrocyte count and haemoglobin 

content of healthy Channa punctatus for seven days after intraperitoneal 

injection of four bacteria, two fluorescent Pseudomonads (R1 and R2), one 

Aeromonad, Aeromonas caviae (R3) and one coccus, Micrococcus varians (C) 

isolated from air breathing fishes. The injected fishes showed significant 

decrease of TEC and Hb content while the TEC and Hb content of fishes treated 

with coccus (C) and the control fishes showed no significant change even after 

168 hours of inoculation. 

In another study, Pradhan and Pal ( 1992} observed that a mixed culture 

of R 1, R2 and R3 produced significant decrease in Hb content and TEC in 

Channa punctatus after 24 and 48 hours of inoculation. 

Pathiratne and Rajapakshe ( 1995) conducted a study on the 

haematological parameters of healthy and epizootic ulcerative syndrome 

positive fish Etrop/us suratensis collected from Srilanka. They studied the total 

erythrocyte and leukocyte counts, hematocrit and haemoglobin content, mean 

corpuscular volume, mean corpuscular haemoglobin concentration and 

differential leukocyte count. Results demonstrate that EUS positive fish were 

anaemic through loss of blood and destruction of erythrocytes as shown by a 
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significant reduction in the TEC, hematocrit and Hb content. In addition, the total 

and differential counts of severely affected EUS positive fish indicated 

leukocytosis coupled with marginal increase in macrophage like cell population. 

Control Measures 

Bacterial infections in fishes are generally considered as problems 

relating to stress of intensitive aquaculture. Unfavourable conditions, including 

overcrowding of fish, bad water quality and care less handling tend to produce 

poor physiological conditions and increase bacterial infections. Stress interferes 

with both humoral and cellular responses thus making the fish more susceptible 

to infection. The importance of good environmental conditions in controlling 

disease is well understood but further preventive measures become often 

necessary in case of severe outbreakes. Although some attempt has been 

made on the development of a suitable vaccine (Ali et a/, 1996), an effective 

product is not yet available. Antimicrobial chemotherapy is still essential in 

controlling epizootics and is likely to remain so in the immediate future 

(Alderman, 1988). 

The use of antimicrobial chemotherapy to control fish diseases has a 

long history. It has been widely accepted by aquaculturists for its high success 

rate, prompt action and easy mode of application. Among the wide range of 

antibiotics available, the aquaculturists have identified some of them to be the 

most effective ones. Problems including solubility, palatability, toxicity, cost etc. 

have limited the available antibiotics to a select few, especially in food fish 

culture. The chemotherapeutants most widely used in fish farms were 

chloramphenicol, ampicillin, amoxicillin, nitrofuran derivatives, sulphonamides, 

the sulphonamide and trimethoprim complex and tetracycline derivatives. More 

recently the fluoroquinones and the third generation cephalosporins have 

become popular for its low minimum inhibitory concentration values and high 

efficacy against bacteria resistant to other well known antibiotics (Dixon, 1994). 

But unfortunately in a bid to control the disease, unprescribed 

treatments with a wide range of chemicals has not only failed to help the 

problem but has also adversely affected the fishes and in many cases has 
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encouraged the development of resistance of the pathogen against antimicrobial 

agents. So, it is very important that a correct dose be prescribed in order to 

ensure the efficacy of treatment and safety of the aquatic environment. 

Kumar and Dey (1991) opined that selection of the therapeutic 

compound must be based on the following considerations : a) Effectiveness 

against the causative agent, b) Adverse effects if any upon the host, c) 

Possibility of penetrating the site of infection , d) Effectiveness under existing 

water quality parameters, e) Local availability, f) Cost considerations , g) 

Convenience of application. They emphasized that the success of therapy 

depended very much upon the correct diagnosis of the problem and selection 

and application of the correct antibiotic. 

Oxytetracycline is one of the most widely used antibiotic in 

aquaculture throughout the world. It is a broad spectrum antibiotic with 

considerable activity against Gram positive bacteria. Structurally all the 

tetracyclines are octahydronapthacene derivatives. Oxytetracycline acts by 

inhibiting protein synthesis in the bacteria. It binds to the 30S subunit of the 

ribosome in the prokaryotic cell at several sites. It also binds to the eukaryotic 

ribosome but at a higher concentration. Thus eukaryotic cells are protected from 

oxytetracycline at the concentration which affects the bacterial cells. However, it 

is important that a recommended dose should be maintained in chemotherapy 

so as t9 prevent the antibiotic from affecting the host cells. 

In the USA, oxytetracycline is one of the two available antibiotics 

approved by the United States Food and Drug Administration (FDA) for the 

treatement of the bacterial fish disease furunculosis (Stoffregen eta/, 1993). 

Oxytetracycline and other tetracycline derivatives are among the most widely 

used chemotherapeutant in Japanese fish farms. Its extensive use and often 

abuse has led to the development of resistance of Vibrio anguil/arum against 

these antibiotics (Aoki et a/, 1987). Somsiri et a/ (1996) reported that 

oxytetracycline is the most commonly used antibiotic in catfish culture in 

Thailand. In Indonesia oxytetracycline is among the extensively used antibiotic 

for the treatement of bacterial fish diseases (Supriyadi and Rukyani, 1992). The 

tetracyclines are also widely used in the treatment of bacterial diseases in 

Norwegian aquaculture (lngebrigtsen et a/, 1985) . In Australia, oxytetracycline is 
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among the most commonly used antibiotic in marine finfish cage culture 

(Anderson, 1992). It is also among the most widely used antibiotic in the 

Philippines (Bacticados and Paclibare, 1992). Ackefors eta/ (1990) reported that 

to produce a tonne of farmed fish in 1988, Norway used 0.21Kg of 

oxytetracycline, Finland 0.115Kg and British Columbia, Canada 0.48 Kg.This 

drug is also commonly used for fish and prawn culture in Malaysia (Choo, 1994). 

In India, aquaculture is largely of extensive type and the available 

information on the use of chemotherapeutic in culture system is limited (Gopal 

Rao et a/, 1992). However, with the recent emergence of large-scale, semi 

intensive culture of certain selected fishes in a few states, the need for proper 

disease diagnosis and subsequent therapy have assumed utmost priority. 

Severe losses are incurred annually due to disease induced mortality and 

growth loss. The recent outbreak of the dreaded epizootic ulcerative syndrome 

has added a new dimension. 

According to Jhingran (1990), the Central Inland Capture Fisheries 

Research Institute conducted experiments employing two antimicrobial agents 

together such as nalidixic acid and erythromycin at the rate of 50mg per Kg 

body weight per day in a formulated micro encapsulated feed containing 30% 

protein and fortified with vitamin A and C. Trials with the pelleted feed on EUS 

positive fish Puntius sophore showed healing of ulcers. In subsequent batch of 

experiments, where the medicated feed was supplied for three days together 

with antibiotic bath (chloramphenicol @15 ppm), total recovery was observed. 

Jain (1990) reported that the use of antibiotics like erythromycin @ 200 

mg/Kg supplimentary feed had been observed to control UDS in government 

farm at Kalyani, West Bengal, India. He also reported that another medicine 

having the composition of trimethoprim and sulphamethoxazole was effective 

when given along with supplimentary feed to the fish in some ponds near 

Nimpith Ramkrishna Mission Krishi Bigyan Kendra in the district of South 24-

Parganas. Purkait (1990) reported that antibiotics like terramycin@ 200 mg/ Kg 

feed had impede the disease within 1-2 weeks in some areas of Chanditala in 

Hooghly district, West Bengal. 

Kumar eta/ (1991) however observed that terramycin at the rate of 

1 00 to 135 mg/Kg/fish/day did not show any effect on the diseased condition of 
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epizootic ulcerative syndrome affected fishes. Mahapatra et a/ ( 1996) reported 

that antibiotic tablets (trimethoprim and sulphamethoxazole) were given to the 

infected fish mixed with the daily supplimentary feed @ 100 mg per Kg feed for 

10 days which successfullu controlled EUS in fish. Das (1997) reported that in 

general, antibiotic either erythromycin or oxytetracycline at 60 to 100 mg per Kg 

of feed for seven days cured the ulcers of the diseased fishes. 

The choice of oxytetracycline as an antibiotic for treating the 

diseased fishes may be justified by the fact that it has a very short half life in 

both fresh water and sea water. Choo (1994) studied the degradation of 

oxytetracycline hydrochloride under tropical conditions in fresh and sea water in 

plastic tanks placed in a hatchery. Reverse phase HPLC technique was used 

for the detection of oxytetracycline. The half-life of oxytetracycline hydrochloride 

in fresh water (average pH 7.9, average temp. 2flC, under normal lighting) was 

found to be 298 hours. He opined that due to its short half-life in water and 

dilution from the aquatic environment, the danger posed by oxytetracycline in 

water is probably negligible. Oxytetracycline cannot be considered persistent in 

the aquatic environment as epimerisation and photolysis rapidly degrades 

oxytetracycline. However, though oxytetracycline does not persist in water; it 

has been found to persist in sediments and could pose adverse effect to 

environment (Jacobsen and Berglind, 1988; Samuelsen, 1989). 

Bjorklund et a/ (1990) studied the residues and persistence of 

oxytetracycline in wild fish and sediments on two fish farms after chemotherapy 

of farmed fish. They found a wide difference among the two fish farms. The 

farm which was exposed to water currents showed low half-life (9 days}, while 

the other farm where the condition were more or less stagnant showed much 

higher half-life (419 days). The drug was administered to fish through its diet. 

They suggested that much of the drug intended for curing the fish passed 

unchanged into the environment and bottom deposits of the fish farm. This was 

due to the fact when fish suffer from bacterial diseases, they usually show 

reduced feeding. Also oxytetracycline is shown to be very poorly absorbed from 

the intestinal tract of fish (Gravedi eta/, 1987 ). 
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Elema et a/ (1996) investigated on the bioavailability of 

oxytetracycline hydrochloride in Atlantic salmon in sea water. They administered 

the antibiotic through intramuscular injection of 20 mg Kg"1 body weight and 

force feeding with medicated feed containing a dose of 50 mg Kg"1 body weight. 

They found that the oral bioavailability was only 2%. 

Oxytetracycline residues in the tissues were measured by Xu and 

Rogers (1994) in stripped bass Marone saxatilis that had been injected 

intraperitoneally with 50 mg oxytetracycline/ Kg or had been fed a ration 

containing 75 mg oxytetracycline/Kg of fish daily for 10 days. Concentration of 

oxytetracycline in the muscle of fish fed medicated feed was below the 

quantitation limit in all fish after 16 days at 23°C. The calculated terminal 

elimination rate constant (beta) was 0.20/day (range, 0.15-0.37/day), and the 

half-life was 2.7 days (range, 1.9-4.5/day). The concentration of oxytetracycline 

in the muscle after intraperitoneal injection was below the quantitation limit after 

24 days at 23° C. The beta value was 0.34/day and half-life was 2.0 days in fish 

injected with oxytetracycline intraperitoneally. 

Somsiri et a/ ( 1996) carried out investigations on the accumulation 

of oxytetracycline in hybrid catfish (Ciarius gariepinus x C. macrocephalus) 

bathed in OTC at the concentrations of 1, 3 and 5 ppm. The other groups of 

experimental fish were fed with pellets mixed with OTC at the doses of 1, 3 and 

5 mg I Kg. After a 13 weeks period, fish fed with 3 and 5 mg /Kg of feed had 

high concentration of oxytetracycline in serum, muscle, kidney, spleen and liver. 

No OTC was detected by bioassay technique in serum, muscle, kidney, spleen 

and liver in bath exposure groups and fish fed with 1 mg /Kg of OTC in the feed. 

After oxytetracycline was withdrawn from the system for seven days, OTC was 

not detected in any experimental fish. 

Oral administration of antibacterial agents incorporated into feed 

permits the treatment of large quantities of fish relatively easily with minor 

labour costs and has become the prime route of medication. However, diseased 

fish tends to show reduced appetite. This gives rise to a situation where only the 

healthy individuals within a population that are still feeding are likely to be 

protected by the antibacterial. Bath treatment offers an equal dose to both 

healthy and diseased fish but is restricted to tanks of limited size. Therefore, 
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bath treatment may be an alternative in treating small fish, and where the feed 

uptake is minimal because of infection or low temperature or in the ear1y stages 

of development (Samuelsen eta/, 1997). Moreover, the unused feed falls to the 

bottom and poses greater threats to the environment. Due to low bioavailability 

of oxytetracycline, the concentration of the antibiotic should be high enough in 

the feed so that the treatment is efficacious. Thus application and often 

uncontrolled application of oxytetracycline through the feed not only causes 

development of resistance against the antibiotic (Chowdhury and Inglis, 1995) 

but also poses threat to the immune system of the aquatic fauna (Rijkers et a/, 

1980; Grondel and Boesten, 1982). 

Read (1985) found that salamanders with skin ulcers responded very 

rapidly to a bath of 50 mg per litre of oxytetracycline. Soltani et a/ (1995) 

determined the in vitro and in vivo efficacies of commonly used 

chemotherapeutants for Cytophaga johnsonae, Cytophaga psychrophi/a, 

Flexibacter columnaris and Flexibacter maritimus. He studied the efficacy by 

both bath and feed medication against the infections. The correlation of in vitro 

and in vivo results indicated that oxytetracycline was useful against F. 

columnaris and C. psychrophila. He further observed that the bath treatment 

gave higher survival (8%) than feed medication, because the infected fish either 

did not take the feed medication or became anorexic immediately post 

challenge. 
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3.1. Fishes 

3.1.1. Collection of diseased fishes 

In 1988, during the first outbreak of the ulcerative disease, 

Midnapur district was one of the severely affected districts of West Bengal. 

Since then, the disease has recurred almost every year after the monsoons in 

various areas of the district. During November 1993, there was a report of the 

outbreak of this disease from some areas of this district and Channa punctatus, 

Puntius sp. and Mystus sp. were among the worst affected. Infected fishes, 

Channa punctatus, Puntius sp. and Mystus sp. with severe ulcerative lesion 

were collected from the affected ponds of different areas of this district and 

used for isolation of the pathogen. Naturally infected fishes, Channa punctatus, 

Anabas testudineus, Clarias batrachus, Heteropneustes fossilis and Cirrhinus 

mriga/a showing ulcerative lesions were obtained from various infected ponds of 

the Da~eeling, Jalpaiguri and Gooch Behar districts (Figs. 3-6). Infected fishes 

were also collected from the local markets and brought to the laboratory for a 

comparative study with experimentally infected fishes. 

3.1.2. Collection of healthy fishes for experimental works 

Only air breathing fishes were selected for all experimental works 

because of their easy maintenance and easier availability in comparison to 

other fishes. Four species of fishes, e.g., Channa punctatus, Heteropneustes 

fossilis, Anabas testudineus and Clarias batrachus were brought to the 

laboratory in various quantities from time to time according to the experimental 

requirements. The fishes were usually collected from nearby fish farms of 

Sonapur and Gangarampur of the Da~eeling district of West Bengal that did not 

have any previous report of ulcerative disease outbreak. Some fishes were also 

purchased from the local markets after ascertaining their source. The health 

condition of the fishes was given utmost priority while selecting the fishes, 



Fig. 3 a, b, c. 

Fig. 4. 

Plate I 

Netting in an affected pond near North Bengal University 

campus 

Epizootic ulcerative syndrome affected Cirrhinus mriga/a 

showing ulcers on their bodies. 





Plate II 

Fig. 5. Naturally infected fishes Cirrhinus mriga/a showing haemorrhagic 

ulcers on their body 

Fig. 6. Naturally infected Mystus sp. showing ulcer 
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and inspite of their easier availability, we sometimes had to wait for several 

weeks and even months to get the right fish in right health. 

3.1.3. Maintenance of fishes 

The healthy fishes were maintained in the laboratory in glass 

aquarium measuring 90 x 35 x 35 ems in which the depth of static water was 20 

to 25 em. Water temperature was maintained at 28-30°C. The fishes were fed 

regularly with chopped earthworms. Fifteen fishes in the weight range of 10-25 

gms were kept in one aquarium while 10 fishes in the weight range of 25 to 35 

grams were kept in an aquarium. Fishes of higher weights were not considered 

for carrying out experiments due to difficulties in handling. Mortalities if any were 

recorded daily. All fishes were acclimatized under laboratory conditions for at 

least 15 days before using them for experimental works. If significant amount of 

fish died within 10 days of acclimatization, the set of fishes was discarded. 

3.2. Bacterial cultures 

3.2.1. Source of culture 

In our laboratory, three types of fish pathogenic bacteria, R1, R2 

(fluorescent Pseudomonads) and R3 (Aeromonas caviae) were isolated from 

naturally infected air breathing fishes of North Bengal region (Pal and Pradhan, 

1990; Pradhan, 1992). These bacterial isolates were used for different 

experimental works along with other bacteria isolated during the course of this 

study. 

3.2.2. Maintenance of cultures 

Cultures were maintained by asceptically transferring the bacteria 

to freshly prepared sterile nutrient agar slants after every three week. The 

stock cultures were stored at 4°C. For experimental works, subcultures were 
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made from the stock cultures in suitable media before use. The cultures were 

also examined at regular intervals to test their pathogenicity. 

3.3. Composition of Media 

A number of culture media was used during this study. The names and 

composition of these media are given below: 

Nutrient Broth 

Peptone 10 g 

Beef Extract 1 0 g 

NaCI 5 g 

Water 1000 ml 

The ingredients were dissolved by heating. The pH was adjusted to 8.0-8.4 with 

10 (N) NaOH and steamed for 10 min. It was then filtered to remove the 

phosphates precipitated at the alkaline stage. The pH was again adjusted to 

7.2-7.4 and sterilized at 115°C for 20 min. 

Nutrient Agar 

Nutrient agar was prepared by adding 2% agar powder to the final 

nutrient broth solution. The agar was melted by heating the media before 

sterilization. 

Glucose Peptone Broth (GPB) 

Glucose 

Peptone 

MgS04 .7H20 

KH2P04 

CaCI2 

3g 

1 g 

0.128 g 

0.014 g 

Bmg 



45 

FeS04 0.5mg 

MnS04 0.5mg 

CuS04.5H20 0.1 mg 

ZnS04 0.1 mg 

Distilled water 1000 ml 

All the ingredients were dissolved and after dispensing into tubes and 1 00 ml 

conical flasks (containing 30 ml of broth), the media was sterilized at 115°C for 

20min. 

Glucose Peptone Agar (GPA) (for growth of fungus only) 

This medium was prepared by adding 1.5% w/v agar to the GP broth. 

100 mg /lit of streptomycin and nalidixic acid was added to the medium after 

sterilization to obtain bacteria free cultures. 

Glucose Peptone Yeast Extract Broth (GPYB} I Glucose Peptone Yeast 

Extract Agar (GPYA) 

This medium was prepared by adding 1.0 g per litre yeast extract to 

the GPB medium. 1.5% agar was added to GPYB to obtain GPYA medium. 100 

mg I litre of streptomycin and nalidixic acid were added to check the growth of 

bacteria if required. 

Nitrate Broth 

KN03 

Nutrient Broth 

1 g 

1000 ml 

Potassium Nitrate was dissolved in the broth and distributed into test tubes 

containing inverted Durham's tubes, and sterilized at 115°C for 20 min. 



Gelatin agar 
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Gelatin 

Distilled water 

Nutrient agar 

4g 

50ml 

1000 ml 

The gelatin was soaked in water for 30 min and added to the molten nutrient 

agar. It was then mixed and sterilized at 115°C for 20 min and distributed into 

sterile petridishes. 

Milk Agar 

Skimmed Milk Powder 

Agar 

5 g in 50 ml distilled water 

1 g in 50 ml distilled water 

The two ingredients were separately autoclaved at 115°C for 20 min, cooled to 

45°C and mixed together. 

Glucose-Phosphate medium 

Peptone 

K2HP04 

Distilled Water 

5g 

5g 

1000 ml 

The medium was steamed until the solids were dissolved, filtered and the pH 

was adjusted to 7.4. 

Glucose 5g 

The glucose was then added and 5 ml volumes of media were distributed into 

tubes. It was then sterilized at 115°C for 10 min. 

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

Peptone 

NaG I 

2g 

5g 



K2HP04 

Agar 

Distilled Water 
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0.3 g 

3g 

1000 ml 

Bromothymol blue, 0.2% aqueous soln. 15ml 

The solids were dissolved by steaming. The pH was adjusted to 7.1, filtered, 

and the indicator was added. Then it was sterilized at 115°C for 20 min. 

The carbohydrate solution was sterilized separately, cooled to 45°C and 

mixed to the OF media to give a final concentration of 1 %. It was then 

distributed asceptically into sterile test tubes. 

Medium A of King ( King et a/, 1954 ) 

Peptone 

Glycerol 

K2S04, anhyd. 

MgCb, anhyd. 

Agar 

Distilled water 

pH- 7.2 

20g 

10 g 

10 g 

1.4 g 

20 g 

1000 ml 

The constituents except agar were dissolved by steaming and the pH was 

adjusted. The agar was then added and dissolved. The medium was sterilized 

by autoclaving at 121°C for 10 min. 

Medium B of King- for Fluorescin (King eta/, 1954) 

Proteose peptone 

Glycerol 

K2HP04 

MgS04, 7H20 

Agar 

Distilled water 

pH- 7.2 

Procedure as stated for medium A was followed. 

20 g 

10 g 

1.5 g 

1.5 g 

20g 

1000 ml 
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Tween 80 medium ( Sierra, 1957 ) 

Peptone 

NaCI 

CaCI2.2H20 

Agar 

Distilled water 

10 g 

5g 

0.1 g 

20g 

1000 ml 

The ingredients were dissolved by steaming, and the pH was adjusted to 7.4. 

Volumes of 500 ml were sterilized in flasks, which were cooled to 45°C. 

Tween 80 was sterilized separately at 121°C and 5 ml added 

a sceptically to each flask to give a final concentration of 1 %. The final media 

was dispensed into sterile petridishes. 

Simmon's Citrate media 

NaCI 5g 

MgS04,7H20 0.2 g 

NH4H2P04 1 g 

K2HP04 1 g 

Citric Acid 2g 

Distilled water 1000 ml 

The salts were dissolved in water, citric acid was added to the salts solution and 

the pH was adjusted to 6.8 with HN) NaOH. Twenty ml of 0.4% aqueous 

solution of bromothymol blue indicator was prepared separately and added to 

the media. The light green colored media was heated to dissolve all the 

ingredients and was dispensed in tubes and sterilized at 115°C for 20 min. 

Modified motility media ( Hajna, 1950) 

Peptone 

Beef Extract 

10 g 

3g 
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NaCI 5g 

Agar 4g 

Gelatin BOg 

Cystein 0.2 g 

Ferrous ammonium sulphate 0.2 g 

Sodium Citrate 2g 

Distilled water 1000 ml 

Gelatin was soaked in water for 30 min. The other ingredients were added and 

heated to dissolve and sterilized at 115°C for 20 min. 

Arginine media 

Peptone 1.0 g 

NaCI 5.0 g 

K2HP04 0.3 g 

Phenol red, 1.0 o/o aq. soln 1.0ml 

L( +)Arginine hydrochloride 10.0 g 

Agar 3.0 g 

Distilled water 1000 ml 

The solids were dissolved in the distilled water and the pH was adjusted to 7.2. 

The media was distributed into tubes to a depth of about 20 mm and sterilized at 

121°C for 15 min. 

Lecithovitellin Agar 

Egg yolk saline suspension 

Hen eggs 

NaCI, 0.85% soln 

4 

1000 ml 

The yolks were separated from the whites and beaten in sterile saline to form a 

homogeneous mixture. 

Lecithovitellin agar 

Egg yolk saline suspension 

Nutrient Agar 

100ml 

900ml 
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The sterile nutrient agar was melted and cooled to 50°C. The egg yolk-saline 

suspension was added asceptically, mixed and poured into plates. 

3.4. Inoculation Techniques 

The fishes were inoculated by either intramuscularlly or intraperitoneally 

injecting 0.5 ml/100 gm body weight of the bacterial suspensions in desired 

doses with a 24 gauge needle attached to a graduated glass syringe. Before 

applying injection to the fishes, all injection appliances were thoroughly cleaned, 

disinfected with formalin and then repeatedly rinsed with sterile distilled water. If 

necessary, the fishes to be injected were anaesthetized by keeping in 

benzocaine solution (25 mg/litre) for 1 to 2 min for easier handling. 

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

the fish (Fig.?). The needle was inserted from behind to the front at an angle of 

20° to the body axis. Intraperitoneal injection was also given similarly over the 

centre of the left pelvic fin at the upper level of the pectoral fin attachment. 

3.5. Histopathological techniques 

3.5.1. Sampling and fixation 

Live fishes were removed from the water with fine nets and quickly 

transferred to a container of benzocaine solution (25 mg /lit). After two min, the 

fish was removed from the solution and placed in a dissection tray. The external 

lesions were first excised from the fish body and immediately placed in Bouin's 

fixative (75 ml saturated aqueous picric acid solution, 25 ml formalin, and 5 ml 

glacial acetic acid). The internal organs were carefully dissected out from the 

body, cut into small pieces of 3 to 5 mm and immediately placed in the fixative. 

All tissues were kept in a volume of fixative at least 20 times the volume of the 

tissue and kept overnight. 
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3.5.2. Processing 

The fixative was washed out of the sample by 70% alcohol. Next the 

tissues were subjected to routine processing (Schaperclaus, 1986). Dehydration 

of the tissues was done by passing through a graded series of alcohol solutions 

(70%, 90% and 100%). The tissues were then placed in xylene and infiltrated 

with molten paraffin (melting point 58-60°C) and allowed to cool and harden. 

3.5.3. Sectioning 

The hardened paraffin containing the tissues were trimmed into 

rectangular blocks, mounted on the microtome and sections of 6f.l thickness 

were cut. The sections were placed on grease free slides with albumin serving 

as an adhesive. The sections were stretched on warm distilled water and the 

stides were dried by keeping them overnight at 40°C. 

3.5.4. Staining 

Before staining, the sections were completely dewaxed by placing in 

xylene for 5 to 10 min. For Haematoxylene-Eosin staining, the sections were 

then transferred to water by first removing the xylene in absolute alcohol for 5 

min and passing the sections through descending grades of alcohol, e.g. 90%, 

70%, 50% and 30%. The sections were then stained with hematoxylene and 

washed thoroughly with water to remove the excess stain and observed under 

the microscope to check the differentiation level. The nuclei were stained blue. 

The sections were then passed through ascending grades of alcohol and 

stained with alcoholic eosin. The excess eosin was washed in 90% alcohol and 

again observed under the microscope to check the differentiation level. If the 

counterstaining was satisfactory, the tissues were further dehydrated in absolute 

alcohol, cleared in xylene and mounted in DPX mountant. 

Some of the sections were also stained with Giemsa in order to 

observe the presence of bacteria in the tissues. 
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3.6. Haematological techniques 

For microscopic examination of the blood and to determine the 

total erythrocyte count and haemoglobin content of blood of normal and infected 

fishes, the following methodologies were followed. 

3.6.1. Blood sampling 

Fishes were netted out from their aquariums and held in 

benzocaine solution at a dilution of 25 mg/litre in water for 1 to 2 min for 

anesthetization. The caudal region of the fish was cut (Fig. Sa) and the blood 

was collected in a tube rinsed with EDTA solution (1mg/ml). Both RBC counting 

and haemoglobin content measurement was done immediately after collection 

of the blood. 

3.6.2. Smear preparation and staining of blood 

For preparation of blood smears, a fresh drop of blood obtained 

by cutting the caudal region of the fish (Fig. Sa) was placed on a grease free 

slide (Fig. Sb). The grease free slide was prepared by keeping the slide in 

chromic acid for 4S hours after which it was thoroughly rinsed with tap water 

and dried and kept in alcohol and benzene (1:1). Before using, the slide was 

wiped with a clean cloth and drawn through flame (Schaperclaus, 1986). A thin 

film of the blood was drawn with the help of another slide held at 45° (Fig. Sc). 

The smears were stained by Leishman's stain and Wright's stain. 

3.6.3. Blood studies 

For RBC counting, the clean and dry erythrocyte pipette was first 

rinsed with 1 o/o Sodium Citrate to prevent clotting of the blood in the tube. Blood 

was then sucked to the 0.5 mark. The blood sticking to the tip of the pipette was 

wiped off. Hendrick's fluid (sodium sulfate 10g, sodium chloride 2.5g, sodium 

citrate 1.5g, glacial acetic acid 50ml, distilled water to make upto SOOml) was 

then sucked into the pipette upto the 101 mark. The ends were closed with the 

thumb and the contents of the tube were mixed thoroughly. The dilution of blood 

: fluid was 1: 200. The fluid was then blown out from the lower stem upto 1.0 



Fig. 7. 

Fig. 8. 

a. 

b. 

c. 

Plate ITI 

Administration of intramuscular injection in fish, Channa punctatus. 

Blood smear preparation : 

Cutting the caudal region of the fish 

Placing a drop of blood on a slide 

Smearing technique 
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mark. The pipette was then held on the platform of the haemocytometer (Fein

Optik, Blankenburg, Germany) so that it makes 45° angle with it. A drop of the 

diluted blood from the tube was placed very carefully. Blood overflowed into the 

grooves of H. The coverslip was placed over the counting chambers and after 5 

min counting was done ( Swarup eta/, 1981). 

Haemoglobin content of the blood samples was determined by the acid 

haematin method (Swarup eta/, 1981). 

3. 7. Characterization of the pathogenic bacteria based on some virulent 

factors 

The virulence of a bacteria is often found to be related to certain 

characteristics like ability to hydrolyze gelatin, protein, lipid etc. The presence of 

such virulent factors in the pathogenic strains was therefore tested according to 

the following methodology. 

Lipid hydrolysis 

Tween 80 hydrolysis test was done for determining lipolytic 

activity of the bacteria. Tween 80 is the oleic acid ester of a polyoxyalkylene 

derivative of sorbitan. Tween 80 nutrient agar was streak inoculated with the test 

culture and incubated at 30°C . The plate was observed each day for an opaque 

halo of precipitation around the growth that indicates hydrolysis of the Tween. 

Haemolysin production 

Tryptone Soya agar plates containing 2% fish blood was spot 

inoculated with the pathogenic bacteria and incubated for 24 hours at 30°C. A 

clear zone around the colonies indicated the presence of haemolysin in the 

bacteria. 

Lecithinase production 

The lecithovitellin agar plates were streaked with the pathogenic 

bacteria and incubated for 5 days. The plates were observed daily for growth 

and opalescence under and around the growth. 
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Casein hydrolysis 

Plates of milk agar were inoculated with the pathogenic bacteria 

and incubated at 30°C and examined daily for upto 14 days for clearing of the 

medium around the bacterial growth. 

3.8. Determination of LD50 values of the pathogenic bacteria R1, R2 and 

R3 

The three pathogenic bacteria, R1, R2 and R3 were grown in Brain Heart 

Infusion Broth at 30°C for 48 hours. These cultures were used to make five 10 

fold dilutions of bacterial cell suspension in sterile 0.85% NaCI (w/v). The 

number of cells was calculated by the spread plate method. 0.05 ml of each of 

these diluted cell suspensions were injected intraperitoneally to 10 healthy 

fishes (Heteropneustes fossilis). The doses received by the fishes ranged from 

5x107 to 5x103 cfu. Each of the 10 control fishes received 0.05 ml of sterile 

0.85% NaCI solution. Following injection, the fishes were observed for a 15 day 

period to record the appearance of disease symptoms and mortality. The dead 

fishes were immediately sacrificed and parts of liver and kidney were incubated 
,.oiAt 

in nutrient broth for re-isolation of the bacteria. The lethal dose-50% end~.,(LD50) 

was calculated from the relationship between the probits of percentage 

mortalities and the logs of the dilution series of bacterial suspension. 

3.9. Preparation of cell free culture filtrates from bacteria 

Brain heart infusion broth was prepared, taking 1000 ml for each 

bacteria by dissolving 37 grams of broth powder in 1000 ml distilled water. The 

media were distributed into ten 250 ml Erlenmeyer's flasks each containing 100 

ml of the media and sterilized in an autoclave at 115°C for 20 min. The three 

virulent bacteria were first inoculated into 1 0 ml of brain heart infusion broth. 

After 24 hours incubation at 30°C, 0.5 ml of this culture was used to inoculate 

each Erlenmeyer's flask containing 100 ml of fresh BHIB and incubated in a 

rotary shaker at 30°C at a speed of 120 revolutions per min. After 48 hours, the 

broth cultures were centrifuged at 10,000 g for 30 min at 4°C. The supernatant 
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solution was filter sterilized by passing through a G5 sintered filter. The filtrate 

was tested for presence of bacteria by streaking in nutrient agar slants. Absence 

of any growth .in the slants after 96 hours confinned that the filtrate was free 

from bacteria. · 

3.1 a. Method· for proteil) estimation 

The soluble proteins were estimated following the method of Lowry et at 

(1951). Initially an alkaline mixture was prepared by mixing of 0.5 ml of 1% 

CuS04, 0.5 ml of 2% sodium potassium tartarate, 50 ml of 2% Na2C03 dissolved 

in 0.1(N) NaOH. Finally, reaction mixture was prepared by mixing 0.1 ml of the 

protein sample, 0.9 ml of water and 5 ml of the alkaline mixture and incubated 

for 10 min. Subsequently, 0.5 ml of !olin-phenol reagent (Folin-phenol :water:: 

1:1) was added and again incubated for 15 min. In case of blank, distilled water 

was used instead of protein sample. At the end of the incubation period, O.D. 

values of each sample were determined by Systranics spectrophotometer at 710 

nm. Quantity of the protein was estimated following the standard curve made 

with bovine serum albumin (BSA). 

3.11. Gel filtration 

Eight grams of Sephadex G-200 (Phannacia) was soaked in 300 ml 

Tris-HCI buffer (pH- 7.4) for 72 hours. The swelled beads were then loaded in a 

chromatography column fitted with a G2 filter at the base. Buffer was allowed to 

run through the column for 12 hours. When the column was not in use, 0.02% 

Sodium azide was added to the buffer to prevent growth of any bacteria. The 

size of the column was 2.0 em x 2 qm. Two ml of the sample was loaded at.the 

top of the column. The sample was eluted with 0.5 M Tris-HCI buffer, pH 7.4, 

and fractions, 3 ml each were collected at a flow rate of 0.6 ml per min. The 

fractions were assayed immediately or stored at 4°C far not more than 24 hours. 
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3.12. Assay of extracellular products 

3.12.1. Protease assay 

Protease assay was quantified as described by Thune et al 

(1982). A sample of 0.1 ml was added to 0.9 ml of 0.1 M tris-HCI buffer pH 7.2 

followed by 0.5 ml of 0.5% azocasein substrate (Sigma). After 30 min 

incubation at 37°C, the undigested azocasein was precipitated at 4°C with 3.5 ml 

of 5% trichloroacetic acid. The precipitate was pelleted by centrifugation at 

10,000 g for 10 min at 4°C. Equal volumes (1 ml) of the supernatant and 1(M) 

NaOH were mixed and the released azo dye was measured by reading the 

absorbance at 440 nm in a Spectrophotometer (Systronics). A blank was 

prepared by using sterile BHIB media as the sample. Protease activity was 

expressed as direct absorbance at 440 nm. 

3.12.2. Haemolysin assay 

Fish blood was collected from a 20 em fish (CJarias batrachus), weighing 

35 to 40 gms, by cutting the tail region. The blood was taken in a tube 

containing equal volume of Alsever's solution (20.5 g glucose, 8 g sodium 

citrate. 2H20, 0.55 g citric acid. H20, and 4.2 g NaCI in 1 L distilled water). The 

contents of the tube were mixed and used immediately or stored at 4°C for no 

longer than 24 hour before use. Before use the red cells were pelleted by 

centrifugation, then washed three times in 0.01 M Sodium phosphate buffered 

saline (PBS), pH 7.2. The assay mixture was 3.7 ml PBS, 0.8 ml of sample, and 

0.5 ml of red blood cell suspension. The assays were incubated in round 

bottomed polypropylene centrifuge tubes at 25°C for 1 hour. The unlysed cells 

and debris were removed by centrifugation at 12000 g for 10 min at 4°C, and the 

absorbance of the supernatant was read at 541 nm. A unit of haemolytic activity 

was defined as the activity required in a sample volume of 0.8 ml to produce a 

supernatant with an absorbance of 1.0 at 541 nm under the assay conditions 

described (Allan and Stevenson, 1981). 
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3.13. Isolation of Microorganisms from the ulcers of diseased fishes. 

3.13.1. Isolation of Bacteria 

The ulcerated area was dissected out asceptically from the fishes and 

then surface sterilization was done with 0.1 o/o mercuric chloride. The dissected 

tissues were placed in 100 ml conical flasks containing 15 ml nutrient broth 

medium supplemented with glucose. The fishes were then dissected 

asceptically and parts of liver and kidney were similarly placed separately in 

nutrient broth media. The flasks were incubated at 3f!C for 72 hours. The 

tissues were then removed and the cultures were observed under microscope. 

Only bacteria were found to be present in the cultures. Then the cultures were 

diluted by serial dilution (10"1
, 10"2, 10"3

, 104
, 10-s and 10-e) and 1 ml of each of 

these dilutions were added to 20 ml of nutrient agar media in 90 mm diameter 

sterile petridishes. Single separated colonies on agar plates were selected and 

streaked in nutrient agar slants and incubated for 24 hours at 30°C. Thus 

isolated pure cultures were obtained. Code names were given to each of the 

isolates and stored at 4°C for characterization and identification. 

3.13.2. Isolation of fungus 

The ulcer portion of the skin was dissected out asceptically and placed 

in sterile Glucose-Peptone broth without antibiotics and incubated for 24 hours. 

Next the growing fungal hyphae were transferred to GPB containing antibiotics. 

After 72 hours, the fungal culture was transferred to GPYA medium and after 

incubation for 72 hours it was maintained at 4°C in GPYA. 
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3.14. Morphological and biochemical tests for characterization of the 

isolated bacteria 

For characterization of the bacteria that were isolated from the ulcers of 

epizootic ulcerative syndrome positive fishes, a number of specific physiological 

and biochemical examinations were performed. The methodologies followed 

during these tests are described below. The three pathogenic bacterial isolates 

R1, R2 (fluorescent Pseudomonads) and R3 (Aeromonas caviae) which were 

already identified (Pradhan, 1992) were used as type strains for comparing the 

pathogenic Pseudomonas and Aeromonas isolates. 

3.14.1. Morphology of cells 

Shape of cells 

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

test organism w~s placed on a clean grease-free slide, air dried and stained 

with carbol fuchsin (phenol 85g, basic fuchsin 15g, ethanol 250 ml, distilled 

water 1250 ml : 1 volume diluted with 10 volumes of distilled water) and 

observed under microscope. Diameter was measured with a standard occular 

micrometer. 

Motility 

To detect the motility, tubes of motility medium were stab inoculated to a 

depth of about 5 mm. The tubes were incubated at 28°C and the turbidity 

pattern of the medium was observed for 5 days. The bacterial cultures in 

nutrient broth were also observed under a phase contrast microscope to 

determine their motility. 
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3.14.2. Physiological and biochemical tests 

Gram Staining 

Smears of test organisms made from 24 hour old cultures on nutrient 

agar slant with sterile distilled water were made on the centre of clean grease

free slides. The smears were air dried, heat-fixed and flooded with crystal violet 

(crystal violet 2g, 95% alcohol 20 ml, 1% aqs. ammonium oxalate soln. 80 ml) 

stain for 1 minute, washed for 3 seconds with tap water, flooded with Burke's 

iodine (Iodine 1 g, potassium iodide 2 g, distilled water 1000 ml) and allowed 

to react for 1 minute. Slides were washed in 95% ethanol, which was poured 

drop by drop holding the slides in slanting position against white background till 

no color came out from the lower edge of the slides. After washing with tap 

water, the smears were stained with saffranin for 1 minute and rinsed with 

water. The slides were air dried and observed under microscope (Bartholomew, 

1962). 

Production of Catalase 

The organisms were incubated for 24 hours on a slope of nutrient agar 

and 1 ml of 3% Hydrogen Peroxide solution was poured down the slope. 

Immediate evolution of gas indicated the presence of catalase activity. (Cowan 

and Steel, 1993). 

Production of Oxidase 

A 24 hour old culture of the bacterial isolates grown on Nutrient Agar 

(glucose free) were taken and smeared across a filter paper moistened with 

freshly prepared 1% tetramethyl-p-phenylenediamine dihydrochloride with a 

glass rod. The appearance of a dark purple colour within 30 seconds indicated a 

positive reaction (Cowan and Steel, 1993). 

Oxidation or Fermentation of glucose 

Oxidation or fermentation of glucose was done by inoculating duplicate 

tubes of Hugh and Leifson's medium containing glucose as the carbohydrate, by 
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stabbing. After inoculation, sterile molten paraffin was poured on to the top of 

one of the tubes to a depth of 10 em to seal it from air. The other tube was left 

open. The tubes were incubated at 30°C and observed for 14 days. If the blue 

color of the medium changes to yellow in the open tube only, it indicated acid 

production from glucose by oxidation. If both tubes change to yellow it indicated 

that glucose can also be broken down fermentatively (Hugh and Leifson, 1953). 

Acid and gas production in media containing different carbohydrates 

The medium used to detect acid production from carbohydrates was a 

modified Hugh and Leifson's medium in which agar was not added. The 

following carbohydrates were tested : L-arabinose, 0-glucose, D-fructose, 

sucrose, D-lactose, adonitol, 0-sorbitol, mannitol and meso-inositol. The liquid 

medium was inoculated and incubated at 30°C for 14 days. If the color of the 

medium changed from blue to yellow, it indicated acid production. To test for 

gas production, inverted Durham's tubes filled with the medium was inserted into 

the broth. The gas, when produced, was accumulated at the top of the inverted 

Durham's tube (Cowan and Steel, 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 tested by addition of 1 ml of nitrite reagent A 

(0.8% Sulphanalic acid in 5N Acetic acid) followed by 1 ml of reagent 8 (0.5% a.

napthylamine in 5N Acetic acid). Appearance of red color indicated presence of 

nitrite. Zinc dust was added to the culture tubes showing negative test for nitrite; 

appearance of red color indicated presence of nitrate in culture tubes that was 

not reduced to nitrite by the test organisms. Any gas production in the Durham's 

tubes was noted (Cowan and Steel, 1993). 
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Indole production 

Tryptone broth was inoculated and incubated at 30°C for 48 hours. 

Indole production was tested by adding 0.5 ml of Kovac's reagent (p

dimethylaminobenzaldehyde 5g, Amyl alcohol 75 ml, Cone. HCI 25 ml) and 

examined for 1 min. Appearance of a red color in the reagent layer indicated 

indole production (Cowan and Steel, 1993). 

Levan formation 

Nutrient agar plates and slants containing 4% sucrose were inoculated 

and observed for production of levan after incubating the plates and slants at 

30°C for 72 hours (Cowan and Steel, 1993). 

Methyl red reaction 

Glucose Phosphate medium was inoculated and incubated at 30°C for 5 

days. Two drops of Methyl red solution (Methyl red 0.04g, Ethanol 40 ml : 

methyl red was dissolved in ethanol and diluted with distilled water to 1 00 ml 

volume) was then added, shaken and examined. A positive MR reaction was 

shown by the appearance of a red color at the surface. 

Acetylmethylcarbinol production : the Voges-Proskauer test 

After completion of the methyl red test, 0.6 ml of 5% a-naphthol solution 

in ethanol and 0.2 ml of 40% Potassium hydroxide aqueous solution was added 

and well shaken. The tubes were then held in a sloping position to increase the 

area of the air-liquid interface and examined after 15 min and 1 hour. A positive 

reaction was indicated by a strong red colour (Cowan and Steel, 1993). 

Pigment production 

To test for pigment production by Pseudomonads, King, Ward and 

Raney's media (A and B) were used. After inoculating, medium A was incubated 

at 30°C for 24 to 96 hours and examined daily for pigment production. Medium B 

was incubated at 30°C for 24 hours followed by room temperature (22-25°C) for 
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72 hours. To test for pigment production by coccus, organisms were grown on 

nutrient agar plates at room temperature and were kept under diffused day light. 

Hydrolysis of gelatin 

Gelatin agar plates were inoculated and incubated for 3 days. The plates 

were then flooded with 30% Trichloroacetic acid; clear zones indicated areas of 

gelatin hydrolysis. 

Gelatin hydrolysis was also tested in the modified motility medium along 

with testing of motility and H2S production. The medium was stab inoculated with 

a straight wire, incubated at 28°C and observed daily for 30 days for presence of 

liquefaction. 

Arginine hydrolysis 

The arginine agar was inoculated by stabbing with a straight wire and a 

layer of sterile molten paraffin was poured with a pipette to a depth of about 2 

em. The tubes were incubated at 30°C and observed daily for 5 days for a color 

change of the medium. A positive reaction was indicated by change of the 

yellow-orange color of the medium to red. 

Citrate utilization 

The bacteria were inoculated as a single streak over the surface of the 

slope of Simmon's citrate medium. The tubes were examined daily for 7 days 

for growth and color change. Utilization of citrate was shown by a streak of 

growth and change of the color of the medium to blue. 

Hydrogen sulphide production 

Tubes of the modified motility medium containing cystein and ferrous 

ammonium sulfate were stab inoculated with the bacteria. A lead acetate paper 

was inserted between the cotton plug and the tube and incubated at 28°C. The 

tubes were examined daily for blackening of the media and the paper. 
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3.15. Microscopical examination of the isolated fungus 

A portion of the ulcer tissue was taken and smeared on a clean 

slide. The smear was stained with cotton blue and was observed under the 

microscope. 

During the isolation of the observed fungus, growing hyphae from 

the tissue in GPB was separated and placed on a slide and again stained with 

cotton blue and observed under the microscope. 

Similarly, fungal hyphae from the pure culture maintained in PDA 

and GPYA was placed on a slide and after staining with cotton blue, it was 

observed under the microscope. 

3.16. Antimicrobial sensitivity test by the disc diffusion method 

The following commercially available antimicrobial sensitivity discs 

were used: Penicillin (10 units), Streptomycin (10 f.!g), Kanamycin (30 f.!g), 

Ampicillin (10 f.!g), Chloramphenicol (30 f.!g), Gentamycin (10 f.!g), Norfloxacin 

(10 f.!g), Co-trimoxazole (25 f.!g), Erythromycin (15 f.!g),O,,etracyclin (30 f.!g), 

Nalidixic acid (30 f.!g), and Amoxicillin (30 f.!g) (Hi-media Laboratories, India). 

One ml of 18 hour culture of the test bacterium was inoculated in a conical flask 

containing 20 ml of sterile Mueller Hinton Agar cooled to 45°C and shaken to mix 

completely. Then, it was poured on sterile petridishes of 9 em diameter and 

allowed to solidify. Subsequently, antimicrobial sensitivity discs were placed 

asceptically on the solidified medium keeping a distance of approximately 4 em 

between each disc. The plates were incubated at 30°C for 18 hours. 

Appearance of clear zones surrounding the discs were noted and the diameters 

of the clear zones were measured. Zone diameters, less than 12 mm was 

denoted as resistant, higher than 22 mm as highly sensitive and between 12 to 

22 mm as sensitive. 
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3.17. Determination of Minimum Inhibitory Concentration (MIC) of 

oxytetracycline 

The minimum inhibitory concentration of oxytetracycline against the fish 

pathogenic bacteria was determined by serial tube dilution method. R1, R2 and 

R3 were first transferred from their stock cultures to 5 ml Mueller Hinton broth 

and incubated for 48 hrs at 30°C giving a final cell density of 1x109 cells/mi. 

Using inoculation loops, bacteria from the broth cultures were transferred to a 

series of tubes containing Sml Mueller-Hinton broth and oxytetracycline. 

Oxytetracycline were added to the tubes in 2 fold dilution from freshly prepared 

concentrated stock solution asceptically. The concentration of oxytetracycline 

ranged from 0.005 llg I ml to 163.84 J..Lg I mi. The tubes inoculated with R1, R2 

and R3 were incubated for 24 hours at 30°C. The minimum concentration 

showing no visible growth of bacteria was recorded to be the minimum inhibitory 

concentration. 

3.18. Bath treatment of experimentally infected fishes with oxytetracycline 

3.18.1. Preparation of bath solution 

Bath treatment of infected fishes was carried out in round plastic 

treatment tanks measuring 35 ems in diameter and 45 ems in height. Each tank 

was filled with 20 litres of water having the same temperature (28° to 30°C) and 

other water parameters as that of the maintenance aquariums. The tanks were 

labeled according to the concentration of oxytetracycline and time of exposure. 

A concentrated oxytetracycline solution (100 mg/ml) was then prepared in 

sterile distilled water. Required amount of this solution was added in the buckets 

in order to get the desired final concentrations of 50 J..Lg/ml, 100 J..Lg/ml, 200 J..Lg/ml 

and 500 J..Lg/ml of oxytetracycline. 

3.18.2. Inoculation of fishes 

Bacterial suspensions of R1, R2 (fluorescent Pseudomonads) and R3 

(Aeromonas caviae) were injected intramuscularlly (0.5 ml 1 100 gm body 
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weight) to healthy Channa punctatus in pure and mixed condition. The 

concentration of bacterial suspension in each case was 1x107 cfu/ml. Following 

injection, the fishes were kept in experimental aquaria measuring 45 x 30 x 30 

em and routine maintenance was continued. A control set of fishes received only 

sterile saline suspension. 

3.18.3. Treatment 

Fishes inoculated with the pathogenic bacteria were netted out of 

their experimental aquaria after 24 hr and placed in the treatment tanks. Ten 

fishes were placed in one tank at a time and exposed to fixed concentrations of 

oxytetracycline for the desired time periods. Separate nets were used for R1, R2 

and R3 in order to avoid any contamination. After the treatment period, the 

fishes were released into clean aquaria without being subjected to any further 

stress. In each set, a group of 10 infected but untreated fishes were used as 

control. 
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4.1. Studies on the involvement of the three bacteria two fluorescent 

Pseudomonads (R1 and R2) and one Aeromonad (R3) in the 

ulcerative disease of fishes 

In 1988, soon after the initial outbreak of epizootic ulcerative in North 

Bengal two fluorescent Pseudomonads (R 1 and R2} and one Aeromonad (R3) 

were isolated from the skin ulcers of affected air breathing fishes (Pal and 

Pradhan, 1990). Since these bacteria were able to induce ulcers when injected 

to healthy fishes, it was considered worthwhile to study the clinical symptoms, 

histopathology and haematology of fishes that were experimentally infected by 

these pathogenic bacteria along with a study on the pathogenicity and virulent 

characteristics of these bacteria. 

4.1.1. Studies on the pathogenicity of the bacteria R1, R2 and R3 

Though initial findings suggested that R 1, R2 and R3 were able to 

induce ulcers when injected in high doses to healthy fish, there was no report 

regarding the LD50 values of these bacteria in any fish {Pradhan, 1992). 

Therefore, an attempt was made to determine the LDso values of these bacteria 

and a comparative study was done on the susceptiblity of three species of air 

breathing fishes to these three pathogenic bacteria. 

4.1.1.1. Determination of LD50 value 

Cell suspensions of the three bacteria R 1, R2 and R3 were 

injected to healthy fishes (Heteropneustes fossilis} in serially diluted doses 

which ranged from 5x107 to 5x103 cfu in 0.05 ml of the inoculum. The details of 

the methodology followed is given in materials and methods. The mortality rates 

of the fishes increased with increasing concentrations of all the three bacterial 

suspensions. R1, R2 and R3 could be isolated from the external lesion and liver 

and kidney of the dead fishes. At the highest concentration (5x107 cfu), 80% of 

the fishes inoculated with R 1 and R2 and 90% of the fishes inoculated with R3 

died. At the lowest concentration (5x103 cfu), only 20% of the fishes injected 

with R1 and 30% of the fishes injected with R2 and R3 died. The LDso values of 
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R1 R2 and R3 was calculated to be 9.97x105 cfu, 4.45 x 105 cfu and 6.29 x 105 

' 
cfu respectively (Table l). It was observed that R1 was slightly less pathogenic 

than R2 and R3. 

Table - 2 : Cumulative mortalities of Heteropneustes fossilis after 15 days 

of inoculation with serial 10 fold dilutions of R1, R2 (fluorescent 

Pseudomonads) and R3 (Aeromonas caviae). 

Number of dead fishes I number of fishes inoculated 

Dose a (c.f.u.) R1 R2 R3 

-"·---- ------ ---- - --··- ----- - -- -- -- --·-~-------· ----·- - -------- -----· -

5 X 107 7110 8110 8110 

5 X 106 5110 6110 6110 

Sx 105 4110 5110 4110 

5 X 104 3110 3110 3110 

5 X 103 2110 2110 2/10 

LDsob 9.97 X 105 4.45 X 105 6.29 X 105 

a c.f.u. I 0.05 ml of inoculum 

b Calculated number of bacteria required to kill 50% of injected fish. (Calculated 

from relationship between probits of percentage mortalities and the logs of 

the dilution series of bacterial suspension). 

4.1.1.2. Susceptibility of three species of air breathing fishes to R1, 

R2 and R3 

Susceptibilities of different species of fish to the same bacterial pathogen 

are known to differ considerably (AI-Harbi, 1996; Sakai eta/, 1991). Since air 
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breathing fishes are commercially important freshwater fish species in West 

Bengal, an attempt was made to study the comparative pathogenicity of R 1, R2 

and R3 in Channa punctatus, Anabas testudineus and Heteropneustes fossilis. 

A comparative study on the progressive development of the clinical symptoms of 

the disease in fishes with scales (A. testudineus) and those without scales (H. 

fossilis) was also attempted. 

Accordingly, saline suspension of the three fish pathogenic 

bacteria R1, R2 and R3 were injected intramuscularlly (0.5 ml I 100 gm body 

weight) to healthy C. punctatus, A. testudineus and H. fossilis in pure and mixed 

conditions. The dose was adjusted to 5x105 cfu. Each bacteria was injected to 

10 fishes of each species, the control set was injected with sterile saline (0.85% 

NaCI). The experiment was repeated 4 times under identical conditions. Thus 40 

fishes of each species was injected by each bacterial suspension. All fishes 

were kept under observation for 15 days. 

4.1.1.2.1. Observation of external pathological symptoms 

All species developed similar type of ulcers and dead fishes with 

ulcers on their body were noted in all aquariums. In the control set of fishes, no 

change was noticed within the 15 days of observation (Figs. 9a, 1 Oa and 11 ). All 

fishes that developed ulcers, however, did not die. In some fishes with moderate 

ulcers, healing was observed. The results are summarised in table 3,4 and 5. 

Fishes treated with mixed bacterial suspension 

Within 24 hours of inoculation 95% of the total number of fishes 

injected with the mixed bacterial suspension of the three bacteria R 1, R2 and R3 

manifested external signs of the disease. The external clinical symptoms did not 

vary much among the three fish species. Initially, the area around the injection 

site turned reddish. Gradually it swelled and around the small red spot (3 to 4 

mm diameter) a zone of discotouration of the skin was noticed. No notable 

change in the swimming behaviour was observed. The skin was almost intact at 

this stage and this type of lesion was termed as superficial ulcer. In fish with 

scales, the scales were almost intact and only the mucous layer was affected 

(Fig. 12). None of the fishes died at this stage. 
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These superficial ulcers were observed between 20 to 30 hours after 

inoculation after which the ulcers increased in size (8 mm to 14 mm). In H. 

fossilis the surface layer of the skin was eroded. In A. testudineus and C. 

punctatus the scales fell off and erosion of the skin was noticed (Figs. 9e and 

13). The fish became sluggish with irregular opercular movement. This stage of 

ulcer was termed as moderate ulcer. Some fishes died at this stage. 

After 48 to 72 hours, in some of the surviving fishes, the ulcers 

became deep and necrotic, the underlying muscle layer was eroded and the 

skeletal musculature was exposed. The fish mainly remained motionless either 

at the floor of the aquarium or floated near the surface making 45 to 90° angle 

of their body to the surface of the water. This type of ulcer was termed as 

severe ulcer (Fig. 10e). All fishes at this stage ultimately died with deep open 

sores on their body surface. Healing of the surviving fishes with moderate ulcers 

was noticed after 7 or 8 days of injection and it took about 12 days for complete 

healing. 

Fishes treated with pure bacterial suspension 

In fishes treated with pure bacterial suspension of R 1, R2 and R3, 

about 75% of the fishes showed reddish swellings at the injection site within 24 

to 48 hours after inoculation. Gradually after 48 hours, the skin was eroded and 

the underlying muscle layer was exposed. In scaly fishes, the scales sloughed at 

the site of ulcer and the skin was also eroded (Figs. 9b, 9c and 9d). The ulcer 

produced was moderate and measured about 8 to 14 mm in diameter. The 

fishes began to die after 72 hours with moderate ulcers at the injection site 

(Figs. 1 Ob, 1 Oc and 1 Od). Healing of the surviving fishes was observed after 7 to 

8 days of inoculation and it took about 12 to 14 days for complete healing. 

4.1.1.2.2. Comparative mortality rate of the three fish species 

In case of A. testudineus, the mortality rate was 65.0% when 

inoculated with a mixed bacterial suspension of R1, R2 and R3. With pure 

bacterial suspensions, R1 induced 32.5% mortality, R2 induced 40.0% mortality 

and R3 induced 42.5% mortality (Table 3). 



Plate IV 

Fig. 9a. Anabas testudineus showing no ulcer formation after intramuscular 

injection with sterile saline suspension. 

Fig. 9b. Ana bas testudineus showing ulcer formation 48 hours after 

intramuscular injection with R1 (fluorescent Pseudomonad). 

Fig.9c. Anabas testudineus showing ulcer formation 48 hours after 

intramuscular injection with R2 (fluorescent Pseudomonad). 

Fig.9d. Anabas testudineus showing ulcer formation 48 hours after 

intramuscular injection with R3 (Aeromonas caviae). 

Fig.9e. Anabas testudineus showing ulcer formation 48 hours after 

intramuscular injection with a mixed suspension of R1, R2 and R3. 





Plate V 

Fig.10a. Heteropneustes fossi/is showing no ulcer formation after 

intramuscular injection of sterile saline suspension. 

Fig.10b. Heteropneustes fossilis showing ulcer formation 72 hours after 

intramuscular injection with R1 (fluorescent Pseudomonad). 

Fig.1 Oc. Heteropneustes fossilis showing ulcer formation 72 hours after 

intramuscular injection with R2 (fluorescent Pseudomonad). 

Fig.1 Od. Heteropneustes fossilis showing ulcer formation 72 hours after 

intramuscular injection with R3 (Aeromonas caviae) . 

Fig.1 Oe. Heteropneustes fossilis showing ulcer formation 72 hours after 

intramuscular injection with a mixed suspension of R 1, R2 and R3. 





Fig. 11-13. 

Fig. 11 . 

Fig. 12. 

Fig . 13. 

Plate VI 

Channa punctatus showing gradual development of ulcer 

following intramuscular injection of mixed bacterial suspension 

of R1 , R2 (fluorescent pseudomonads) and R3 (Aeromonas 

caviae) : 

Showing C. punctatus immediately after injection. 

Development of ulcer after 24 hours. 

Development of ulcer after 48 hours. 
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In C. punctatus, the percentage mortalities of fishes infected with R1, R2 and R3 

were 40.0%, 42.5% and 47.5% respectively. The mixed bacterial suspension 

induced 77.5% mortality (Table 4). 

In H. fossi/is, 72.5% of fishes injected with mixed bacterial 

suspension died. The percentage mortalities of fishes injected by R1, R2 and R3 

were 37.5%, 45.0% and 42.5% respectively (Table 5). 

Cumulative mortalities of fishes with respect to number of days 

after inoculation is shown graphically in Figs. 14-17. The figures show that in all 

cases there is a steep rise in the number of mortalities 24 hours after injection 

with the pathogenic bacteria. The maximum number of mortalities occur 

between 48 to 96 hours after injection. After 96 hours, the mortality rate again 

falls sharply and no fishes were found to be dead 7 days after inoculation. 

In all three fish species (C. punctatus, A. testudineus and H. 

fossilis), the mortality rate of fishes injected with R1 was slightly less than R2 

and R3. The percentage mortality however, did not vary much among the three 

fish species (Fig. 18). 

Table : 3. Percentage mortality and Nature of ulcer formation in Anabas 

testudineus injected intramuscularly with saline suspensions of R1, R2 and 

R3 in pure and mixed condition. 

Number of fishes Number of fishes Nature of ulcer Percentage 
inoculated dead mortality 

Controla 40 0 - -

R1 40 13 moderate 32.5% 

R2 40 16 moderate 40.0% 

R3 40 17 moderate 42.5% 

Mixed 40 26 severe 65.0% 

a Control set of fishes were intramuscularly injected with sterile saline 
suspension 
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Table : 4. Percentage mortality and Nature of ulcer formation in Channa 

punctatus injected intramuscularly with saline suspensions of R1, R2 and 

R3 in pure and mixed condition. 

Number of fishes Number of fishes Nature of ulcer Percentage 

inoculated dead mortality 

Controla 40 0 - -

R1 40 16 moderate 40.0% 

R2 40 17 moderate 42.5% 

R3 40 19 moderate 47.5% 

Mixed 40 31 severe 77.5% 

a Control set of fishes were intramuscularly injected with sterile saline 
suspension 

Table : 5. Percentage mortality and Nature of ulcer formation in 

Heteropneutes fossilis injected intramuscularly with saline suspensions of 

R1, R2 and R3 in pure and mixed condition. 

Number of fishes Number of fishes Nature of ulcer Percentage 
inoculated dead mortality 

Control3 40 0 - -

R1 40 15 moderate 37.5% 

R2 40 18 moderate 45% 

R3 40 17 moderate 42.5% 

Mixed 40 29 severe 72.5% 

a Control set of fishes were intramuscularly injected with sterile saline 
s~spension 
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Comparative mortality of three species of air 
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4.1.2. Histopathology of experimentally infected fish Heteropneustes 

fossilis 

Healthy fishes (Heteropneustes fossi/is) each weighing about 10 to 15 
WC'I'f. 

gms~inoculated by intramuscular injection with 0.85% saline suspension of R1, 

R2 and R3 bacteria in pure and mixed condition. The concentration of bacterial 

suspensions was 1x107 cfu I mi. Twenty fishes were injected with each bacterial 

suspension and the mixed suspension. The control set of twenty fishes received 

0.05 ml sterile saline solution. Inoculation techniques are described in materials 

and methods. The fishes were observed daily for appearance of symptoms. 

Initial symptoms appeared as small reddish swellings at the site of injection 

within 24 hours of inoculation. The lesion gradually grew in size and in some 

fishes, the surface layer of the skin was eroded. The first mortality was recorded 

after 48 hours. After 72 hours, two fishes each inoculated with R1 and R3 and 3 

fishes inoculated with R2 were found dead. At least some fishes in each 

aquarium having ulcers at the site of injection were found to be moribund. At this 

stage, the moribund fishes from each aquarium were taken out and sacrificed 

daily for histological studies till the 7th day. In the control set, no disease 

symptom appeared in any fish and no mortality was recorded. Two fishes from 

this set were also sacrificed and their tissues were processed for comparison 

with the diseased fishes. 

Histological sections were prepared and stained with Giemsa and 

Hematoxylene - Eosin stain. The sections from all diseased fishes showed 

various degrees of histopathological changes after inoculation with saline 

suspensions of mixed and pure R 1, R2 and R3 bacteria. Giemsa stained 

sections showed presence of bacteria. No changes were noticed in the sections 

of liver and kidney of the control set of fishes (Figs. 20a and 21a). 

Ulcer 

Histological observations of ulcers of fishes treated with a mixed 

bacterial suspension of R 1, R2 and R3 showed complete loss of epidermis and 

scale. There was inflammatory infiltration and areas of haemmorrhage at the 

centre of the lesion. The dermis became highly fibrous with infiltration of blood 
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capillaries. Inflammatory and necrotic changes were also found in the affected 

area of the dermis. A nectrotic granulomatous response with cloudy 

degeneration of the muscle fibres was observed. In some areas, the underlying 

musculature became necrotic with wide separation of individual bundles. In 

fishes injected with sterile saline suspensions of R1, R2 and R3, changes with 

cloudy degeneration were observed in the muscle layer. The dermis became 

fibrous and showed inflammatory changes (Figs. 19a-19d). Giemsa stained 

sections revealed presence of rod shaped bacteria in the muscle layer beneath 

the skin in all the affected fishes. 

Liver 

Observation of histological sections of the liver of the fishes treated with 

a mixed bacterial suspension revealed vacuolation, necrosis and infiltration of 

blood capillaries. Focal necrosis were also observed (Fig. 20e). Highly 

vacuolated hepatic cells and chord like arrangements with enlarged sinusoids 

were also observed in some regions. The liver of fishes injected with R2 and R3 

showed vacuolation, necrotic changes and infiltration of blood capillaries (Figs. 

20c and 20d). Vacuolations in the hepatocytes were observed in fishes treated 

with R1, but the degree of pathological changes were comparatively less (Fig. 

20b). Bacteria were seen in the liver of all affected fishes. 

Kidney 

In the kidney of fishes treated with a mixed culture, tubular degeneration 

and vacuolation of tubular cells were the prominent changes. Necrotic changes 

in certain hematopoetic regions and hemorrhages were also seen. Vacuolation, 

tubular degeneration and necrosis in some regions were also observed in fishes 

treated with R2 and R3 (Fig 21b). R1 treated kidney showed vacuolation of 

tubular cells and necrosis in some regions. Haemosiderin laden macrophages 

were seen in the kidney sections of all infected fishes (Fig. 21c). Presence of 

bacteria was also observed in the Giemsa stained sections of all affected fishes. 



Plate VII 

Fig. 19 a. Section of ulcer showing loss of epidermis and early granulomatous 

changes in the dermal and subdermal layers in Heteropneustes 

fossilis after intramuscular injection with R2 (fluoresent 

Pseudomonad). (x400) (H-E). 

Fig.19b. 

Fig. 19 c. 

Section of ulcer showing infiltration of blood cappillaries and 

degenerative changes in H. Fossilis after intramuscular injection 

with R2 (fluoresent Pseudomonad). (X400) (H-E). 

Showing Muscle necrosis and granulomatous response in H. 

fossilis after intramuscular injection with R3 (Aeromonas caviae). 

(x400) (H-E). 

Fig. 19 d. Granulomatous response in the muscle of H. fossilis injected with a 

mixed bacterial suspension of R1, R2 and R3. (x 400) (H-E). 





Plate VIII 

Fig. 20. a. Showing a section of liver of Heteropneustes fossilis injected with 

Fig. 20 b. 

Fig. 20 c. 

Fig. 20 d. 

Fig. 20 e. 

sterile saline suspension (Control) (x400). (H-E) 

Section of liver of H. fossilis showing infiltration of blood 

cappillaries 72 hours after intramuscular injection with R 1 

(fluoresent Pseudomonad) (x400). (H-E) 

Section of liver of H. fossilis showing infiltration of blood 

cappillaries and vacuolation of hepatocytes 72 hours after 

intramuscular injection with R2 (fluoresent Pseudomonad) 

(x400) (H-E) 

Section of liver of H. fossi/is showing vacuolation of hepatocytes 

72 hours after intramuscular injection with R3 (Aeromonas 

caviae) (x400) . (H-E) 

Section of liver showing necrotic changes 72 hours after injection 

with a mixed suspension of R1 , R2 and R3. (x400). (H-E) 





Fig. 21 . a. 

Fig. 21 b. 

Fig. 21 c. 

Plate IX 

Showing a section of kidney of Heteropneustes fossilis injected 

with sterile saline suspension (Control) (x500) . (H-E) 

Section of kidney of H. fossilis showing haemosiderin laden 

macrophages, tubular vacuolation and blood cappillary 

infiltration 72 hours after intramuscular injection with R2 

(fluoresent Pseudomonad) (x400). (H-E) 

Section of kidney of H. fossilis showing haemosiderin laden 

macrophages and necrotic changes in the tubules 72 hours after 

intramuscular injection with a mixed suspension of R1 , R2 

(fluorescent Pseudomonads) and R3 (Aeromonas caviae) . (x400). 

(H-E) 
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4.1.3. Effect of the three pathogenic bacteria on morphology of 

erythrocytes, Total Erythrocyte Count and Haemoglobin content 

of H. fossilis 

The decline in erythrocyte count followed by drop in haemoglobin content 

and hematocrit values indicated anaemic condition in the EUS affected fishes 

(Das and Das, 1993; Pathiratne and Rajapakshe, 1995). In view of these 

findings, it was necessary to ascertain whether these blood parameters varies in 

experimentally infected fish as it does in naturally infected fish. 

Healthy fishes (H. fossilis), weighing 10 to 15 gms were inoculated by 

intraperitoneal injection with the three bacterial saline suspension of R 1 , R2 and 

R3 in pure and mixed form. Each bacterial suspension were injected to 40 

fishes. The concentration of the bacterial suspensions was 1x107 cfu I mi. The 

control set of 40 fishes received sterile saline solution. Blood was collected 

immediately after inoculation from five fishes of each set and TEC and Hb 

content of five fishes from individual sets of bacterial infection was determined 

after 24, 48, 72, 96, 120 and 144 hours. Blood smears were prepared from 

fishes of each set and after staining, the slides were observed under the 

microscope. The methodologies followed are described under materials and 

methods. The results obtained are given in table 6 and 7 and graphically 

represented in Figs. 22 and 23. 

Changes in the morphology of the erythrocytes 

Erythrocyte morphology in all sets of fishes (infected and control) was 

observed after 72 hours of infection. The shape of the erythrocytes of the 

control set of fishes was oval. Round shaped erythrocytes with vacuolation in 

the cytoplasm were observed in all the infected fishes. Rod shaped bacteria 

were also observed in the blood smears from experimentally infected fishes 

only. Disintegration of erythrocytes were noted in all the infected fishes, 

however, the degree of disintegration was very high in the fishes treated with 

mixed bacterial suspension. Here, majority of the cells were found to be either 

totally disintegrated or partially disintegrated and nuclear shadows were seen in 

large numbers. Vacuolation of both the cytoplasm and the nucleus was 
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observed in intact cells. In some portions the shape erythrocytes were totally 

distorted.ln the fishes treated with pure bacterial suspension, some 

disintegrated erythrocytes could be seen. All the RBCs were either round or their 

shapes were distorted due to swellings. 

Changes in Total Erythrocyte Count and Haemoglobin Content 

Fishes experimentally infected with mixed bacterial suspension of R 1, R2 

and R3 showed a significant decrease in TEC and Hb Content after 48 

hours(P<0.01) and 72 hours (P<0.01) of inoculation respectively. Erythrocyte 

count in fishes treated with a mixed bacterial suspension was 3.15 x 106 ± 0.092 

I mm3 at 0 hr. After 48 hrs of inoculation it reduced to 2.52 x 106 ± 0.036 lmm3 

(P< 0.01), and after 72 hrs it reduced to 2.05 x 106 ± 0.091 I mm3 
( P<0.01 ). 

After 144 hrs TEC was found to be 1.43 x 106 ± 0.067. On the other hand, the 

Hb content after 48 hours, was reduced to 14.24 ± 0.14 gm 1100 ml from 16.25 

± 0.12 gms 1100 ml at 0 hr ( P<0.01 ). After 72 hrs, the Hb content reduced to 

13.65 ± 0.13 gms 1100 ml and finally to 12.28 ± 0.09 gm 1100 ml after 144 hrs 

of inoculation. 

Decrease in TEC and Hb Content was also noted in experimentally 

infected fishes with pure bacterial suspensions of R1, R2 and R3. Significant 

decrease (P< 0.05) in TEC were observed after 48 hours of inoculation by all 

the three bacteria. Similarly significant decrease (P<0.01) in Hb content of fishes 

treated with R3, R2 and R1 was noted at 48, 72 and 144 hrs. after inoculation 

respectively. TEC in fishes treated with sterile saline solution were 3.13 x 106 ± 

0.074 I mm
3 

after 0 hr and 3.09 x 106 ± 0.06 I mm3 after 144 hrs of injection. 

Similarly Hb Content of the control set of fishes were 16.40 ± 0.08 gms 1100 ml 

and 15.92 ± 0.10 gms I 100 ml at 0 hr and after 144 hrs of injection 

respectively. 



Table 6 : Total erythrocyte count (TEC) (x106 I mm3 t of control and experimentally infected fishes (Heteropneustes 
fossilis) with mixed and pure saline suspensions of R1, R2 and R3 bacteria. 

Hours after inoculation 

0 24 48 72 96 120 144 

Controlb 3.13 ± 0.074 3.06 ± 0.068 3.12 ± 0.061 3.16 ± 0.07 . 3.09 ± 0.058 3.14 ± 0.071 3.09 ± 0.06 

R1 3.16 ± 0.075 2.91 ± 0.04 2.74 ± 0.055 2.48 ± 0.061 2.31 ± 0.069 2.21 ± 0.059 2.14 ± 0.049 

R2 3.09 ± 0.069 2.86 ± 0.057 2.68 ± 0.055 2.37 ±0.094 2.22 ± 0.071 2.11 ± 0.073 1.97 ± 0.081 

R3 3.08 ±0.089 2.97 ± 0.043 2.67 ± 0.08 2.42 ± 0.063 2.15 ± 0.074 2.05 ± 0.045 1.93 ± 0.071 

M~ 3.15 ± 0.092 2.94 ± 0.047 2.52 ± 0.036 2.05 ± 0.091 1.72 ± 0.093 1.64± 0.088 1.43 ± 0.067 
---------···- -- ··-- - - - - - - - - - - - - ·- - ----------

a Data represent the mean ± SD values of five replications of each treatment. 

b Control set received intraperitoneal injection of 0.5 ml/100gm body weight of sterile saline (0.85% NaCI) solution. 

c M : JV1{11ett 

I 
I 
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Table 7 : Haemoglobin content (grams /100 mit of fishes (Heteropneutes tassilis), experimentally infected with pure and 
mixed saline suspension of R1, R2 and R3 bacteria. 

Hours after inoculation 

0 24 48 72 96 120 144 

Controlb 16.40 ± 0.08 16.54 ± 0.11 15.84 ± 0.09 16.25 ± 0.06 16.38± 0.09 16.15 ± 0.14 15.92 ± 0.10 

R1 16.58 ± 0.11 15.54 ± 0.13 15.06 ± 0.08 14.66 ± 0.12 14.48 ± 0.15 13.96 ± 0.07 13.78 ± 0.11 

R2 16.16 ± 0.07 15.22 ± 0.05 14.85 ± 0.07 14.55 ± 0.09 14.25 ± 0.11 13.52 ± 0.08 13.41 ± 0.04 

R3 15.85 ± 0.08 15.48 ± 0.09 14.88 ± 0.11 14.48 ± 0.06 14.17 ± 0.10 13.65 ± 0.12 13.52 ± 0.09 

Mt 16.25 ± 0.12 15.42 ± 0.16 14.24 ± 0.14 13.65 ± 0.13 13.27 ± 0.16 12.94 ± 0.04 12.28 ± 0.09 

a Mean of five independent experiments± SO. 

b Control set received intraperitoneal injection of 0.5 ml/100gm body weight of sterile saline (0.85% NaCI) solution. 

c M ::; M;I(~J.. 

I 
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4.1.4. Studies on some virulence associated characters of R1, R2 and 

R3 

Bacteria bring about pathogenic effect especially due to the action of 

various extracellular lytic enzymes (Schaperclaus, 1986). which may be 

detected in the growth medium of the bacteria when cultured in suitable media. 

Various authors have reported different virulence associated characters of 

Aeromonas sp. (Mittal et a/, 1980; Wakabayashi et a/, 1981; Ljungh and 

Wadstrom, 1982; Santos eta/, 1996) and Pseudomonas sp. (Morihara, 1963; 

Liu, 1957; Volf and Havelka, 1965; Schaperclaus, 1965; Wakabayashi and 

Egusa, 1972). Since, these bacteria show a wide variation in their pathogenicity 

to fish ( Schaperclaus, 1986; Karunasagar et a/, 1995), it is etiologically 

important to study their biochemical characteristics in relation to their virulence. 

Thus it was considered worthwhile to test the presence of various extracellular 

products in the culture media of the three pathogenic bacteria, two 

Pseudomonads (R 1 and R2) and the Aeromonad (R3, Aeromonas caviae) 

associated with EUS. The results obtained (Table 8) show that all the bacteria 

exhibited virulence properties. 

Table - 8 : Presence of extracellular virulence factorsa in the three 
pathogenic bacteria R1, R2 and R3 

Bacterial isolates 
Virulence factor 

R1 R2 R3 

gelatenase + + + 

caseinase + + + 

Lecithinase + + + 

Lipase + + + 

Haemolysin + + + 

a Methods for detecting the extracellular virulence factors are described under 

materials and methods. 
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Gelatenase production tests showed that all the three bacteria were able 

to produce gelatenase. All were able to produce caseinase in skimmed milk 

agar. All the three bacteria produced haemolysins as was indicated by clear 

zones around bacterial growth in tryptic soya agar containing 2% fish blood. All 

the bacteria were capable of producing lecithinase as indicated by an opaque 

zone formed around the colonies in lecithovitellin agar media. Lipolytic activity 

was also exhibited by all the bacteria in Tween 80 agar plates. 

4.1.5. Detection and partial purification of extracellular virulence factors 

of R1, R2 and R3 

Earlier results showed that extracellular lytic enzymes were secreted by 

the bacteria into the culture medium (Table 8). Hence the bacteria free culture 

medium after the growth of bacteria which contained the extracellular products 

(ECP) was collected. The procedure is described under materials and methods. 

Assay of the extracellular products showed that R1, R2 and R3 produced 2.1 

PU/ml, 2.75 PU/ml and 3.05 PU/ml of protease activity. Their respective specific 

activities were 1.842 PU/mg, 2.148 PU/mg and 1.871 PU/mg. 

The amounts of haemolysin produced were 32.74 HU/ml, 35.63 HU/ml 

and 41.44 HU/ml by R1, R2 and R3 respectively which gave respective specific 

activities of 26.8 HU/mg, 27.83 HU/mg and 26.91 HU/mg (Table 9). 

4.1.5.1. Induction of ulcer by cell free culture filtrates 

The culture filtrate was used as an inoculum for intramuscular injection to 

healthy A. testudineus weghing 20 to 25 gms approximately (dose: 0.5 ml/100 

gm body weight). 0.1 ml of the culture filtrates of each bacteria were injected to 

10 fishes, the control set received boiled culture filtrates of the bacteria. The 

fishes were kept under observation for 15 days. 0.1 ml of the inoculum 

contained 0.21 units of proteolytic activity and 3.056 units of haemolytic activity 

in case of R1, 0.275 units of proteolytic activity and 3.563 units of haemolytic 

activity in case of R2 and 0.305 units of proteolytic activity and 4.144 units of 

haemolytic activity in case of R3. The amount of protein in 0.1 ml of the 
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inoculum was 114 p.g, 128 p.g and 163 p.g in case of R1, R2 and R3 respectively 

(Table 9). 

Table 9 : Protease and haemolysin production and LD 5o values of the 

three pathogenic bacteria R1, R2 (fluorescent pseudomonads) and R3 

(Aeromonas caviae) present in the culture filtrate a 

Bacteria Enzyme activity Protein LDso 
(units I ml) (mg I ml) (c.f.u.) 

Protease Haemolysin 
(PU/ml)b (HU/mlt 

R1 2.1 30.56 1.14 9.97 X 105 

R2 2.75 35.63 1.28 4.45 X 105 

R3 3.05 41.44 1.63 6.29 X105 

a : Culture filtrate was obtained by filtering 48 hr bacterial culture in BHI broth 
through G5 sintered filter 

b P.U. = Proteolytic units= Absorbance at 440 nm x dilution factor 

c : H.U. = Haemolytic units = Absorbance produced by 0.8 ml of sample 
volume in the standard assay as described under materials and methods 

Eighty percent of the fishes injected with culture filtrates of R2 and R3 

and 65% of the fishes injected with culture filtrates of R1 manifested external 

signs of the disease within 24 hours of inoculation (Fig. 24). The control set of 

fishes showed no signs of the disease. The development of ulcers in the 

infected fishes was similar to that induced by bacterial suspension. The area 

around the injection site turned reddish, which gradually swelled and increased 

in size. After 48 hrs, the scales at the site of ulcer fell off and the surface layer 

of the skin was eroded. Thus moderate ulcers developed at the site of injection. 



Plate X 

Fig. 24. Anabas testudineus showing haemorrhage at the site of injection 24 

hours after intramuscular injection with culture filtrates of : 

a. R 1 (fluorescent Pseudomonad), 

b. R2 (fluorescent Pseudomonad) and 

c. R3 (Aeromonas caviae). 



.. 
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Mortality rate was 40% in fishes treated with R3, 40% in fishes treated with R2 

and 30% in fishes treated with R1 (Table 10). 

Table 10: Percentage mortality and nature of ulcer formation in Anabas 
testudineus injected with cell free culture filtrates of R1, R2 and R3. 

Number of fishes Number of fishes Nature of ulcer Percentage 
inoculated dead mortality 

Controla 20 0 - -

R1 20 6 moderate 30.0% 

R2 20 8 moderate 40.0% 

R3 20 8 moderate 40.0% 

a Control set of fishes received boiled culture filtrates of the bacteria. 

4.1.5.2. Partial purification of extracellular virulence factors 

"\ The culture filtrate containing the ECP was subject to preciRitation 
soli.cl(SO/.) (ppt..oUss.ol"ed.. ~ O·I(H) TYtS·Hc.!bu.={\e-r,ptl-1·4) 

withAammonium sulphateAand gel filtration and results of the elution (Figs. 25, 26 

and 27) showed presence of two major peaks in the culture filtrates of all the 

three bacteria. In case of R 1 and R2, the first peak showed neither haemolytic 

nor proteolytic activity nor toxic activity. In case of R3, the first peak showed very 

low proteolytic activity and no haemolytic activity or toxic activity. The second 

peak of all the three bacteria showed proteolytic activity, however, the activity 

was higher in the Aeromonas (R3) than the two Pseudomonads (R1 and R2). 

Among the Pseudomonads, R 1 had a lower proteolytic activity than R2. The 

haemolytic activity was associated totally with the second peak of all the three 

bacteria. R1 had lower haemolytic activity in comparison to R2 and R3 where 

the activities were almost similar. Pooled fractions of the second peak of all the 

three bacteria were concentrated by polyethylene glycol and injected 

intramuscularlly to healthy A. testudineus. It was found to be toxic as it produced 
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Sephadex G 200 filtration of extracellular 
products of the pathogenic bacteria, R1 

(fluorescent Pseudomonad) 
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Sephadex G 200 filtration of extracellular 
products of the pathogenic bacteria R2 

(fluorescent Pseudomonad) 
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Sephadex G 200 filtration of extracellular 
products of the pathogenic bacteria R3 

(Aeromonas caviae) 
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reddish swellings with haemorrhages at the site of injection. The purification 

procedure gave about 12 to 15% recovery of haemolytic activity and 35 to 39% 

recovery of proteolytic activity. 

4.2. Studies on fishes affected by epizootic ulcerative syndrome obtained 

from natural sources and isolation of microorganisms present in the lesion. 

The three pathogenic bacteria R1, R2 and R3 were isolated from 

affected air breathing fishes in the northern districts of West Bengal in 1990 (Pal 

and Pradhan, 1990). At that time fungus or any other pathogenic organism were 

not found to be present in the ulcer region of the affected fishes. However, 

during the course of this study, there were some reports of fungus involvement 

in the disease causing secondary infections in EUS affected fishes from Indian 

waters (Mohan and Shankar, 1994). Besides, there was a heavy outbreak of the 

disease in the southern districts of West Bengal affecting mainly Channa spp., 

Puntius spp. and Mystus spp. Pal (1996, 1997) reported outbreaks of the 

disease in the northern districts every year since its first occurrence in 1988. 

Under these circumstances it was considered worthwhile to study the pacterial 

and fungal species that may be present at the site of the ulcerative lesion of 

affecte~ fishes in both North and South Bengal regions. 

4.2.1. Observations on the external pathological condition of the diseased 

fishes 

EUS affected fishes, Clarias batrachus, Channa punctatus, Anabas 

testudineus, Heteropneustes fossi/is and Colisa fasciata were obtained from 

parts of Darjeeling, Jalpaiguri and Coochbehar districts in North Bengal as 

stated under materials and methods. All fishes showed lesions on their body 

surface (Figs. 28-34). Some fishes (C. batrachus and A. testudineus) were kept 

in glass aquaria meassuring 90 x 35 x 35 ems in which the depth of static water 

was 20 to 25 em. Water temperature was maintained at 28-30°C. The fishes 

which died were removed immediately and preserved in formalin solution. 

The affected fishes could be classified into three stages. In the first 

stage, the fish showed small red spots on the skin, measuring about 3 to 4 mm 
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in diameter in one or two areas with discolouration of the skin around those 

spots. In fish with scales only the mucous layer was affected in the first stage 

and the scales were found to be almost intact (Figs. 29). 

In the second stage, the red spots grew in size, took a circular to oval 

shape measuring 5 to 20 mm in diameter. In the scaly fishes, the scales of the 

affected area were lost at this stage. The skin at the affected site was eroded 

along with a portion of the under1ying muscle (Figs. 30 and 31). A change in the 

normal swimming pattern was noticed at this stage. The fishes became sluggish 

with irregular opercular movement . 

In the third stage, the lesions systematically grew bigger and became 

deep and haemorrhagic. These advanced lesions were large (20 to 40 mm in 

diameter), edematous, necrotic open ulcers exposing the under1ying skeletal 

musculature (Figs. 28, 32, 33 and 34). The tails were sometimes affected and in 

severe cases, the peduncle portion was totally eroded. The fish at this stage 

showed very little movement. They mainly remained motionless near the surface 

making 45° to 90° angle of their body to the surface of water with their head 

directed upward. 

Altogether 52 A. testudineus and 35 C. batrachus were brought to the 

laboratory and kept in glass aquaria for further observation. Of these, only 7 A. 

testudineus and 3 C. batrachus survived after 15 days of observation. 

4.2.2. Histopathological studies of the EUS affected fishes 

Some of the naturally affected fishes of the four air breathing species 

were sacrificed and portions of ulcer, liver and kidney were processed for 

histopathoogical observation. Blood was also collected and smear preparations 

were stained and observed under the microscope. In all the infected fishes 

various histopathological changes in the ulcer, liver and kidney were detected. 

Ulcer 

Histological sections of the severe ulcers showed total loss of the 

epidermis and scales. The dermis was lost in very severe cases. In most cases 

the dermis became highly fibrous with inflammatory infiltration and necrosis in 

the affected areas. In the muscle fibres, a necrotic granulomatous response was 



Fig. 28. 

Fig. 29. 

Fig. 30. 

Plate XI 

Naturally infected Anabas testudineus showing skin lesion with 

affected tail fins. 

Naturally infected Channa punctatus showing small red spots (initial 

superficial ulcers) on the body. 

Naturally infected Clarias batrachus showing ulcers near the tail 

region. 





Fig. 31 . 

Fig. 32. 

Fig. 33. 

Fig. 34. 

Plate XII 

Naturally infected Co/isa fasciata showing ulcer near the eye. 

Naturally infected Heteropneustes fossi/is showing infection near the tail 

region. 

Naturally infected Heteropneustes fossi/is showing infection near the tail 

region. 

Naturally infected Channa punctatus showing ulcer in the body. 
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the major change (Fig. 35a-35e}. Giemsa stained sections showed presence of 

bacteria in the muscle layer beneath the skin. 

Liver 

Histological observation of the liver showed that the normal architechture 

of the liver was lost in some regions. There was vacuolation in the hepatocytes 

(Fig. 36a) and in some regions, the hepatocytes were arranged in a chord like 

arrangement with enlarged sinusoids. Infiltration of blood capillaries were 

observed in some regions {Fig. 36b). Giemsa stained sections showed presence 

of bacteria in the liver of the affected fishes. 

Kidney 

Microscopic observation of the kidney sections of naturally infected 

fishes revealed severe changes in the renal tubules. Tubular breakage, tubular 

necrosis and vacuolation of tubular cells were the most frequent changes (Fig. 

37). Accumulation of haemosiderin laden macrophages and necrosis was seen 

in the haematopoietic regions. Haemorrhages in some regions were also 

detected. Sections stained with giemsa showed presence of bacteria in the 

kidney of affected fishes. 

Blood 

Smear preparations of blood from infected fishes showed rounded cells 

with vacuolation in the cytoplasm. Perinuclear hallow was found in some cells. 

Nuclear shadows of erythrocytes (disintegrated erythrocytes) were found to be 

present in large numbers (Fig. 38}. Presence of bacteria was detected in some 

regions. 

4.2.3. Isolation of bacteria and their characterization 

Only bacteria were isolated from all fishes from Midnapur district of West 

Bengal. Fungus or any other agent was not detected in the smear preparation of 

the lesions of the affected C. punctatus, Mystus sp. and Puntius sp. obtained 

from this region. Presence of fungus was detected only in one fish (C. 



Plate XIII 

Fig. 35 a, b. Sections through ulcer showing highly granulomatous and necrotic 

changes in the muscle of naturally infected Heteropneustes 

tassilis. (x200) (H-E). 

Fig. 35 c. Necrotic and degenerative changes in the subdermal and muscle 

layers of the naturally infected H. tassilis. (x200) (H-E). 

Fig. 35 d. Showing degenerative changes in the muscle of naturally affected 

H. tassilis. (x400) (H-E). 

Fig. 35 e. Showing necrotic changes in the muscle of naturally affected H. 

fossilis. (x400) (H-E). 





Plate XIV 

Fig. 36. a. Section of liver of naturally infected H. fossilis showing infiltration of 

blood cappillaries (x200) (H-E). 

Fig. 36 b. Section of liver of naturally infected H. fossilis showing vacuolation 

Fig. 37. 

Fig. 38. 

of hepatocytes (x200) (H-E). 

Section from kidney of naturally infected H. fossilis showing 

haemosiderin laden macrophages (arrow) and tubular necrosis. 

(x400) (H-E). 

Blood smear from naturally infected H. fossilis showing 

degeneration of erythrocytes (x200) (H-E) . 
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batrachus} obtained from the Sonapur region in the Da~eeling district of North 

Bengal. 

The bacteria isolated from the lesions of the affected fishes were 

characterized by various biochemical tests which are described in details under 

materials and methods. R1, R2 and R3 were included as control strains. Six 

types of bacteria were isolated from the skin lesions of C. punctatus (Table 13 

and 14}, five types of bacteria were isolated from the skin lesions of Mystus sp. 

(Table 15 and 16) and five types of bacteria were isolated from the ulcer of 

Puntius sp. (Table 17 and 18). Results of the morphological observations and 

biochemical tests of R1, R2 and R3 are shown in Table 11 and 12. 

Among the isolates of C. punctatus, four belonged to the genus 

Pseudomonas and among the rest two, one belonged to the genus Bacillus and 

the other belonged to the genus Aeromonas. Among the isolates of Mystus sp. 

three belonged to the genus Aeromonas, one was found to be Moraxella sp. 

and the remaining one belonged to the genus Pseudomonas. Among the 

isolates of Puntius sp. one belonged to the genus Micrococcus, another one 

belong to the genus Pseudomonas and the rest were identified as motile 

Aeromonas sp. The results of some biochemical tests are shown in Figs. 39a, b 

and c. A total study on the bacterial isolates reveales that Pseudomonas and 

Aeromonas were the most common bacteria present in the ulcers (Table 19, 

Figs. 40 a, band c). 
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Table 11. Morphological characteristics of the three bacteria R1, R2 

(fluorescent Pseudomonads) and R3 (Aeromonas caviae) isolated from 

ulcers of epizootic ulcerative syndrome affected air breathing fishes. 

Bacterial isolates 

R1 R2 R3 

Shape Rod Rod Rod 

Occurrence Singles, pairs, Singles, pairs, Singles, pairs, 

chains chains chains 

Size 2.2-2.7 X 1.8-2.2 X 1.8-2.7 X 

0.68-0.75 ~ m 0.68-0.72 ~m 0.65-0.68 ~m 

Spore -* - -

Agar colonies Circular, smooth, Circular, smooth, Circular, smooth, 

slightly convex slightly convex convex 

Culture in NB Turbid with pellicle Turbid with pellicle Turbid 

and sediments and sediments 

* -=absent 
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Table 12. Biochemical characteristics of the three bacteria R1, R2 

(fluorescent pseudomonads) and R3 (Aeromonas caviae) isolated from 

ulcers of epizootic ulcerative syndrome affected air breathing fishes. 

Bacterial isolates 

R1 R2 R3 

Gram - - -
reaction 

Motility + + + 

Growth at: 

25°C m m m 

30°C g g g 

37°C g g g 

42°C n m n 

Indole - - -
production 

M-R - - -
V-P - - -
Nitrate - + + 

Gas from - - -
glucose 

Oxidase + + + 

Catalase + + + 

Gelatin + + + 
hydrolysis 

0-F test 0 0 F 

Contd. 
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Table 12 (Contd.) 

Bacterial isolates 

R1 R2 R3 

Acid from: 

glucose + + + 

Fructose + + + 

L-Arabinose - + + 

Sorbitol - - -
Sucrose + - + 

m-inositol + - -
Mannitol + + + 

Adonitol - - -
Levan from + - -
sucrose 

Arginine + + + 
hydrolysis 

H2Sfrom - - -
cystein 

Citrate + + + 
utilization 

Pigment +a +a -formation 

* : + = positive; - = negative; g = good growth; m = moderate growth; n = no 

growth; 0 = Oxidative; F = Fermentative 

a greenish yellow diffusible pigment produced in King's 8 medium 
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Table 13. Morphological characteristics of bacteria isolated from ulcers of 

Channa punctatus* 

Bacterial isolates 

-----. ·---- -··· ---····-- --· ... ----- . --- -····---···--- ····--· ---~--- -- ·------·· ----- .. ··------------- ------·---

A01 801 P01 P02 P03 P04 
. ---- ···------ .. --------------- - --------------------- .. --- ··---·· -----·---- .. ----- ··----- ------- ----- --- -------- ----- ------ ---~---·- ---· --- ·-·· ·---- ------- ··-----. ·----· -------

Shape Rod Rod Rod Rod Rod Rod 

Occurrence Mostly in Singles, Singles, Singles, Singles, Singles, 

singles pairs, pairs, pairs, pairs, pairs, 

chains chains chains chains chains 

Size 2.7-3.5x 2.0-2.5x 2.0-2.5x 2.5-3x 2.2-0.3 

0.75-0.8 0.75-0.8 0.75-0.8 0.7-0.8 x0.7-

llm llm llm !lm 0.8 

llm 

Spore + 

Agar Circular, Circular, Circular, Circular, Circular, Circular, 
colonies smooth, smooth, smooth smooth smooth smooth 

convex convex flat flat flat flat 

Culture in Turbid Turbid Turbid Turbid Turbid Turbid 
NB with with with with with 

pellicle pellicle pellicle pellicle pellicle 
and 

sediments 

* · + = present; - = absent 
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Table 14 : Biochemical characteristics of bacteria isolated from ulcers of 

Channa punctatus* 

Bacterial isolates 

A01 801 P01 P02 P03 P04 

Gram - + - - - -
reaction 

Motility + + + + + + 

Growth at: 

25°C m m m m m m 

30°C g g g g g g 

37°C g g g g g g 

42°C n m n n n n 

Indole + - - - - -
production 

M-R + - - - - -
V-P + - - - - -

Nitrate + + + + - -

Gas from + - - - - -
glucose 

Oxidase + + + + + + 

Catalase + + + + + + 

Gelatin + + + + + + 
hydrolysis 

0-F test F 0 0 0 0 0 

Contd. 
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Table 14 (Contd.) 

Bacterial isolates 

A01 801 P01 P02 P03 P04 

Acid from: 

glucose + + + + + + 

Fructose + + + + + + 

L-Arabinose + + + + + + 

Sorbitol - - + - + + 

Sucrose + + + + + + 

m-inositol - - + - - + 

Mannitol + + + + + + 

Adonitol - - - - - -
Levan from - - - - + + 

sucrose 

Arginine + - + + + + 
hydrolysis 

H2Sfrom + - - - - -
cystein 

Citrate + - + + + + 
utilization 

Pigment - - +a +b +b +b 

formation 

* : + = positive; - = negetive; g = good growth; m = moderate growth; n = no 

growth; 0 =Oxidative; F =Fermentative 

a reddish brown diffusible pigment produced in King's B medium 

b greenish yellow diffusible pigment produced in King's B medium 
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Table 15. Morphological characteristics of bacteria isolated from ulcers of 

Puntius sp.* 

Bacterial isolates 

A02 A03 A04 C01 P05 

·-- - . ---- ----~----- ----·--- -~--· ·--· 

Shape Rod Rod Rod Sphere Rod 

Occurrence Mostly in Mostly in Mostly in Singles, Singles, 
singles singles singles pairs, pairs or in 

tetrads or chains 

in irregular 

clusters 

Size 2.5-3.2 X 2.5-3.0x 2.8-3.2x 1.2-1.6 m 2.5-3.0 X 

0.7-0.8 0.65-0.8 0.75-0.8 diameter 0.5-0.6 
rem rem rem rem 

Spore 

Agar Circular, Circular, Circular, Circular, Circular, 
colonies smooth, smooth, smooth smooth smooth 

convex convex convex convex slightly 

convex 

Culture in Turbid Turbid Turbid Turbid with Turbid with 
NB pellicle and pellicle and 

sediments sediments 
i---··- ---· ----- --~----· ---·--------- -·----··- --------~- ·---- -·-------·-·-------··--

* -=absent 
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Table 16. Biochemical characteristics of bacteria isolated from ulcers of 

Puntius sp. * 

Bacterial isolates 
. ·--~------- --~--- - - ·----- --------- -·-·-···--· ---------------~---~ - . - -- --~------ ------~-- --------

A02 A03 A04 C01 P05 

···<·· - --- ------·. ---· ·-- ---··· -----------

Gram + 

reaction 

Motility + + + + 

Growth at: 

25<t m m m m m 

30<t g g g g g 

37<t g g g g g 

42<t n n n n m 

Indole + + + 
production 

M-R w + + 

V-P + + 

Nitrate + + + w + 

Gas from + + + 
glucose 

Oxidase + + + + + 

Catalase + + + + + 

Gelatin + + + + + 
hydrolysis 

0-F test F F F 0 0 

Contd. 
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Table -16. (Contd.) 

Bacterial isolates 

A02 A03 A04 C01 P05 

Acid from: 

glucose + + + + + 

Fructose + + + + + 

L-Arabinose - + + - + 

Sorbitol - - - + -

Sucrose + + + + -
m-inositol - - - + -

Mannitol + + + + + 

Adonitol - - - - -

Levan from - - - - -
sucrose 

Arginine - + + - + 
hydrolysis 

H:zS from + + + - -
cystein 

Citrate + + + + + 
utilization 

Pigment - - - bright yellowish 
formation yellow green in 

colonies King's B 

medium 

* : + = positive; - = negative; g = good growth; m = moderate growth; n = no 

growth; 0 = Oxidative; F = Fermentative ; w .. we.o.k 
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Table 17. Morphological characteristics of bacteria isolated from ulcers of 

Mystussp."' 

Bacterial isolates 

f -- ----------------- ---- ----·----·--- ·-----------··----- --- ---··---- - ---- ------ ----- ·---- ·---· ----· -------------------- _, 

V01 AOS A06 M01 P06 

Shape Rod Rod Rod Rod Rod 

Occurrence Mostly in Singles, Singles, Singles, Singles, 

singles pairs or in pairs or in pairs or in pairs or in 

chains chains chains chains 

Size 2.6-3.0x 2.8-3.3x 2.5-3.0 X 1.5-1.7x 2.7-3.5x 
0.68-0.75 0.7-0.75 0.7-0.8 0.9-1.2 flm 0.75-0.8 

flm flm flm flm 

Spore 

Agar Circular, Circular, Circular, Circular, Circular, 
colonies smooth, smooth smooth smooth smooth, 

convex convex convex convex slightly 

convex 

Culture in Turbid Turbid Turbid Turbid with Turbid with 
NB with sediments pellide and 

sediments sediments 
.. -· -- ·- ---- -- -- ----·------- ------- --- --··-·-----· ···-·· --- --- -- - -- - - - --------- ---- -

* -=absent 
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Table 18. Biochemical characteristics of bacteria isolated from ulcers of 

Mystus sp. * 

l Bacterial isolates 

V01 A05 A06 M01 P06 

Gram 
reaction 

Motility + + + + + 

Growth at: 

25°C m m m m m 

30°C g g g g g 

37°C g g g g g 

42°C n n n n n 

Indole + + 
production 

M-R + + 

V-P + + 

Nitrate + + + 

Gas from + + 
glucose 

Oxidase + + + + + 

Catalase + + + + + 

Gelatin + + + + 
hydrolysis 

0-F test F F F 0 0 
~--~-... _____ j 

Contd. 
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Table -18. (Contd.) 

Bactrerial isolates 

V01 A05 A06 M01 P06 

Acid from: 

glucose + + + - + 

Fructose + + + - + 

L-Arabinose + + - - + 

Sorbitol - - - - + 

Sucrose + + + - + 

m-inositol - - - - + 

Mannitol + + + - + 

Adonitol - - - - -

Levan from - - - - -
sucrose 

Arginine + + + + + 
hydrolysis 

H;;S from - + - - -
cystein 

Citrate + + + - + 
utilization 

Pigment - - - - yellowish 
formation green in 

King's B 

medium 

*: +=positive; -=negative; g =good growth; m =moderate growth; n =no 

growth; 0 = Oxidative; F = Fermentative 



Plate :XV 

Fig. 39. Characterization of bacterial isolates by various biochemical tests: 

a. Utilization of citrate by isolates A01 (Aeromonas hydrophila) and P02 

(Pseudomonas sp.) indicated by change of colour of Simmon's Citrate 

medium from green to blue (C= Control). 

b. Hydrogen Sulphide production by isolates A01 (Aermonas hydrophila) 

and A04 (Aeromonas hydrophila) indicated by blackening of lead 

acetate paper placed below the cotton plug in Hajna's modified 

motility medium containing cystein. Isolate P06 {Pseudomonas sp.) 

showed negative result (C= Control). 

c. Formation of reddish brown pigment by isolate P01 (Pseudomonas 

sp.) in King's 8 medium (C= Control). 
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Table 19. Bacteria isolated from surface ulcers of naturally infected fishes. 

Type of Source fish No. of Isolate Total No. of 

Isolated strains numbers strains of 

bacteria isolated each type of 

bacteria 

Bacillus C. punctatus 1 801 1 

Aeromonas C. punctatus 1 A01 

Puntius sp. 3 A02,A03,A04 6 

Mystus sp. 2 A05,A06 

Moraxella Mystus sp. 1 M01 1 

Pseudomonas C. punctatus 4 P01, P02, 

P03,P04 
6 

Puntius sp. 1 P05 

Mystus sp 1 P06 

Micrococcus Puntius sp. C01 1 

Vibrio Mystus sp. V01 1 

4.2.4. Isolation of fungus 

Fungus could be detected in the smear preparation of only one fish C. 

batrachus. The fungus was isolated and its morphological features were 

examined after staining with cotton blue. It was very slow growing in both GPYA 

and PDA with very thin growing hyphae. The fungus was grown at 15 to 1 t'c. 
Considerable difficulty was faced during maintenance of the fungus because 

continuous growth was very unpredictable and sometimes the culture died 



Plate XVI 

Fig. 40.a. Phase contrast micrograph of isolate A01 (Aeromonas hydrophila). 

(x200) 

Fig. 40 b. Phase contrast micrograph of isolate A06 (Aeromonas sobria). 

(x200) 

Fig. 40 c. Phase contrast micrograph of isolate P06 (Pseudomonas 

sp.). (x200). 

Fig.41. a,b. Showing fungal mycelia isolated from ulcers of Clarias batrachus. 

(x200) (cotton blue). 
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without any apparant reason. Extreme precaution was taken in maintaining the 

fungal cultures and it was subcultured very often so that the culture was not lost. 

Under the microscope, the fungus from the fish tissue was 

aseptate and moderately wide with branchings (Figs. 41a and 41b). However, in 

culture it became much narrow particularly at the growing ends. In the fungus 

isolated from the fish tissue, the spores were arranged in a single row inside the 

zoosporangia. The zoospores were circular and were encysted. 

4.2.5. Pathogenicity test of the isolated bacteria in C. punctatus and H. 

tossilis and a comparison with the pathogenicity of R1, R2 and R3. 

Experimental induction of ulcer by the isolated bacteria was tried in C. 

punctatus and H. fossilis in comparison to R1, R2 and R3. Cell suspension of 

1x107 cells I ml of each isolate and R1, R2 and R3 in 0.85% saline were injected 

intramuscularlly to healthy C. punctatus and H. tassilis. Each bacteria were 

injected to 10 fishes. The fishes were observed for 15 days and mortalities if 

any, were recorded. 

It was found that among the 20 isolates, four Aeromonas strains and two 

Pseudomonas strains were able to induce ulcer in healthy fish, while the other 

isolates were nonpathogenic. (Table 20 and 21). However, the percentage 

mortality data revealed that the virulence of the pathogenic isolates were lower 

in comparison to R1, R2 and R3 (Figs. 42 and 43). 

The nature of ulcers produced by the pathogenic bacteria were graded 

as described in section 4.1.1.2.1. Accordingly, ulcers produced by isolate A07 

was recorded to be moderate while the rest of the isolates produced only 

superficial ulcers (Fig. 44a, b and c). The percentage mortality in C. punctatus 

induced by isolates A01, A02, A03 and A06 ·were 10%, 5%, 10%, 15%, 

respectively while that induced by P02 and P06 were 10%, and 0% respectively. 

The percentage mortality in H. fossilis induced by isolates A01, A02, A03 and 

A06 were 15%, 5%, 10%, 20%, respectively while that induced by P02 and P06 
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were 10%, and 5% respectively. No mortality was recorded in the rest of the 

inoculated fishes in both species even after 15 days of observation 

Table 20 : Percentage mortality and Nature of ulcer formation in Channa 
punctatus induced by the bacteria isolated from ulcers of C. punctatus, 
Mystus sp. and Puntius sp. 

Bacterial Number of fishes Number of fishes Nature of Percentage 
isolates inoculated dead• ulcer mortality 

Controlb 20 0 Nil 

A01 20 2 superficial 10% 

A02 20 1 superficial 5% 

A03 20 2 superficial 10% 

A06 20 3 superficial 15% 

P02 20 2 superficial 10% 

P06 20 0 superficial 0% 

a 
Total number of fishes dead after 15 days of inoculation with bacteria 

b Control set received intramuscular injection with 0.5 ml/100 gm body weight 

of sterile saline ( 0.85%NaCI) solution 
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Table 21 : Percentage mortality and Nature of ulcer formation in 
Heteropneustes fossills induced by the bacteria isolated from ulcers of C. 
punctatuus, Mystus sp. and Puntlus sp. 

Bacterial Number of fishes Number of fishes Nature of Percentage 
isolates inoculated dead8 ulcer mortality 

Controlb 20 0 Nil 

A01 20 3 superficial 15% 

A02 20 1 superficial 5% 

A03 20 2 superficial 10% 

A06 20 4 superficial 20% 

P02 20 2 superficial 10% 

P06 20 1 superficial 5% 

"~--·· --·---------- --------- ------ ··--- -· -·---------------~-- -- -----·------ -· ------·------· ----· ··------·------· -·-··-·---------·. ----

a 
Total number of fishes dead after 15 days of inoculation with bacteria 

b Control set received intramuscular injection with 0.5 ml/100 gm body weight 

of sterile saline ( 0.85o/oNaCI) solution 
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Pathogenicity of the isolated Pseudomonads and 
R1 and R2 

0 C. punctatus 

Bacterial isolates 
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Pathogenicity of the isolated Aeromonads and R3 

Bacterial isolates 

m C. punctatus 
• H. fossilis 

A06 



Fig. 44 a. 

Fig. 44 b. 

Fig. 44 c. 

Platexvn 

Channa punctatus showing superficial ulcer formation 72 hours 

after intramuscular injection with isolate A01 (Aeromonas 

hydrophila). 

Channa punctatus showing local haemorrhage 72 hours after 

intramuscular injection with isolate A06 (Aeromonas sobria). 

Channa punctatus showing superficial ulcer formation 72 hours 

after intramuscular injection with isolate P06 (Pseudomonas sp.) 
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4.2.6. In vitro Antibiotic susceptibilities of nineteen bacterial isolates from 

EUS affected fish. 

The antimicrobial susceptibility of all bacteria isolated during the 

present study from skin ulcers of diseased fishes and R 1, R2 and R3 were 

measured by the drug disc diffusion method in Mueller Hinton agar plates as 

described under materials and methods. The antibiotic sensitivity profile of 

bacterial isolates from Channa punctatus, Puntius sp. and Mystus sp. and that 

of R1, R2 and R3 are listed in tables 22, 23, 24 and 25 respectively. 

The results showed that all Pseudomonads and Aeromonads 

were resistant to penicillin and ampicillin (Figs. 45 and 46). Bacillus sp. was 

resistant to ampicillin only (Fig. 47) while Micrococcus sp. was resistant to 

norfloxacin and nalidixic acid (Fig. 48) and Moraxella sp. was resistant to 

streptomycin and chloramphenicol. Vibrio sp. was susceptible to all the 

antibiotics tested. 

Among the pathogenic bacteria, R1, R2 (fluorescent 

Pseudomonads) and R3 (Aermonas caviae) were found to be resistant to 

ampicillin and penicillin. In addition R2 was resistant to co-trimoxazole and R3 

was resistant to co-trimoxazole and erythromycin (Table 26). The antibiotic 

resistance patterns of the pathogenic bacteria isolated from skin ulcers of C. 

punctatus, Puntius sp. and Mystus sp. show that all were resistant to penicillin 

and ampicillin. In addition the Aeromonads were resistant to erythromycin and 

P02 (Pseudomonas sp.) was resistant to Co-trimoxazole. Percentage resistance 

data showed that 84.21% of all the bacteria tested (both pathogenic and non 

pathogenic) were resistant to ampicillin, 78.95% were resistant to penicillin, 

52.63% were resistant to erythromycin and 36.84% were resistant to co

trimoxazole (Table 27). Thus penicillin, ampicillin, erythromycin and co

trimoxazole cannot be used as chemotherapeutic agents in treating fish ulcers. 

One non pathogenic Aeromonad (A04) isolated from ulcers of Puntius sp. 

showed multiple resistance to seven antibiotics including oxytetracycline (Fig. 

49). However, no other bacteria was resistant to oxytetracycline and it showed 

94.74% sensitivity among the isolates. Other effective antibiotics included 

kanamycin (100% sensitivity), chloramphenicol (94.74% sensitivity), norfloxacin 
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(94.74% sensitivity), amoxicillin (89.48% sensitivity), nalidixic acid (94.74% 

sensitivity) and streptomycin (94.74% sensitivity) (Table 27). A comparative 

data of the inhibition zones of the pathogenic Pseudomonads (Fig. 50) and 

Aeromonads (Fig. 51) against 5 commonly used antibiotics showed that 

oxytetracycline was particular1y effective against the Pseudomonads. In case of 

Aeromonads, it was one of the most effective antibiotics. The minimum inhibitory 

concentrations of R1 and R2 were 3.2 f.lg/ml and that of R3 was 6.4 f.lg/ml. 

Table 22 : Antibiotic sensitivity• of the bacteria isolated from Channa 
punctatus 

Antibiotics Bacterial Strains 
testedb 

A01 801 P01 P02 P03 P04 

Amoxicillin (30) R s s s HS HS 

Ampicillin (10) R R R R R R 

Chloramphenicol (30) HS s s s s HS 

Co-trimoxazole (25) s HS R R s s 
Erythromycin (15) R s R s R s 
Gentamycin (10) R HS HS HS HS HS 

Kanamycin (30) s HS HS HS HS HS 

Nalidixic acid (30) s s s s s HS 

Norfloxacin (10) s HS s HS HS HS 

Oxytetracycline (30) HS HS s HS HS HS 

Penicillin (10) R s R R R R 

Streptomycin (10) s HS HS HS HS s 

a Sensitivity tested by antibiotic disc diffusion in Mueller Hinton agar plates. 
S = Sensitive; HS = Highly Sensitive; R = Resistant. 

b Concentration of the antibiotic in f.lg I ml is given in the parenthesis. 
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Table 23 : Antibiotic sensitivity8 of the bacteria isolated from Puntius sp. 

Antibiotics Bacterial Strains 
testecf 

A02 A03 A04 C01 P05 

Amoxicillin (30) s s R HS s 
Ampicillin (10) R R R HS R 

Chloramphenicol (30) HS HS s HS s 
Co-trimoxazole (25) s s R HS R 

Erythromycin (15) R R R s R 

Gentamycin (10) R s R HS HS 

Kanamycin (30) s s s s HS 

Nalidixic acid (30) s HS s R s 
Norfloxacin (10) s HS s R s 
Oxytetracycline (30) HS HS R HS HS 

Penicillin ( 1 0) R R R s R 

Streptomycin (10) s s s s HS 

a Sensitivity tested by antibiotic disc diffusion in Mueller Hinton agar plates. 
S = Sensitive; HS = Highly Sensitive; R = Resistant. 

b Concentration of the antibiotic in J.lg I ml is given in the parenthesis. 
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Table 24: Antibiotic sensitivity• of the bacteria isolated from Mystus sp. 

Antibiotics Bacterial Strains 
testedb 

V01 A05 A06 M01 P06 

Amoxicillin (30) s s s s HS 

Ampicillin ( 1 0) s R R s R 

Chloramphenicol (30} HS HS HS R s 
Co-trimoxazole (25} s R s s s 
Erythromycin (15} s R R s s 
Gentamycin (10} HS R s HS HS 

Kanamycin (30} s s s s HS 

Nalidixic acid (30) s s s s s 
Norfloxacin ( 1 0) s s HS HS s 
Oxytetracycline (30) HS s s s s 
Penicillin (10) s R R HS R 

Streptomycin ( 1 0) s s s R s 

a Sensitivity tested by antibiotic disc diffusion in Mueller Hinton agar plates. 
S = Sensitive; HS = Highly Sensitive; R = Resistant. 

b Concentration of the antibiotic in J.Lg I ml is given in the parenthesis. 
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Table 25: Antibiotic sensitivity• of R1, R2 (fluorescent Pseudomonads) and 

R3 (Aeromonas caviae) isolated from epizootic ulcerative 

syndrome affected air-breathing fishes. 

Antibiotics Bacterial isolates 
teste<! 

R1 R2 R3 

Amoxicillin (30) HS s s 
Ampicillin (10) R R R 

Chloramphenicol (30) s s s 
Co-trimoxazole (25) s R R 

Erythromycin ( 15) s s R 

Gentamycin (10) HS HS s 
Kanamycin (30) HS HS s 
Nalidixic acid (30) s s s 
Norfloxacin ( 1 0) HS HS s 
Oxytetracycline (30} HS HS HS 

Penicillin (10) R R R 

Streptomycin (10) s HS s 

a Sensitivity tested by antibiotic disc diffusion in Mueller Hinton agar plates. 
S = Sensitive; HS = Highly Sensitive; R = Resistant. 

b Concentration of the antibiotic in f!g I ml is given in the parenthesis. 



Fig.45. 

Fig.46. 

Plate XVIII 

Antimicrobial sensitivity test with isolate A01 (Aeromonas hydrophila) 

showing resistance to amoxicillin (Am}, sensitivity to streptomycin (S) 

and high sensitivity to oxytetracycline (T}. 

Antimicrobial sensitivity test with the pathogenic isolate R3 

(Aeromonas caviae} showing resistance to penicillin (P}, sensitivity to 

norfloxacin (Nx) and high sensitivity to oxytetracycline (T). 

Fig.47. Antimicrobial sensitivity test with isolate 801 (Bacillus sp.} showing 

resistance to ampicillin (A), sensitivity to erythromycin (E) and high 

sensitivity to co-trimoxazole (Co). 

Fig.48. Antimicrobial sensitivity test with isolate C01 (Micrococcus sp.) 

showing sensitivity to erythromycin and high sensitivity to ampicillin 

{A) and co-trimoxazole (Co). 

Fig. 49. Antimicrobial sensitivity test with isolate A04 (Aeromonas hydrophila) 

showing multiple resistance towards penicillin (P), erythromycin (E) 

and oxytetracycline (0). 

I 
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Table 26 Drug resistance patterns of bacteria isolated from epizootic 

ulcerative syndrome affected fisha 

~------------------------- --~--------------------------------------------------,----------------~---------~, 

I I I I 

i Isolate Number I Isolate identity j Resistance markers I 
~ I I · 

* A01 Aeromonas hydrophila I Am Ax Er Ge Pe 

* A02 Aeromonas sobria Am Er Ge Pe 

* A03 Aeromonas hydrophila Am Er Pe 

A04 Aeromonas hydrophila Am Ax Ct Er Ge Otc Pe 

A05 Aeromonas hydrophila Am Ct ErPe 

*A06 Aeromonas sobria Am Er Pe 

801 Bacillus sp. Am 

C01 Micrococcus sp. Na Nf 

M01 Moraxella sp. CISm 

P01 Pseudomonas sp. Am Ct ErPe 

* P02 Pseudomonas sp. Am Ct Pe 

P03 Pseudomonas sp. Am ErPe 

P04 Pseudomonas sp. AmPe 

P05 Pseudomonas sp. Am Ct Er Pe 

* P06 Pseudomonas sp. AmPe 

* R1 Pseudomonas sp. AmPe 

* R2 Pseudomonas sp. Am Ct Pe 

* R3 Aeromonas caviae Am Ct Er Pe 

V01 I Vibrio sp. i - b 
1 : ______________________ ____j_______________ i _j' 

---~------~----~----~--~-

a Am = Ampicillin; Ax = Amoxacillin; Cl = Chloramphenicol; Ct = Co-

trimoxazole; Ge = Gentamycin; Na = Nalidixic acid; Nf = Norfloxacin; Otc = 

Oxytetracycline; Pe =Penicillin; Sm =Streptomycin 

b Susceptible to all antibiotics tested 

* Pathogenic isolates 
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Table 27 Percentage distribution• of bacterial sensitivity to the 
chemotherapeutic agents 

Antibiotics tested Concentrations Percentage of Percentage of 
used bacteria sensitive bacteria resistant 

Amoxicillin 30 r.tg/ml 89.48 10.52 

Ampicillin 10 J.tg/ml 15.79 84.21 

Chloramphenicol 30 r.tg/ml 94.74 5.26 

Co-trimoxazole 25 J.tg/ml 63.16 36.84 

Erythromycin 15 r.tg/ml 47.37 52.63 

Gentamycin 10 r.tg/ml 78.95 21.05 

Kanamycin 30 r.tg/ml 100 0 

Nalidixic acid 30 J.tg/ml 94.74 5.26 

Norfloxacin 10 J.tg/ml 94.74 5.26 

Oxytetracycline 30 J.tg/ml 94.74 5.26 

Penicillin 10 units 21.05 78.95 

Streptomycin 10 J.tg/ml 94.74 5.26 

* Percentage calculated on the basis of 19 isolates 

4.2.7. Antibiotic treatment of ulcers caused by experimental induction of 

bacteria. 

Bacterial suspensions of R 1 , R2 and R3 were injected intramuscularlly to 

healthy fishes (Channa punctatus) in pure and mixed condition. Each bacterial 

suspension and the mixed suspension were injected to 80 fishes. The methods 

of inoculation are described under materials and methods. Most of the fishes 

manifested extemal signs of the disease within 24 hours of inoculation. The 

area around the injection site tumed reddish with swelling. After 24 hours, 10 

fishes at a time, which were showing signs of ulcer formation, were netted out 
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from each aquarium and bath treatment was done by exposing the fishes to 

oxytetracycline solutions for periods of 5 min, 10 min, 30 min and 1 hr. A set of 

1 o fishes were not exposed to oxytetracycline and kept as untreated control. All 

fishes were kept under observation for 15 days and mortalities, if any, were 

recorded. The whole experiment was repeated thrice and the mean mortality 

rates were calculated. 

The fishes unexposed to oxytetracycline showed progressive 

ulcer development. The small reddish swellings grew in size until the scales fell 

·off and the surface layer of the skin was eroded. This type of moderate ulcers 

were noted in the fishes injected with pure bacterial suspensions. In the fishes 

treated with mixed bacterial suspension, the ulcers became deep and necrotic 

exposing an open sore. The fishes died with severe ulcers on their body. The 

mortality rates of unexposed fishes were 80% in case of fishes injected with a 

mixed bacterial suspension, 50% in case of fishes injected with R2 and R3 and 

40% in case of fishes injected with R 1. Comparison between antibiotic treatment 

of fishes for different time periods showed that the mortality rates of fishes 

exposed for longer periods (30 min, 1 hr) was clearly lower than fishes exposed 

for only 5 or 10 min (Tables 28-31). The mortality also decreased with increasing 

concentration of the antibiotic. In fishes treated with 500 J.tg/ml of oxytetracycline 

for 1 hr, there was no significant difference in the condition of the fishes in the 

first 48 hrs after treatment. The ulcers did not grow in size. No mortality was 

recorded within 72 hours of treatment. Only 3.3% mortality was recorded in 

fishes which were injected with R1, 6.6% mortality was recorded in fishes which 

were injected with R2 and R3 and 26.6% mortality was recorded in fishes which 

were injected with a mixed bacterial suspension of R 1, R2 and R3. After 4 days, 

the ulcers showed signs of healing. The ulcers of all the surviving fishes 

completely healed within the observation period of 15 days. On the other hand, 

almost no difference could be observed externally between fishes treated with 

50 J.tg/ml oxytetracycline for 5 min and the untreated fishes. The mortality rates 

also were similar though there was a drop in the mortality rates in the first 48 

hours after treatment. The cumulative mortalities are graphically represented in 

Figs 52-67. 
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Table 28: Percentage mortality of bacteria infected fishes after treatment 
with 50 J.Lg/ml oxytetracycline 

Bacterial Time of exposure 
isolate 

5min 10min 30min 60min 

R1 36.6 33.3 30 23.3 

R2 50 43.3 36.6 26.6 

R3 46.6 46.6 40 30 

M 76.6 73.3 66.6 60 

a 1x107 cfu I ml of bacterial suspension in 0.85% saline administered 
intramuscularlly 

Table 29 : Percentage mortality of bacteria infected fishes after 
treatment with 100 J.Lg/ml oxytetracycline 

Bacterial Time of exposure 

isolates 

5min 10min 30min 60min 

R1 36.6 30 23.3 20 

R2 46.6 40 30 26.6 

R3 43.3 40 33.3 26.6 

M 70 66.6 60 53.3 

a 1x107 cfu I ml of bacterial suspension in 0.85% saline administered 
intramuscularlly 
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Table 30 : Percentage mortality of bacteria infected fishes• after 
treatment with 200 J.Lg/ml oxytetracycline 

Bacterial Time of exposure 

isolate 
5min 10 min 30min 60min 

R1 33.3 33.3 23.3 13.3 

R2 46.6 43.3 33.3 20 

R3 43.3 36.6 26.6 20 

M 73.3 66.6 53.3 43.3 

a 1x107 cfu I ml of bacterial suspension in 0.85% saline administered 
intramusculartly 

Table 31 : Percentage mortality of bacteria infected fishes after treatment 
with 500 J.Lg/ml oxytetracycline 

Bacterial Time of exposure 

isolate 
5min 10 min 30min 60min 

R1 33.3 26.6 16.6 3.3 

R2 36.6 30 20 6.6 

R3 40 33.3 16.6 6.6 

M 66.6 60 40 26.6 

a 1x107 cfu I ml of bacterial suspension in 0.85% saline administered 
intramusculartly 
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Cumulative mortalities of R3 
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Epizootic ulcerative syndrome is at present known to be one of the most 

common and most dreaded disease of fresh and brackish water fishes in India. 

Severe losses have been reported from all types of water bodies. Considerable 

amount of research activity is currently focused on the identification of major 

causative agents and an effective method for controlling this disease. However, 

there is a lack of basic knowledge on the pathogenesis of disease agents on the 

host. In the present study an attempt has been made to study the exact role of 

pathogenic bacteria which have been isolated from ulcerative lesions of 

diseased fishes of North Bengal in causing ulcers in air breathing fishes which 

are economically important in this region along with a study on the bacteria 

isolated from EUS affected fishes of the district of Midnapur in South Bengal 

and a study on the effect of chemotherapeutic agents on the bacterial isolates. It 

is likely that the results of these studies will broaden the scientific base upon 

which total control of this dreadful disease can be established. 

Two virulent strains of Pseudomonas sp. and one virulent strain of 

Aeromonas caviae which were isolated from ulcerative air breathing fishes from 

North Bengal in 1988 were reported earlier to be pathogenic to Anabas 

testudineus (Pal and Pradhan, 1990) and Channa punctatus (Pradhan and Pal, 

1990) but the pathogenicity was not measured and there were no reports on 

their LD50 values in these fishes. 

In the present experiment (section 4.1.1), the serially diluted dose of 

different bacterial suspensions produced consistent trends of mortality. Isolation 

and identification of injected bacterial strains from external lesion, liver, and 

kidney of freshly dead fishes clearly indicate that the cause of death was 

associated with these bacterial strains. Various workers have observed changes 

in the liver and kidney of fishes infected by pathogenic Pseudomonas and 

Aeromonas strains (Takahashi, 1984b; Miyazaki and Kaige, 1985; Okpokwasili 

and Okpokwasili, 1994; Pal and Pradhan, 1995). Prasad eta/ (1995) could re

isolate the pathogenic strain of Aeromonas hydrophila from liver, kidney and 

spleen of fish experimentally infected by the bacteria. 

The LDso values of the two Pseudomonads (R 1 and R2) and the 

Aeromonad (R3) in H. fossilis were found to be 9.97 x 105 c.f.u., 4.45 x 105 c.f.u. 
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and 6.29 x105 c.f.u. respectively. Descriptions of the degree of virulence by 

previous workers (Mittal·et a/, 1980; Santos eta/, 1996) suggested that strains 

of Aeromonas sp. showing LD50 <106 could be classified as virulent, those with 

LD50 106 to 108 as weakly virulent and those with LDso > 108 as nonvirulent. 

Accordingly R 1, R2 and R3 could be denoted as virulent. There was no 

significant difference between the virulence of R2 and R3. The virulence of R1 

was slightly low as suggested by its slightly higher LDso value. 

Intramuscular injections of R1, R2 and R3 were given to three 

economically important species of air breathing fishes (Anabas testudineus, 

Channa punctatus and Heteropneustes tassilis) in pure and in mixed form 

(section 4.1.1.2). Mortality data (Tables 3, 4 and 5) showed that the mixed 

bacterial suspension was more virulent than the pure bacterial suspensions. 

Severe ulcers were induced at the injection site in fishes treated with a mixed 

suspension while moderate ulcers were induced in fishes injected with pure 

bacterial suspensions of R1, R2 and R3. 

Aeromonads and Pseudomonads were found to experimentally induce 

EUS like skin lesion when injected intramuscularly to healthy snakehead 

(Ophiocephalus striatus) and walking catfish (Ciarias batrachus) using at least 

106 c.f.u./ml (Lio-Po eta/, 1992 ; Leano eta/, 1995). Karunasagar eta/ (1995) 

isolated a number of Aeromonas strains from external ulcer and internal organs 

of EUS positive fish and found that these bacteria had very low LD50 values 

ranging from 103 to 105 in catfish fingerlings and 104 to 106 in mouse. 

Prasad et a/ ( 1995} observed that Cirrhinus mrigala intraperitoneally 

injected by virulent Aeromonas hydrophila strain isolated from EUS affected 

Mastocembe/us arrnatus exhibited symptoms of EUS including lethargic 

behaviour and haemorrhages on the general surface of the body. C. mrigala 

showed 100%, 90%, 60% and 30% mortality in 2, 3, 4 and 5 days after 

intraperitoneal injection with 0.1 ml of viable bacterial suspension containing 2.0 

x 103
, 1.6 x 103

, 1.2 x 103 and 0.8 x 103 c.f.u. respectively. 

Sahu et a/ {1996) found that experimentally infected Aeromonas 

hydrophila could produce lesion in the catfish, Clarias batrachus on 30th day 

and in Rohu (Labeo rohita) on the 10th day. However, the infection was limited 
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to ulcer in the skin and muscle only. Histopathological changes in the internal 

organs were not as remarkable as it was in the skin and muscle. 

Besides Aeromonas sp. and Pseudomonas sp., various other types of 

bacteria were also found to be associated with epizootic ulcerative syndrome. 

Jhingran and Das (1990) observed that Micrococcus sp. isolated from lesions 

and haematopoetic tissues of EUS affected fishes could induce ulcers within 72 

hours both through inoculation and when kept in association with the bacteria. 

Kar et a/ ( 1990) found E. coli and Pseudomonas aeruginosa to be associated 

with EUS affected fishes. 

Ali and Tamuli (1991) isolated three types of bacteria from ulcers of four 

species of affected fishes and reinfection studies showed that Aeromonas sp. 

induced only mild infections, Vibrio sp. induced similar disease symptoms and 

Micrococcus sp. failed to induce any disease symptom. 

Mukhe~ee et a/ ( 1995) reported constant isolation of chemoautotrophic 

nocardioform (CAN) bacteria from EUS affected fishes which bears close 

relationship to the human/rat lepro~y bacillus and demonstrated its pathogenicity 

in mouse model. 

Qureshi eta/ (1995b) isolated nine types of bacteria from EUS affected 

fishes out of which Pseudomonads and Aeromonads were found to be highly 

pathogenic while Micrococcans and Cytophagans were less pathogenic. 

These previous findings show that there is little similarity in the type of 

bacteria isolated from EUS positive fishes though many of these bacteria are 

virulent and are able to induce EUS like lesion when injected to healthy fishes. 

R 1 , R2 and R3 also belong to different genera and species though they are 

almost equally virulent. A possible explanation for this discrepancy in bacterial 

types may be that EUS is not caused by any single bacterium. It seems to be a 

complex disease caused by mixed infection. 

A study on the pathogenicity of these bacteria in three economically 

important fishes in pure as well as mixed form was undertaken (Fig. 18). When 

compared among the three fish species Channa punctatus, Heteropneustes 

fossilis and Anabas testudineus, the obtained data indicated that the mortality 

rates in Anabas testudineus inoculated by all the three bacteria R1, R2 and R3 
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and mixed culture were slightly lower than Channa punctatus and 

Heteropneustes fossilis although the differences were not statistically significant 

(Fig. 17). 

The range of incidences of EUS recorded from the different species of 

naturally infected fish shows that Channa punctatus is one of the most 

susceptible fishes. The incidence percentage ranges from 20% to 100%. The 

other two fish species are also highly susceptible in natural waters. The 

incidence percentage ranges from 10% to 20% in Heteropneustes fossilis and 

10% to 55% in Anabas testudineus (Das and Das, 1993). The relative 

susceptibilities of various other fish species to several bacterial pathogens have 

been investigated by several workers (Plumb and Sanchez, 1983; Plumb and 

Hilge, 1987; Whittington and Cullis, 1988; Sakai eta/, 1989; Soltani eta/, 1994). 

In natural infections, though most of the pond cultured fishes are 

susceptible, some like the Nile tilapia (Oreochromis niloticus ) is found to be 

resistant to EUS (Ahmed and Rab, 1995). Thus, a comparative susceptibility 

data among all types of pond cultured fishes is necessary because this will 

provide vital clues in fish farm management. Choice of fish species other than 

which are highly susceptible to the disease will minimize the losses and 

segregating fishes which are more susceptible can lower the risk of disease 

outbreak. 

Globally Aeromonas sp. is one of the most common bacteria associated 

with fish diseases. Although many strains are regarded as opportunistic 

pathogens, others are clearly primary pathogens in their own right (Trust, 1986). 

The fish diseases which involve Aeromonas hydrophila includes motile 

Aeromonad septicemia (AFS, 1975), red spot disease of European eel, Anguilla 

anguilla (Schaperclaus, 1934), red disease of Japanese eel, A. japonica 

(Hoshina, 1962) and red disease of carp, Cyprinus carpio (Egusa, 1978). Jo and 

Onishi (1980) isolated A. hydrophila from all diseased cultured ayu, 

Plecog/ossus a/five/is characterized by exopthalamus and subcutaneous 

ulceration. Rahim eta/ (1985) isolated A. hydrophila from the wounds of five 

species of fishes in Bangladesh. Okpokwasili and Okpokwasili (1994) found that 

Pseudomonas spp. and A. hydrophila isolated from brown patch disease of 

tilapia were more virulent to tilapia fingerlings when infected by a mixed culture 



132 

than A. hydrophila or Pseudomonas spp. alone. Esteve et a/ (1993) isolated 

Aeromonas hydrophila and Aeromonas jandaei from diseased European eel 

(Anguilla anguilla) from an eel farm in Spain which caused ulcerous disease by 

intraperitoneal injection (LD50 dose : 1 o5
·
4 to 1 07

·
5 c. f. u. I fish) and also by bath 

exposure to 107 to 108 c.f.u./ml in healthy eels. 

Deep seated muscle lesions (furuncles) are caused by Aeromonas 

salmonicida principally in salmonids although other fish species may be affected 

(McCarthy, 1977; Patterson et at, 1980; Boomker et a/, 1984; Ostland et at, 

1987; Wichardt eta/, 1989; Rintamaki and Valtonen, 1991 and Wiklund eta/, 

1994). The disease known as furunculosis has affected various species of 

fishes in fish farms worldwide including wild fish stocks (Wiklund and Bylund, 

1993). Aeromonas salmonicida subsp. sa/monicida has been isolated as the 

etiological agent of furunculosis in salmonids and has often been referred to as 

the typical strain (Austin and Austin, 1993). The atypical strains belonging to 

other A. salmonicida subspecies have also been isolated which causes 

ulcerative diseases in a variety of both marine and freshwater fish 

(Nakatsugawa, 1994). Gudmundsdottir (1996) analyzed extracellular products of 

32 strains of A. sa/monicida from various fish species and geographical 

locations and found that all typical strains belonged to a single group while the 

atypical strains were more diverse. 

The goldfish ulcer disease (GUO) is caused by an atypical strain of 

Aeromonas salmonicida which is responsible for loss of both wild and cultured 

goldfish (Trust eta/, 1980; Whittington eta/, 1987). 

Aeromonas salmonicida has been reported to be isolated from head 

ulcer of eel, Anguilla japonica characterized by ulcerative lesion on the head 

(Ohtsu"ka et a/, 1984) and carp erythrodermatitis characterized by cutaneous 

ulcerative lesion (Csaba eta/, 1984). 

Aeromonas liquifaciens, another pathogenic strain of Aeromonas sp. was 

isolated from scale protrusion disease in carp by Kusuda and Takahashi (1970), 

which affected fish farms of Japan. Reinfection studies in carp and gold fish 

showed that percentage mortality of carp was higher than that of gold fish. 

Aeromonas punctata has been regarded as the etiological agent of infectious 
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dropsy in carps by Schaperclaus (1965) and he thought that primary infections 

resulting in disease may be induced by Pseudomonas fluorescens. Later he 

indicated that 3 different microorganism, A. punctata, P. fluorescens and a virus 

may be involved in this disease which manifest itself in several fonns 

(Schaperdaus, 1969). 

Different species of Pseudomonas has been reported to be the 

causative agent of various fish diseases throughout the world. Pseudomonas 

anguilliseptica was identified as the etiological agent of red spot disease in 

Japan characterized by petechial haemorrhage in the mouth, opercula and 

ventral portion of the body of the fish (Wakabayashi and Egusa, 1972; Muroga 

eta/, 1973; Jo eta/, 1975; Nakai eta/, 1985). P. angui/liseptica was also isolated 

from red spot disease of pond cultured eel, A. japonica in Taiwan (Kuo and Kou, 

1978), from A. anguilla in Scotland (Nakai and Muroga, 1982; Stewart et a/, 

1983) and from salmonid fish in Finland (Wiklund and Bylund, 1990). Muroga 

and Nakajima (1981) reported artificial induction of red spot disease in Anguilla 

japonica with P. anguilliseptica and was able to induce the same clinical signs 

as those observed during disease outbreak by reinfection tests. 

Pseudomonas fluorescens has been reported to cause haemorrhagic 

septicemia in European eel, Anguilla vulgaris (Andre et a/, 1970), pond cultured 

tilapia, Sarotherodon niloticus (Miyashita, 1984; Miyazaki eta/, 1984), yellowtail 

Seriola quinqueradiata (Kusuda, 1980) and cyprinid fishes (Bullock and Me 

Laughlin, 1970; Shiose eta/, 1972). Sakai eta/ (1989) isolated P. fluorescens 

from diseased rainbow trout Onchorhinchus mykiss in Japan and found the 

bacteria to be pathogenic to rainbow trout and tilapia (S. niloticus). Saeed et al 

(1987) isolated P. putrefaciens from diseased rabbit fish, Siganus rivulatus in 

Red sea. Pal and Pal (1986b) reported induction of ulcer in A. testudineus by 

mixed culture of two bacteria, one fluorescent Pseudomonad and another 

coccus, Micrococcus varians. 

Several other workers (Boonyaratpalin, 1989; Subhashinghe et a/, 1990; 

Chattopadhyay eta/, 1990; McGaray eta/, 1991; Torres et a/1993; Cartwright et 

a/1994.) also reported the association of mainly Aeromonas and occassionally 
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Pseudomonas with epizootic ulcerative syndrome. Among Aeromonads, 

Karunasagar eta/ (1989) and McGaray eta/ (1991) had recovered Aeromonas 

hydrophila and Aeromonas sobria more often than other bacteria. Pal and 

Pradhan (1990) on the other hand found Aeromonas caviae and two other 

fluourescent Pseudomonads to be involved in EUS. This tends to indicate that 

Aeromonas sp. and Pseudomonas sp. are highly opportunistic pathogens which 

invade the fish once the skin barrier is breached. This however does not 

eliminate the fact that these bacteria are primary pathogens. In order to arrive 

at a conclusion on this aspect, a detailed study on the role of these bacteria in 

causing EUS is necessary. 

In the present study, histological observations reveal severe 

hitopathological changes of the liver and kidney and at the injection site of H. 

tassilis experimentally infected by the two pathogenic Pseudomonads (R 1 and 

R2) and the Aeromonad (R3) (section 4.1.2). A nectrotic granulomatous 

response in the dermis and cloudy degeneration of the muscle fibres was 

observed. The liver showed vacuolation, necrosis and infiltration of blood 

capillaries in some regions. The kidney showed hemorrhages and necrotic 

changes in certain hematopoietic regions along with tubular necrosis, tubular 

degeneration and haemosiderin accumulation. Bacteria were found to be 

present in the tissue sections from liver, kidney and from the ulcer region of 

inoculated fishes. Presence of bacteria were also detected in the histological 

sections of liver, kidney and ulcer tissues of the naturally infected fishes. The 

changes resembled the observations by previous workers who investigated 

histological changes in fishes experimentally induced by pathogenic strains of 

Aeromonad and Pseudomonad (Kumar et a/, 1991; Pradhan, 1992; Pal and 

Pradhan, 1995; Prasad eta/, 1995; Qureshi eta/, 1995b). 

The nature of histopathological changes has some similarities with the 

observations reported by various authors on histopathological changes caused 

by bacteria in infected fishes. Hepatic edema and liver congestion, glomerulities 

and atrophy of hematopoietic tissues in the kidney was observed by Miyazaki 

and Egusa (1977) in Japanese eel (Anguilla japonica) affected with red spot 

disease. Miyazaki (1980) observed degeneration of hepatic cells, necrosis and 

degeneration of epithelia of renal tubules and atrophy of renal hematopoietic 
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tissue, in Anguilla japonica infected by Aeromonas hydrophila. Miyazaki et a/ 

(1984) reported liver and kidney tissue necrosis in tilapia, Sarotherodon ni/oticus 

infected with Pseudomonas fluorescens. Later Miyazaki and Kaige (1985) found 

that on experimental induction of motile Aeromonad disease in crucian carps 

produced similar pathological signs as in the natural infections. The major 

observations were hemosiderosis in the liver, spleen and kidney and deposition 

of hematoidin crystals in spleen, kidney and blood vessels of diseased fishes. 

Regressive changes such as necrosis of the kidney and spleen tissues were 

seen after inoculation of healthy carps with pathogenic Aeromonas (Takahashi, 

1984b). Chien and Chieh (1994) observed necrosis in the muscle, septic 

haemorrhage, spleen damage, fatty liver and renal hematopoietic tissue atrophy 

in eels after artificial infection by A. hydrophila. They suggested that the 

pathological changes were due to the proteolytic, haemolytic and cytotoxic 

attacks of liver and hematopoietic system by the A. hydrophila toxin. 

During the present study, the histopathological changes observed in the 

ulcers indicate that bacterial multiplication takes place in the muscle. The 

haemorrhage, cellular degeneration and tissue necrosis in the skin, liver and 

kidney appear to be due to extracellular toxic substances secreted by these 

bacteria. Histological studies indicate toxemic changes that may be induced by 

extracellular bacterial toxins like haemolysin and proteases. The bacteria may 

enter through the injured skin and multiply in the adjoining muscle causing 

ulceration. From the muscle, the bacteria are disseminated to different organs 

such as liver and kidney through blood causing different pathological changes in 

these organs. 

Aeromonas spp. is reported to produce a wide range of extracellular 

products including haemolysin, proteases, and cytotoxins. The major 

extracellular proteases produced by Aeromonas hydrophila which are also 

produced by some strains of A. sobria and A. caviae are a thermostable 

metalloprotease (TSMP) and a thermolabile serine protease (TLPS). Besides 

these there is another distinctly different protease produced only by A. caviae 

(Leung and Stevenson, 1988a). Extracellular toxic substances are also 

produced by Pseudomonas aeruginosa ( Morihara, 1963; Snell eta/, 1978; 
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Callahan Ill, 1974; Stapleton et a/, 1984) and Pseudomonas fluorescens 

(Bullock and Mclaughlin, 1970; Margesin and Schinner, 1992). These toxic 

substances produced necrosis, ulceration and haemorrhages (Diener et a/, 

1973; Kawaharajo et a/, 1975a,b; Gray and Kreger, 1979). These previous 

findings and the histopathological effects produced by R 1 , R2 and R3 tend to 

indicate that R 1, R2 and R3 may cause haemorrhage and considerable tissue 

damage due to the action of extracellular toxins. 

A study on the virulence characteristics of these pathogenic bacteria was 

therefore necessary in order to explain the histopathological observations of 

experimentally and naturally infected fishes. It was also necessary to study the 

erythrocyte morphology, total erythrocyte count (TEC) and haemoglobin content 

of diseased fishes because haemorrhages were frequently noticed in the tissue 

sections of all artificially infected and also of the naturally infected fishes. 

Experimental infection of H. fossilis with R1, R2 and R3 and the 

subsequent development and progress of ulcerative disease caused a decline in 

the Hb content and TEC of the diseased fishes (Figs. 21 and 22, section 4.1.3). 

Significant decrease (P<0.01) was observed after 48 hours of injection with the 

mixed bacterial suspension and after 72 hours of injection with R 1 , R2 and R3. 

This revealed anaemic condition in fishes. Disintegration of erythrocytes were 

observed in the blood smear preparations of all diseased fishes after 72 hours 

of injection. Reddish purple nuclei of disintegrated erythrocytes (nuclear 

shadow) were present in large numbers in the blood smear of fishes treated with 

mixed bacterial suspension. Presence of rod shaped bacteria in the blood of 

experimentally infected fishes indicated that after proliferation in the muscles the 

bacteria disseminated to other principal organs through blood. 

Pradhan and Pal ( 1992) observed significant decrease in haemoglobin 

content and erythrocyte count in Channa punctatus after 24 and 48 hour of 

inoculation respectively with pure and mixed culture of the three pathogenic 

bacteria R 1, R2 and R3. The nonpathogenic coccus (C) did not induce any 

change in Hb content or TEC. Das and Das (1993) observed that there was a 

decline in counts of erythrocytes (RBC) followed by a drop in haemoglobin 
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content and hematocrit values which indicated anaemic condition in the naturally 

infected Cirrhinus mrigala. Prasad and Qureshi (1995) reported remarkable 

changes in the number of RBCs and haemoglobin concentration in fishes 

( Clarias batrachus) affected with epizootic ulcerative syndrome. Pathiratne and 

Rajapakshe (1995) observed low TEC and haemoglobin content in EUS 

positive fish Etrop/us suratensis and suggested that the anaemic condition 

resulted from loss of blood and destruction of erythrocytes. 

Decrease in number of erythrocytes and haemoglobin concentration was 

also noted in case of other diseases caused by Pseudomonas sp. and 

Aeromonas sp. Takahashi and Kusuda (1979) observed that the erythrocyte 

count in induced scale protrusion disease by Aeromonas liquefaciens in 

coloured carp was decreased with lapse of time. They concluded that the cause 

of decrease in the number of erythrocytes was due to enormous disintegration 

of erythrocytes by the infection. Barham et a/ (1980) found that bacterial 

infection caused significant reduction in total erythrocyte count and haemoglobin 

concentration in rainbow trout, Sa/mo gairdneri Richardson. Takahashi 

(1984a,b) reported marked decrease in TEC and haemoglobin levels in 

experimentally infected carp treated with A. hydrophi/a and suggested that the 

erythrocytes were destroyed by haemolysin produced by Aeromonas entering 

the blood and there was a decrease in the haematopoetic function of kidney and 

spleen due to necrosis in these organs. 

In this study, it was found that in experimentally infected fishes there 

were large number of disintegrated erythrocytes along with rod shaped bacteria. 

This tends to indicate that bacterial infection had caused bacteria to enter the 

blood and destroy the erythrocytes by their haemolytic toxins which was 

reflected in lowering of TEC and Hb content values. Haemopoiesis also seems 

to be affected because severe necrosis was observed in some areas of the 

haemopoietic region of the kidney. In the later stages of the disease, severe 

haemorrhagic ulcers also contribute to the loss of red blood cells. 

During the present study, it was observed that all the three bacteria (R 1, 

R2 and R3) exhibited extracellular proteolytic, haemolytic and lipolytic activity 

(Table 8, section 4.1.4). All the bacteria secreted p haemolysin as indicated by 

clear zones around bacterial colonies. Lecithinase was also secreted by all the 
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bacteria. However all the bacteria showed negative Voges Proskaur (VP) test. 

Karunasagar ef at (1995) found that majority of the Aeromonas spp. isolated 

from internal organs of EUS affected fishes produced haemolysin and all of 

them were able to hydrolyse gelatin. Majority of the isolates, but not all showed 

a positive VP test. Motile Aeromonas sp. from fish which produces neither gas 

nor acetoin from glucose (negative VP test) had been considered as non or low 

virulent organisms (Eddy, 1960; Kou, 1973). In the present study the pathogenic 

Aeromonad (R3) did not show positive reaction for the VP test. The 

Pseudomonads and also A. caviae in general does not produce acetoin from 

glucose (Popoff, 1984) but has been reported to be pathogenic (Santos ef at, 

1988, 1996). Lack of relationship between VP positivity and pathogenicity was 

also reported by De Figueirdo and Plumb (1977) who studied the biochemical 

properties of nine A. hydrophila isolates of varying pathogenicity. Torres et a/ 

(1990) also did not find any correlation between the biochemical characteristics 

of virulent and nonvirulent strains of Aeromonas spp. isolated from healthy and 

diseased fishes affected by the epizootic ulcerative syndrome. Wakabayashi et 

at (1981) found that almost all strains of Aeromonas studied by him were able to 

produce haemolysin, protease, lipase and lecithinase and showed positive VP 

test. He found no clear difference in biochemical properties between the virulent 

and avirulent strains. Santos ef a/ (1988) .reported that more than 96% of tile 59 

Aeromonas strains tested (both avirulent and virulent) were proteolytic and 

amylolytic. Regardless of the species considered, a large number of isolates 

(81.3%) also produced lipase. He also did not observe any particular virulence 

determinant which could be considered to be an absolute criteria of 

pathogenicity in environmental motile Aeromonas sp. Chabot and Thune (1991) 

purified three different proteases from the extracellular products of A. 

hydrophila, but found no correlation between quantitative protease production 

and virulence by comparative studies involving some other pathogenic and non 

pathogenic strains of A. hydrophila. Apart from producing extracellular toxic 

enzymes, other virulence determinants like siderophore production (Crosa, 

1984; Gierer ef a/, 1992), presence of S-layer (Dooley and Trust, 1988), serum 
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agglutination in Acriflavin (Mittal et a/, 1980), autoagglutination (Mittal et a/, 

1980) and cytotoxicity (Leung et a/, 1996; Shome et al, 1996; Santos et a/, 

1996) were also reported to be involved in the pathogenicity of Aeromonas and 

Pseudomonas strains in fish. 

From the study of virulence characters of R1, R2 and R3, it is clear that 

these pathogenic bacteria secrete a number of lytic enzymes which may have 

important roles in manifestation of the symptoms of the ulcerative disease of 

fishes. 

Though there is no clear correlation between extracellular enzyme 

production and virulence of the fish pathogenic bacteria, various workers have 

isolated and characterized proteases (Thune et al, 1986; Kanai and 

Wakabayashi, 1984; Leung and Stevenson, 1988a,b) and haemolysins (Allan 

and Stevenson, 1981; Kanai and Takagi, 1986) which they found to be involved 

in the virulence of Aeromonas spp. Pseudomonas spp. are also reported to 

produce protease (Morihara, 1963; Morihara and Tsuzuki, 1977; Snell et a/, 

1978) and haemolysin (Berk, 1964; Altenbem, 1966; Vasil eta/, 1982). In other 

fish pathogenic bacteria such as Aeromonas sa/monicida (Nielson eta/, 1994) 

and Vibrio anguillarum (lnamura et a/, 1985) extracellular proteases and 

haemolysins have been reported to be associated with disease production. 

In the present study, the culture filtrates of R1, R2 and R3 were capable 

of inducing ulcers in healthy A. testudineus (section 4.1.5.1). This showed that 

the virulence factors of these bacteria are constituents of the extracellular 

products. The culture filtrate initially produced the typical reddish swelling at the 

site of injection but the ulcer remained superficial to moderate and did not 

progress to the severe stage. A higher dose of culture filtrate may be required to 

produce more acute ulcers which was not attempted in this study. 

The extracellular virulence factors of R 1 , R2 and R3 were separated out 

from the crude culture filtrate by filtration through a short sephadex G-200 

column (section 4.1.5.2, Fig. 25, 26 and 27). Two peaks were obtained in all 

cases of which the pooled fractions of the first peak was non t~xic while that of 

the second peak was found to be toxic when injected to healthy Anabas 
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testudineus. The toxic fraction showed both haemolytic and proteolytic activity. 

The recovery of proteolytic activity was about 35% to 39%. The haemolytic 

activity was mostly lost during purification and only 12 to 15% of the activity 

could be recovered. 

Among the three pathogenic isolates, R3 was of particular interest 

because firstly, Aeromonas caviae was not as frequently isolated as A 

hydrophila or A sobria and secondly, there was no other report of isolation of 

such highly virulent strain of Aeromonas caviae from EUS affected fishes which 

was capable of inducing ulcer in healthy fishes. Almost all studies on motile 

Aeromonas spp. was found to be concentrated on A hydrophila since this was 

the most well known fish pathogen around the world. Occasionally some strains 

of A sobria had also been included mainly in comparative studies among motile 

Aeromonas strains but a reference to A caviae was found to be very rare 

(Santos eta/, 1996). The bacteria which was mostly reported to be involved in 

EUS also was A hydrophila. Karunasagar et a/ (1995) however, reported 

association of pathogenic A sobria along with A hydrophila in the EUS affected 

fishes. Subasinghe et a/ (1990) reported occasional occurrence of 

Pseudomonas fluorescens in the haemorrhagic lesions of EUS affected fishes 

while A hydrophila was consistently isolated. Though there are many reports of 

isolation of pathogenic bacteria from EUS affected fishes, very little 

experimental work has been done so far (Yadav eta/, 1992, Sahu eta/, 1996) 

on the factors that may be involved in the pathogenicity of the virulent bacteria 

such as haemolysins and proteases although such works have been reported 

with pathogenic isolates from other disease. (lnamura et a/, 1985; Nielson et a/, 

1994). 

Among the motile Aeromonads, the extracellular haemolysins from 

Aeromonas hydrophila has been studied extensively. Wretlind et a/ (1973) 

observed that the haemolytic activity of A hydrophila was synthesized during 

the late logarithmic phase of growth and released into the medium by lysis. 

Bernheimer and Avigad (1974) purified an extracellular haemolytic toxin of A 

hydrophila by salt fractionation, dialysis and gel filtration with a yield of 24% of 

the starting activity. A study on the properties of this toxin showed that it 
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considerably resembled the exotoxin of Pseudomonas aeruginosa and the 

authors suggested that they may be members of a new class of exotoxins of the 

gram negative bacteria. 

Allan and Stevenson (1981) purified protease and haemolysin of A. 

hydrophila from the extracellular products collected on the cellulose dialysis 

membrane discs placed on the agar cultures in petridishes. He reported a 70o/o 

recovery of protease activity by cold acetone precipitation compared to a 7o/o 

recovery by 30 to 50o/o ammonium sulphate precipitation. He separated the 

haemolysin and protease by chromatography on sephadex G-200 column and 

observed close correlation between the haemolytic activity and toxicity to fish. 

The protease deficient mutants were on the other hand capable of producing 

pathological changes and death in fish which implicated haemolysin as the 

lethal factor. He further observed that some common pathogenic mechanism 

was involved in both motile Aeromonad disease and furunculosis caused by A. 

salmonicida. Ljungh eta/ (1981) observed that both a and 13 type haemolysins 

are produced by Aeromonas hydrophila in vitro. 

Kanai and Wakabayashi (1984) demonstrated that purified protease 

preparation from extracellular products of A. hydrophila possessed lethal effect 

to carp. Injecting the enzyme intramuscularly caused local haemorrhage and 

necrosis in carp and guinea pig. He also reported similarities in his observation 

with that observed in case of A. salmonicida and P. aeruginosa. In his 

purification procedure, he recovered 82o/o of the enzyme activity after 100o/o 

ammonium sulphate precipitation of culture filtrate and after several other 

purification steps the final yield was 35o/o. 

Thune eta/ (1986) described a single step procedure for the purification 

of B-haemolysin from A. hydrophila which recovered 94o/o of the haemolytic 

activity with a six fold increase in specific activity. He concentrated extracellular 

products of culture supernatant by ultrafiltration and purified the 8-haemolysin 

by chromatofocusing technique. He however suggested that proteases rather 

than the haemolysin, despite its toxicity, may be the significant virulence factor 

in A. hydrophila infection in channel catfish. 
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Nieto and Ellis (1986) detected the presence of at least 4 to 5 heat stable 

proteases of A. hydrophila by isoelectric focusing and suggested that significant 

differences in the character of extracellular products and extracellular proteases 

exist between different isolates of A. hydrophila. 

Kanai and Takagi ( 1986) partially purified the toxic substance of A. 

hydrophila produced in vivo from necrotized muscle extracts by ammonium 

sulphate precipitation, ion exchange chromatography and gel filtration. Crude 

toxins from culture supernatants and sonicated cell extracts produced in vitro 

were also studied. Results showed that haemolysin was implicated in the toxicity 

and the mode of haemolysis was a-type. 

Leung and Stevenson (1988a) purified extracellular proteases of A. 

hydrophila by ion exchange chromatography and recovered 10% of the original 

proteolytic activity with a purification of 26 fold. He also studied the 

characteristics and distribution of the proteases of A. hydrophila and compared 

them serologically with other Aeromonads. He observed that the major 

extracellular proteases of A. hydrophila NRC 505 and ATCC 7966 were a 

thermostable metalloprotease (TSMP} and a thermolabile serine protease 

(TLSP) respectively which were antigenically distinct. Serological reactions 

between the antisera against the two purified proteases and different A. 

hydrophila strains and also 29 other Aeromonads of which 9 were A. caviae, 

showed that six strains of A. caviae did not exhibit extracellular protease activity. 

One strain however, produced both enzymes. Two other strains did not react 

with either antisera, but produced proteolytic activity in ECP that was moderately 

EDTA resistant, PMSF resistant and heat stable. He suggested this to be a third 

protease enzyme which is highly significant in strains of A. caviae. In another 

study (Leung and Stevenson, 1988b), the authors used Tn5 mutagenesis in 

order to produce protease deficient strains of A. hydrophila which lost its 

pathogenic properties after mutation. The mutants were not deficient in 

haemolysin and its surface characters were retained. They also observed that 

some characters of this protease deficient strain were similar to Tn5 induced 

protease deficient strains of P. aeroginosa. 
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Santos et a/ ( 1988) observed that none of the virulence determinants 

studied could be considered as absolute criterion of pathogenicity in motile 

Aeromonas spp. since some pathogens lack the virulence properties which by 

contrast were found in non pathogenic strains. He suggested that haemolysins 

and proteases could be a part of several factors determining pathogenicity but 

were not required for virulence in all Aeromonas sp. However, it was clear that 

all the virulent strains produced an extracellular heat labile substance which was 

lethal for fish. 

Pseudomonas sp. is also known to produce a variety of extracellular 

substance which may contribute substantially to the virulence of the bacteria. 

Morihara (1963) purified and crystallized an extracellular protease from P. 

aeruginosa by DEAE cellulose column chromatography. Berk (1964) partially 

purified a haemolytic toxin from the extracellular substance of P. aeruginosa. 

Callahan (1974) purified a heat labile exotoxin from P. aeruginosa by a 

series of processes including membrane ultrafiltration, hydroxylapatite 

chromatography, ion exchange cellulose chromatography and gel filtration. He 

recovered 48% of the exotoxin with a 40 fold increase in specific activity. 

Various other workers have also purified similar toxins from Pseudomonas sp. 

(Liu eta/, 1973; Jensen eta/, 1980). 

In the present study, the partially purified lethal factor possessed 

haemolytic and proteolytic activity. While the haemolysin may cause lysis of fish 

erythrocytes leading to a lowering in the total erythrocyte count and anaemia, 

the protease may support in vivo proliferation by making available nutrients in 

the form of amino acids by digestion of tissues in the host environment. 

Protease and other lytic enzymes may be responsible for the tissue damages 

that were observed in the skin, liver and kidney. The haemolysin and protease 

might play a role in the virulence, since the haemolysin and protease produced 

by all the three bacteria possessed similar specific activities which may be 

reflected in their similar LD50 values. The severe effect in mixed infections may 

be due to the cumulative effect of the three bacteria. 

However, though the toxic principle which was responsible for the 

pathogenicity of the bacteria in fishes was detected in the culture filtrates, it is 

essential to note that this toxicity has been produced when grown in vitro and 
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not in vivo. There is a possibility that some factors may be produced in vivo but 

may not be produced under in vitro conditions. Kanai and Takagi (1986) partially 

purified the toxic substance of A. hydrophila produced in vivo from necrotized 

muscle extracts. Crude toxins from culture supernatants and sonicated cell 

extracts produced in vitro were also studied. Results showed that in vivo 

haemolysis was of o. type and J3 type haemolysin was produced in vitro. Ellis et 

a/ (1988) observed that in case of A. salmonicida, high virulence of a strain 

depended on its ability to produce protease positive variants in vivo. Ellis (1991) 

pointed out that based on the factors produced in vitro, a picture of the virulence 

factors of the pathogen may be obtained but a complete understanding of the 

pathogenicity may not be possible. 

Thus it may be concluded that the presence of protease and haemolysin 

in the toxic fraction of the culture filtrate can be related with the development of 

the typical ulcerative lesion and pathological changes in the blood and internal 

organs like liver and kidney associated with epizootic ulcerative syndrome, and 

may cause speedy mortality. A study on the toxins secreted in vivo is necessary 

to conclusively comment on the exact role of the bacteria in causing mortality in 

fishes. 

During the present study, EUS affected fishes collected from natural 

sources were brought to the laboratory for further observations. The ulcers were 

grouped into three major types : superficial, moderate and severe. 

Histopathological observation of tissues from naturally infected fish, H. fossilis 

showed loss of epidermis, severe granulomatous changes, blood capillary 

infiltration and muscle necrosis in the sections from the skin ulcers of affected 

fishes. Liver showed severe vacuolation of the hepatocytes and infiltration of 

blood capillaries. Sections from kidney showed presence of haemosiderin laden 

macrophages along with tubular vacuolation and necrosis in some regions. 

Presence of bacteria was detected in all the histological sections of liver, kidney 

and ulcer tissues. No structures like fungal mycelia was detected in the sections 

of ulcers barring only one fish ( Clarias batrachus) from where the fungus was 

isolated. Blood smear preparation showed erythrocyte disintegration and 

presence of bacteria. 
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The nature of histopathological changes has some similarities with the 

observations reported by some other workers. Kumar et a/ (1991) found that 

there was complete loss of the epidermis of the skin at the ulcerated areas 

where dermis and hypodermis showed characteristic cyst like or nodule like 

granulomatous formations in abundant numbers. Granuloma formations were 

also seen in the muscle layers of the skin which were degenerated and 

necrosed in many areas. Kidney haematopoietic tissue showed proliferation of 

macrophage cells especially indicating inflammatory reactions. In the liver, most 

of the sinusoidal spaces and blood vessels were congested (Hyperaemic) and 

wandering lymphocytes were plenty in the liver parenchyma. Das eta/ (1990) 

however did not find any significant changes in the liver except vacuolization in 

certain cases. Prasad and Qureshi (1995) observed that the epidermis of the 

skin of infected Clarias batrachus were compJetely destroyed and wherever it 

existed it showed spongiosis. The dermis lost its original compactness due to 

necrosis. The hypodermis appeared in the form of a network of thin fibrils. 

The histopathological observations in the present study however differed 

with some other workers who found fungal hyphae to be associated with the 

severe necrosis of the dermis and epidermis (Mohan and Shankar, 1995). 

Histopathological observations by Cruz-Lacierda and Shariff (1996) of EUS 

positive snakehead Ophiocephalus striatus showed that all stages of the 

disease exhibited chronic, necrotic and mycotic granulomatous response. They 

reported association of a highly invasive, broad (upto 24.6 ,....m in diameter), 

branching aseptate fungal hyphae with all stages. The intemal organs of fish 

with advanced stages of EUS also exhibited mycotic granulomatous response. 

Viswanath eta/ (1997) observed the presence of fungal hyphae in the sections 

from ulcers of EUS positive fishes stained by Grocott's methanamine silver 

staining (GMS) technique. The ulcers in the advanced stage showed mycotic 

granulomatous response and massive necrotic changes associated with fungal 

invasion in the integument and skeletal musculature. 
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It has been observed that the nature of ulcers in fishes collected from 

natural sources is comparable to that induced by a mixed culture of the three 

pathogenic bacteria R1, R2 and R3. None of these bacteria individually could 

produce ulcers of such severity. This was confirmed by histopathological 

examinations of the ulcerative region along with internal organs like liver and 

kidney of the experimentally and naturally infected H. fossilis fishes. Similarities 

were also noted in blood smear preparations from naturally and experimentally 

infected fishes. The manifestation of similar pathological signs in the ulcer, liver 

and kidney of naturally infected fishes and fishes experimentally infected with a 

mixed culture of the three bacteria R1, R2 and R3 implies that this ulcerative 

disease has a complex etiology involving more than one etiological agent which 

act in concert to bring about heavy losses in an EUS outbreak. 

Among the bacteria that were isolated in this study (section 4.2.3) from 

the external lesion of EUS positive fishes of South Bengal, the morphological 

features and biochemical profile of P01, P02, P03, P04, P05 and P06 reveal 

that these bacteria were gram negative rods, motile, catalase positive, oxidase 

positive non spore forming, attacked glucose oxidatively and except P01, all 

produced a yellow-green pigment which diffused into the medium when grown in 

medium B of King. (Tables 13-19). Thus they belonged to the genus 

Pseudomonas (Stanier eta/, 1966; Palleroni, 1984). P01 satisfied most of the 

characteristics of Pseudomonas fluorescens but it produced a reddish brown 

pigment instead of the usual yellow-green pigment and was capable of growing 

at 42°C. So it was not regarded as P. fluorescens. Some strains of 

Pseudomonas aeruginosa produces a dark red (Palleroni, 1984) or brown 

(Cowan and Steel, 1993) pigment and this bacteria is also capable of growing at 

42°C. However, P01 differed from Pseudomonas aeruginosa in that it was 

capable of producing acid from sucrose, sorbitol and m-inositol. Ajellow and 

Hoadley ( 1976) have reported a fluorescent Pseudomonad capable of growing 

at 41°C but distinct from P. aeruginosa. Pal and Pal (1986a) reported isolation of 

a fluorescent Pseudomonad from epithelial carcinoma of Anabas testudineus 

which had similarities with P. fluorescens but was capable of growing at 42°C. 

The biochemical tests that were done did not give any clue as to which species 
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P01 may belong. Thus a further detailed study is awaited in order to decide its 

taxonomic status and nomenclature. 

Pigment production, inability to grow at 41°C and acid production from 

sucrose indicate that P02, P03, P04 and P06 resembled P. fluorescens. 

Denitrification ability, inability to produce levan from sucrose and acid from 

sorbitol and m-inositol suggested that P02 belonged to biovar Ill. However, this 

strain differed from biovar Ill in that it was able to produce acid from sucrose. 

P03 and P04 could not reduce nitrate and was unable to produce acid 

from adonitol. The overall biochemical characters were similar to P. fluorescens 

biovar V. All reactions of P03 and P04 were similar except that P03 could not 

produce acid from m-inositol. 

P05 like P01 was also capable of growing at 42°C but unlike P01, it was 

unable to produce acid from sucrose, sorbitol, m-inositol and adonitol. Thus it 

resembled P. aeruginosa (Palleroni, 1984) but it did not produce pyocyanin in 

King's A medium. The biochemical characteristics of P05 resembled R2 but it 

was found to be non pathogenic. 

The biochemical profile of P06 indicated that it had similarities with biovar 

II and IV of P. fluorescens but by the tests that were done, it was not clear that 

among the two biovars, exactly to which it belonged. Thus a more detailed 

characterization is required in order to specify its exact taxonomic status. 

Isolates A01, A02, A03, A04, A05 and A06 were gram negative straight 

rods, motile, catalase positive oxidase positive, indole positive, reduced nitrate 

to nitrite and attacked glucose by fermentation. Thus they belong to the genus 

Aeromonas (Popoff, 1984). They were not considered to belong to the genus 

Vibrio because all the isolates produced gas from glucose. Species of Vibrio 

except V. fluvia/is biotype II and V. gazogenes do not produce gas from glucose 

(Baumann et a/, 1984) V. fluvia/is biotype II are curved rods and gives a 

negative indole test, while V. gazogenes produces a red pigment and gives a 

negative oxidase test. Morphologically they were distinct from Aeromonas 

salmonicida in that all of them were motile straight rods mostly in singles and 

some in pairs and no chains or clumps of coccobacilli as shown by A. 
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salmonicida were observed. Moreover, all the isolates were capable of growing 

at 37°C while none of the strains of A salmonicida can grow at this temperature. 

Among the Aeromonas strains isolated, A01, A03, A04 and A05 

phenotypically resembled Aeromonas hydrophila, since it produced gas from 

glucose, H2S from cystein, gave a positive VP test and produced acid from L

arabinose (Popoff, 1984). A02 showed a negative VP reaction and also did not 

produce acid from L-arabinose. However, it was capable of producing gas from 

glucose and H2S from cystein. Hence A02 phenotypically resembled A sobria. 

A06 also phenotypically resembled A sobria, but it differed from A02 in that it 

showed a positive VP reaction. 

The isolate V01 was gram negative straight rods, motile, oxidase 

positive, catalase positive, did not produce gas from glucose and attacked 

glucose by fermentation. The overall biochemical profile showed that the 

bacteria belonged to the genus Vibrio. It was not considered to belong to the 

motile Aeromonas group because it gave a negative indole test and also did not 

produce arginine hydrolase in Thomley's media. 

The morphological features and biochemical tests showed that the 

isolate M01 belonged to the genus Moraxella (B0vre, 1984a). The bacteria were 

gram negative short rods, non motile, occurring mostly in pairs and some in 

short chains. The isolate was both oxidase and catalase positive which 

distinguished it from Acinetobacter and Kingella, which are two other genus of 

the family Neisseriaceae (B0vre, 1984b). The genus Neisseria is also catalase 

and oxidase positive but morphologically, they are coccoid (Vedros, 1984). 

Morphological and biochemical tests show that the isolate 801 belongs 

to the genus Bacillus. The bacteria were motile gram positive rods, catalase 

positive, oxidase positive, produced endospores and attacked glucose by 

oxidation. The spore was in the central position of the bacterium and the 

sporangium was not swollen. It differed from other endospore forming bacteria 

belonging to other genera in that it was both catalase and oxidase positive. 

(Claus and Berkeley, 1986). Differentiation between species in the three genera, 

Bacillus, Moraxel/a and Vibrio was not attempted. 
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The morphological and biochemical characteristics of the isolate C01 

showed that the bacteria was coccoid, gram positive, non motile, catalase 

positive, oxidase positive and attacked glucose by oxidation (Kocur, 1986a). 

Thus it belonged to the genus Micrococcus. It differed from the genus 

Staphylococcus in that unlike Staphylococcus which fennents glucose 

anaerobically, the isolate C01 attacked glucose oxidatively. C01 was not 

considered to belong to the genus Planococcus, which is another member of the 

family Micrococcaceae because unlike Planococcus which was motile with one 

or two flagella, C01 was non motile (Kocur, 1986b). Since C01 produces a 

yellow pigment and was able to grow on Simmons citrate agar, it was similar to 

Micrococcus varians. 

Among other microorganisms, a fungus was observed in the 

lesion of C. batrachus (section 4.2.4). Morphologically it was aseptate and 

moderately wide with branchings. However, in culture, it became thin and 

delicate and its overall maintenance was very difficult. Various workers (Roberts 

et a/, 1993; Willoughby et a/, 1995) have emphasized the association of a highly 

invasive oomycetic fungus in the lesions of epizootic ulcerative syndrome 

affected fishes. It seems likely that the fungus isolated during this study was 

almost similar to that described by Roberts et a/ (1993) and Willoughby et a/ 

(1995). It's growth temperature also matched that of the Aphanomyces invaderis 

observed by Roberts eta/ (1993). The fungus died if kept at 32°C for a long 

period. 

Though this was only a single case where Aphanomyces sp. was 

observed, it is still possible that this fungus is associated with EUS. This is 

because, the time of isolation of this fungus was during early January which is 

the coldest period of the year in the northern part of West Bengal (North Bengal) 

when temperature normally varies between 8° to 20°C. The isolation of bacteria 

from fishes in South Bengal was during early December when the temperature 

just begins to fall and at this time it nonnally varies between 16°C to 32°C in this 

region. Moreover, the summer temperature in some regions of South Bengal 

including the area from which the diseased fishes were collected may reach as 

high as 41 °C when there is little possibility of this fungus to survive within the 

fish body (Chinabut, 1995). But in North Bengal, the summer temperature is 
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usually around 30 to 35°C and it very rarely goes above 35°C. Thus North 

Bengal is a better habitat for the fungus to survive and this may explain its 

presence only in fishes of North Bengal. However, this is only a preliminary 

indication of the association of fungal elements with EUS and a more detailed 

study on a wider geographical expansion with more fishes remains to be done. 

However, the non association of fungus in fishes from warmer climates indicates 

that Aphanomyces sp. is also a secondary pathogen and not the initiating factor 

behind the outbreak of the disease. Srivastava (1979) reported Aphanomyces 

infection in C. batrachus in the state of Uttar Pradesh, India, in 1974, long 

before the outbreak of EUS in this country. Qureshi eta/ (1995a) isolated seven 

species of fungi belonging to the genera Saprolegnia, Achlya and Aphanomyces 

from the lesions of EUS affected fishes. Chinabut et a/ (1995) observed that 

since the epizootic ulcerative syndrome related Aphanomyces sp. is pathogenic 

at low temperatures, this can only explain the lack of infection other than the 

winter season but does not resolve the problem of petsistence of infection from 

year to year. The hyphae and the spores of the fungus do not survive in water 

temperatures over 31 °C for any length of time which rules out the possibility of 

carrier fish holding the infection over the period. 

In tropical Asia, especially in countries like India, water temperature 

regularly reach upto 33° to 36°C for some time each year. So it is very much 

unlikely that this delicate strain of Aphanomyces sp. can at all survive in tropical 

Indian waters and therefore cannot be thought as the cause of the ulcerative 

disease outbreaks in India. 

During the present study, Pseudomonas and Aeromonas were the most 

predominant bacteria isolated from the diseased fishes. Bacteria belonging to 

other genera were also present but they seem to be unrelated to the disease. 

Only strains of Pseudomonas sp. and Aeromonas sp. were found to be 

pathogenic. Qureshi et a/, (1995b) also found Aeromonas sp. and 

Pseudomonas sp. to be pathogenic among nine types of bacteria isolated from 

EUS positive fishes. In the present study, four of the six strains of Aeromonas 

isolated resembled A. hydrophila and two strains resembled A. sobria. Two 

strains resembling A. sobria were found to induce ulcers in healthy C. punctatus 

and H. fossilis. Two strains of A. hydrophila ere also found to induce ulcers. 
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Among the Pseudomonads, the two strains which were found to be pathogenic 

resembled P. fluorescens. 

There is some difference in the types of bacteria isolated from different 

fish species. While among the six isolates from C. punctatus, four were 

Pseudomonads and one Aeromonad; one Pseudomonad and three 

Aeromonads were isolated from ulcers of Puntius sp. Among the bacteria 

present in the ulcers of Mystus sp., two were identified as Aeromonas sp. and 

one was identified as Pseudomonas sp. While Pseudomonads and Aeromonads 

were consistently isolated from all fishes, there were variations in other types of 

bacteria that were present at the ulcer site. Beside Pseudomonads and 

Aeromonads, Bacillus sp. was the only other bacteria that was isolated from C. 

punctatus while Micrococcus sp. was the only other bacteria that was isolated 

from Puntius sp. In Mystus sp. one strain of Moraxe//a sp. and one strain of 

Vibrio sp. were isolated from the skin lesion besides Aeromonas and 

Pseudomonas. This wide difference may be explained by the fact that barring 

Pseudomonas and Aeromonas, the other bacteria reflects the microflora of the 

environment and bears no relationship with the disease. These explanation is 

supported by the non pathogenicity of these bacteria. Other workers (Shewan, 

1961; Campbell and Buswell, 1983) have also reported that fish microflora is 

affected by the environment. 

One pathogenic Pseudomonad and one pathogenic Aeromonad each 

were isolated from C. punctatus and Mystus sp. These bacteria, however, 

differed phenotypically from each other. While A01, isolated from C. punctatus 

resembled A hydrophi/a, A07 isolated from Mystus sp. resembled Aeromonas 

sobria. These findings were similar to those observed by Karunasagar et a/ 

(1995) who isolated both A hydrophila and A sobria from internal organs and 

external lesions of EUS affected fishes. They found A sobria to be the more 

common species both in ulcers and internal organs of the diseased fishes. They 

also found A hydrophila and A sobria to be present in the internal organs of 

fishes during the assymptomatic stage of the disease. However, due to lack of 

homogeneity in the phenotypic characters and LD50 values among these 

isolates, they suggested that the role of Aeromonas sp. in the outbreak may be 
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secondary in nature. However, these results differ from Torres et at (1993) who 

found A. hydrophita to be the only pathogenic (both highly virulent and weakly 

virulent) bacteria. Subasinghe et at (1990) and Llobrera and Gacutan (1987) 

also found A. hydrophita to be consistently associated with the ulcers. 

Among the Pseudomonads, though both P02 isolated from Channa 

punctatus and Mystus sp. resembled P. fluorescens, they differed in their 

biochemical characters. While P02 resembled biovar Ill of P. fluorescens, P06 

was similar to biovar II and IV . On the other hand, no pathogenic Pseudomonas 

was isolated from ulcers of Puntius sp. Both the pathogenic bacteria belonged 

to Aeromonas sp. among which A02 resembled A. sobria and A03 resembled A. 

hydrophita. Thus the inconsistency in the bacterial isolates from different fish 

species is quite distinct. This tends to suggest that these are opportunistic 

pathogens which have invaded the fish secondarily. Another notable feature is 

that A. caviae (R3) which was isolated by Pal and Pradhan (1990) from EUS 

affected fishes of North Bengal and was thought to play an initiating role in the 

disease (Pradhan, 1992) was not at all detected in diseased fishes from South 

Bengal. Moreover, the virulence of all the present isolates were much less than 

R1, R2 and R3. 

The complex nature of epizootic ulcerative syndrome which involves 

multiple pathogens makes it difficult to control the disease by the development 

of suitable vaccines. Application of antibiotics provides an easy alternate to 

control the spread of the disease effectively. 

The results of drug disc diffusion study of the pathogenic bacteria i.e., 

R 1, R2 and R3 responsible for inducing ulcers in fishes along with other 

pathogenic Pseudomonad and Aeromonad isolates showed that all these 

bacteria were highly susceptible to the antibiotic oxytetracycline (section 4.2.6, 

Tables 22-25). Moreover, 94.74% of all the bacteria tested were found to be 

sensitive to oxytetracycline (Table 27). The low MIC values ( 3·2 llg/ml for R1 

and R2 and 6· 4 llg/ml for R3) also confirmed that oxytetracycline would be 

suitable for the treatment of ulcers induced by R1, R2 and R3. This was an 

important finding considering that oxytetracycline resistant strains of Aeromonas 

and Pseudomonas were reported from different countries around the wor1d. It 
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was reported from Scotland {Inglis eta/, 1991), France, UK, Ireland (Hedges et 

a/, 1985), Thailand (Aoki et a/, 1990), Nigeria (Okpokwasili and Okpokwasili, 

1994), China (Bai, 1995), Japan (Aoki, 1977), USA (Shotts et a/, 1976) and 

recently and most alarmingly from adjoining Bangladesh (Chowdhury and Inglis, 

1995). 

Inglis eta/ (1991) found that out of 304 Aeromonas salmonicida strains 

that were isolated from fishes suffering from furunculosis, 55% were resistant to 

oxytetracycline. Okpokwasili and Okpokwasili (1994) observed that about 23 A. 

hydrophila strains isolated from tilapia with brown patch disease showed 

resistant phenotypes of AmCt x SuTeCz indicating their multiple resistance to 

ampicillin, colistin sulphate, sulphonamide, tetracycline and cotrimoxazole. The 

10 Pseudomonad isolates were resistant only to ampicillin. Aoki {1992) reported 

an overall increase of drug resistant pathogenic bacteria. Bai (1995) found that 

out of 55 isolates of pathogenic A. hydrophila from catfish, 24% demonstrated 

high resistance towards oxytetracycline (MIC ~ 250 mg/t). ln many cases 

transferable R plasmids were detected in the drug resistant bacterial strains of 

A. hydrophila (Akashi and Aoki, 1986) and Pseudomonas fluomscens (Aoki et 

a/, 1977). Pseudomonas aeruginosa has also been reported to carry R plasmids 

{Levy, 1984). The most common type of R plasmids of A. hydrophila in Japan 

had markers resistant to sulphonamide, tetracycline and to chloramphenicol, 

sulfonamide and streptomycin {Aoki, 1992). During the present study, a 

particular strain of Aeromonas sp. (A04) isolated from the skin ulcer of Puntius 

sp. was found to be resistant to penicillin, ampicillin, erythromycin, gentamycin 

cotrimoxazole, oxytetracycline and amoxicillin {Table 26). All isolates were 

resistant to penicillin, ampicillin and erythromycin. In addition some strains were 

resistant to gentamycin and cotrimoxazole. Among the Pseudomonads, all were 

resistant to penicillin and ampicillin. Additionally some were resistant to either 

cotrimoxazole or erythromycin or both. Drug resistance were noted among all 

other isolates except Vibrio sp. (Table 26). However reports of drug resistance 

among Vibrio sp. is quite common. Vibrio anguil/arum isolated from cultured ayu 

in Japan were resistant to as many as seven antibiotics (Zhao et a/, 1992). 
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Vibrio sp. isolated from diseased specimens of P. monodon in Thailand were 

resistant to oxytetracycline (Chanratchakool eta/, 1995). 

Considering the susceptibility of R 1, R2 and R3 to oxytetracycline, this 

antibiotic was chosen for treating the ulcers induced by these bacteria. This 

finding was further confirmed by the MIC values which clearly showed that 

oxytetracycline would be suitable for the treatment. In the present study, the MIC 

values of oxytetracycline for R1 and R2 were 3 ·2 f.Lg/ml and for R3, the value 

was 6·.4 f.lg /mi. Martinsen eta/ (1992) reported a wide range of MIC values of 

oxytetracycline against different strains of A salmonicida, V. anguil/arum, V. 

salmonicida and Y. ruckeri. The MIC values tested against 44 A salmonicida 

subsp. salmonicida strains ranged from 0.08 to 192.00 f.Lg/ml at 15°C. 

Considering the adverse effect of the antibiotic on the fish and the 

environment, oxytetracycline may be considered to be safer than others. It is 

one of the few antibiotics approved by the US Food and Drug Administration for 

use in the treatment of bacterial fish diseases. It is also used in various 

countries like Japan, Thailand, Indonesia, Norway, Australia, Philippines, 

Finland, U. K., Canada and Malaysia. Oxytetracycline has a very short half-life in 

both fresh water and sea water (Choo, 1994) and thus it poses very little danger 

to the aquatic environment. In the fish body, the antibiotic is rapidly eliminated 

from the system as soon as its application is withdrawn (Xu and Rodgers, 1994; 

Somsiri et a/, 1996). Earlier workers have reported that antibiotics including 

oxytetracycline are immunosuppressive (Rijkers et a/, 1980; Grondel and 

Boesten, 1982). Later, it has been demonstrated that oxytetracycline does not 

have long term effect on the immune response of fishes (Karunasagar et a/, 

1995; Ali et a/, 1997}. However, long term use of antibiotics may induce 

resistance in the target bacteria or in other bacteria present in the environment. 

Plasmid bome resistant determinants can be transferred to other susceptible 

bacteria which may render them resistant (Klein and Boehm, 1994). Hence it is 

emphasized that controlled use of antibiotics in the correct dose is very 

important. A dose lower than that required to kill the bacteria will not only be 

ineffective but also induce the development of resistance towards the antibiotic. 
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A higher dose on the other hand may be effective but will have adverse effect 

on the host and its environment. 

During the present study, different concentrations of oxytetracycline were 

tried for the treatment through bath administration and the fishes were exposed 

to the antibiotic for different time periods (section 4.2.7). The results clearly 

showed that among the doses of oxytetracycline that were tried, some were 

capable of lowering the mortality rates of the infected fishes (Tables 28-31). The 

mortality rate of fishes exposed to the highest concentration (500 J.lg/ml) of the 

antibiotic for the highest time period tried (60 min) was 26.6% in fishes 

previously inoculated with a mixed bacterial suspension as compared to 80% in 

the untreated fishes (Table 31 and Figs. 52-67). Results of the present study 

showed that there was an immediate check in the mortality of fishes especially 

when higher concentration of the antibiotic was administered for longer periods 

(Figs. 52-67). Exposure to lower concentrations of the drug for longer periods 

will require antibiotic in lower quantity and thus reduce the price of application. 

However, long periods of exposure of the fishes in the antibiotic solution in the 

treatment tanks will increase the risk of stress on the fishes. Both these factors 

need to be considered when formulating the exact dose of the antibiotic. The 

present study gives an idea on the antibiotic sensitivity of R 1 , R2 and R3 and 

ensures that the treatment was efficacious at a particular dose. This will help in 

restricting the unnecessary application of high doses of antibiotics. 

According to Jhingran (1990), total recovery was observed in EUS 

affected fishes where nalidixic acid and erythromycin at the rate of 50 mg per Kg 

body weight per day in a formulated micro encapsulated feed containing 30% 

protein and fortified with vitamin A and C was supplied for three days together 

with antibiotic bath (chloramphenicol @15 ppm). Purkait (1990) reported that 

antibiotics like terramycin @ 200 mg/ Kg feed had impede the disease within 1-2 

weeks in some areas of Chanditala in Hooghly district, West Bengal. Jain (1990) 

reported that the use of antibiotics like erythromycin @ 200 mg/Kg 

supplementary feed had been observed to control the ulcerative disease in 

government farm at Kalyani, West Bengal, India. Mahapatra et a/ (1996) 

reported that antibiotic tablets (trimethoprim and sulphamethoxazole) were given 

to the infected fish mixed with the daily supplementary feed@ 100 mg per Kg 
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feed for 10 days which successfully controlled EUS in fish. Das (1997) reported 

that in ge~eral, antibiotic either erythromycin or oxytetracycline at 60 to 100 mg 

per Kg of feed for seven days cured the ulcers of the diseased fishes. Besides 

antibiotics, formulated drugs such as CIFAX developed by CIFA, Bhubaneswar, 

India, is reported to show encouraging results in controlling EUS. The drug 

applied at 1 litre per hectare-meter of water area with the notice of the 

symptoms of EUS in the pond is reported to cure affected fishes within 7 days 

(Das and Das, 1993). Reports of total recovery of the naturally affected 

epizootic ulcerative syndrome positive fishes by application of drugs and 

antibiotics which are primarily antibacterial strongly suggest bacteria to be 

involved in the development of the disease. 

The method of application of antibiotics through the diet for treatment of 

fish diseases is relatively easier for treatment of large quantities of fish with 

minor labour cost and has thus become the most popular way of treatment. 

However, one of the first signs of the disease in fishes is reduction of appetite. 

Under such conditions, oral administration of antibiotics will create a situation 

where only the healthy fishes within a population that are still feeding shall be 

protected by the drug (Samuelson, 1997). Thus medicated feed application is 

more a prophylactic than a therapeutic measure (Kumar and Dey, 1991). In 

acute cases of the disease where most of the population is affected, most of the 

feed often remains untouched and falls to the bottom of the culture tank. If these 

are not removed, it will have an adverse impact on the environment. Moreover, 

there will be an wastage of large quantity of expensive drugs. By bath 

administration, all fishes are exposed to equal doses of the antibiotic. 

Thus it may be concluded that the treatment of diseased fishes through 

bath administration of oxytetracycline will produce effective results. However, an 

exact formulation of the dose is possible only after field trials in naturally 

infected fishes which is awaited. 
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The present study dealt with "Studies on the role of bacteria isolated from ulcers 

of fishes in causing ulcer in experimental fish" consisting of, 1) Studies on the 

pathogenicity of the three bacteria, R1, R2 (fluorescent Pseudomonads) and 

R3 (Aeromonas caviae) which were isolated from ulcers of fishes affected with 

epizootic ulcerative syndrome, 2) Histopathology of experimentally infected fish 

Heteropneustes fosillis after intramuscular injection with R1, R2 and R3, 3) 

Effect of the three pathogenic bacteria, R 1, R2 and R3 on the morphology of 

erythrocytes, total erythrocyte count (TEC) and haemoglobin (Hb) content of H. 

fossilis, 4) Studies on some virulence associated characters of R1, R2 and R3, 

5) Detection and partial purification of extracellular virulence factors of R1, R2 

and R3, 6) Observations on the external pathological condition of the epizootic 

ulcerative syndrome affected fishes, 7) Histopathological studies of the 

naturally infected EUS positive fishes, 8) Isolation of bacteria from the ulcerative 

lesion of naturally affected fishes, Channa punctatus, Mystus sp. and Puntius 

sp. from the South Bengal region and their characterization 9) Isolation of 

fungus from the fish, Clarias batrachus from the North Bengal region, 10) 

Pathogenicity testing of the isolated bacteria in C. punctatus and H. fossilis and 

a comparison with the pathogenicity of R 1, R2 and R3, 11) In vitro antibiotic 

susceptibilities of nineteen bacterial isolates from EUS affected fish 12) 

Antibiotic treatment of ulcers of the fish Channa punctatus caused by 

experimental induction of the bacteria, R1, R2 and R3. 

The ulcerative fish disease in an epizootic form occurred for the first time 

in Australia in 1972 with reccurrences in subsequent years. From the beginning 

of the last decade, severe disease outbreaks of a similar nature causing mass 

mortalities were reported from the countries of the Asia Pacific region one after 

another. Since the first appearance of the epizootic ulcerative syndrome in India, 

in May, 1988, in various north eastern states, it was distinct by its destructive 

nature and capacity of affecting a wide variety of fish species in both wild and 

cultured waters. It spread alarmingly and by the next two years it spread all over 

West Bengal, and also affected the adjoining states. By 1993 the disease 

spread all over India barring a few states. 
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The experiments conducted during the investigation has been presented 

in two broad sections. The first section (section 4.1) deals with studies on the 

involvement of three pathogenic bacteria R1, R2 (fluorescent Pseudomonads) 

and R3 (Aeromonas caviae) in the ulcerative disease of fishes. These bacteria 

were isolated from ulcers of epizootic ulcerative syndrome affected air breathing 

fishes from North Bengal region in 1988. The second section (section 4.2) deals 

with studies on fishes affected by epizootic ulcerative syndrome (EUS) collected 

from natural sources and isolation of microorganisms present in the lesion of 

EUS affected fishes from South Bengal. This section also includes a study on 

the treatment of ulcers of fishes experimentally infected with R 1, R2 and R3 in 

pure and mixed form by using the antibiotic oxytetracycline. 

Pathogenicity of R 1, R2 and R3 were tested on Heteropneustes 

fossilis. The LD50 values of R1, R2 and R3 were found to be be 9.97x105 cfu, 

4.45 x 105 cfu and 6.29 x 105 cfu respectively. The values showed that all the 

three bacteria were virulent. The virulence of R2 and R3 were almost similar and 

the virulence of R 1 was slightly low as suggested by its slightly higher LDso 

value. R 1, R2 and R3 were intramuscular11y injected to three economically 

important species of air breathing fishes (Anabas testudineus, Channa 

punctatus and Heteropneustes fossilis) in pure and in mixed form. Results 

showed that the mixed bacterial suspension was more virulent than the pure 

bacterial suspensions. Severe ulcers were induced at the injection site in fishes 

treated with a mixed suspension while moderate ulcers were induced in fishes 

injected with pure bacterial suspensions of R1, R2 and R3. All the three species 

were equally susceptible to R1, R2 and R3 when injected intramuscular11y either 

in pure or in mixed form. 

Histopathological studies were conducted on H. fossilis after 

intramuscular injection given to healthy fish with pure and mixed bacterial 

suspension of R1, R2 and R3. Results showed that, there was loss of epidermis, 

muscle necrosis, granulomatous response and blood capillary infiltration in the 

dermal and subdermal layers at the site of Injection. Liver showed vacuolation of 

hepatocytes, necrosis and infiltration of blood capillaries. In the kidney, 
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vacuolation, tubular degeneration and haemorrhage were the major changes. 

Haemosiderin laden macrophages were detected in the kidney of all infected 

fishes. The degree of pathological changes were comparatively less in the 

sections from fishes injected with pure bacterial suspensions than the sections 

from fishes injected with mixed bacteria. Presence of bacteria was observed in 

all tissue sections from affected fishes. 

Studies were conducted on the progressive changes in erythrocyte 

morphology, total erythrocyte count (TEC) and haemoglobin (Hb) content of H. 

fossilis after intraperitoneal injection with pure and mixed bacterial suspension of 

R1, R2 and R3. Disintegration of erythrocytes and presence of bacteria were 

noted in the blood smears of all infected fishes. Significant lowering of TEC 

and Hb content in all experimentally infected fishes revealed anaemic condition. 

Mixed bacteria infected fishes showed a greater decline in TEC and Hb content 

than pure bacteria injected fishes. 

Studies were conducted on the virulence associated characters of the 

three pathogenic bacterial isolates R1, R2 and R3. It was observed that all the 

bacteria exhibited proteolytic, lipolytic and haemolytic activity. Lecithinase was 

secreted by all the bacteria and all were able to hydrolyze gelatin. However, all 

the bacteria showed negative VP test. 

Cell free culture filtrates containing the extracellular products of the 

pathogenic isolates R 1, R2 and R3 were injected to healthy Ana bas testudineus. 

Local haemorrhage was observed in the experimental fishes indicating that all 

the bacteria secrete extracellular toxic substances which may be responsible for 

the pathogenicity of these bacteria. The extracellular virulence factors were 

partially purified by gel filtration in a sephadex G-200 column. Two major peaks 

were eluted from culture filtrates of all bacteria and in all cases, the second peak 

was found to be toxic. The second peak also showed haemolytic and proteolytic 

activity. 

EUS affected fishes collected from natural sources were brought to the 

laboratory for further observations. The ulcers were grouped into three major 

types : superficial, moderate and severe. A description of the three types of 

ulcers has been presented. 
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Histopathological observation of the sections through the ulcers of 

naturally infected fishes (H. fossilis) showed loss of epidermis, severe 

granulomatous changes, blood capillary infiltration and muscle necrosis. Liver 

showed severe vacuolation of the hepatocytes and infiltration of blood 

capillaries. Sections from kidney showed presence of haemosiderin laden 

macrophages along with tubular vacuolation and necrosis in some regions. 

Blood smear preparation showed erythrocyte disintegration and presence of 

bacteria in the naturally affected fish, H. fossilis. Tissue sections from naturally 

affected fishes and experimentally inoculated fishes (H. fossilis) with a mixed 

bacterial suspension of R 1, R2 and R3 showed notable similarities. Similarities 

were also noted in blood smear preparations from naturally and experimentally 

infected fishes. 

Bacteria were isolated from the lesions of naturally infected Channa 

punctatus, Mystus sp. and Puntius sp. collected from South Bengal and they 

were characterized by various biochemical tests. Among the isolates of C. 

punctatus, four belonged to the genus Pseudomonas and among the rest two, 

one belonged to the genus Bacillus and one belonged to the genus Aeromonas. 

Among the isolates of Mystus sp. three belonged to the genus Aeromonas, one 

was found to be Moraxella sp. and the remaining one belonged to the genus 

Pseudomonas. Among the isolates of Puntius sp. one belonged to the genus 

Micrococcus, another one belong to the genus Pseudomonas and the rest were 

identified as motile Aeromonas sp. Fungus or any other microorganism could 

not be detected in the ulcers of fishes from South Bengal. 

Fungus was detected in the smear preparation of only one fish C. 

batrachus obtained from North Bengal. The fungus was isolated and its 

morphological features were examined after staining with cotton blue. the 

fungus from the fish tissue was aseptate and moderately wide with branchings. 

The spores were arranged in a single row inside the zoosporangia. The 

zoospores were circular and were encysted. It showed similarities with 

Aphanomyces sp. 

Pathogenicity studies with the new bacterial isolates showed that only 

some strains of bacteria belonging to the genus Aeromonas and Pseudomonas 
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were virulent. Among the Aeromonads, A01, A02, A03 and A06 were found to 

be pathogenic. Among the Pseudomonads, P02 and P06 were found to be 

pathogenic. Isolates belonging to the other genera such as Micrococcus sp., 

Moraxella sp., Bacillus sp. and Vibrio sp. were found to be non pathogenic. All 

these pathogenic isolates were however, much less virulent in comparison to 

R1, R2 and R3. 

The antimicrobial susceptibility of all bacteria isolated during the present 

study from skin ulcers of diseased fishes and R 1, R2 and R3 were measured by 

the drug disc diffusion method in Mueller Hinton agar plates. Results showed 

that more than 50% of the bacteria were resistant to penicillin, ampicillin and 

erythromycin. More than 90% of the bacteria were sensitive towards 

chloramphenicol, kanamycin, nalidixic acid, norfloxacin, streptomycin and 

oxytetracycline. 

Considering the susceptibility of R 1, R2 and R3 to oxytetracycline, this 

antibiotic was chosen for treating the ulcers induced by these bacteria. This 

finding was further confirmed by the MIC values which clearly showed that 

oxytetracycline would be suitable for the treatment. In the present study, the MIC 

values of oxytetracycline for R1 and R2 were ~·2 f.Lg/ml and for R3, the value 

was 6 · 4 f.Lg /mi. Studies were conducted on the bath treatment of fishes 

experimentally infected with R 1 , R2 and R3 with the antibiotic oxytetracycline. 

The results showed that among the doses of oxytetracycline that were tried, 

some were capable of lowering the mortality rates of the experimentally infected 

fishes. However, for exact formulation of the drug, field trials are awaited. 
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