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The epizootic ulcerative syndrome (EUS) first broke out in India in 1988. It is 

the most dreadful disease affecting various types of fresh and brackish water 

fishes in India. Though the degree of the occurrence of EUS is now 

decreased in different parts of India in North Bengal the disease has been 

occurring every year during a definite period of the year i.e. generally from 

October to March. A lot of research work is being conducted to identify the 

exact aetiology of the disease. In the present study an attempt has been 

made to find out the role of pathogenic bacteria and fungus isolated from the 

ulcers of EUS affected fish of North Bengal. 

Two virulent strains of Pseudomonas sp. (R1 and R2) and one virulemt 

strain of Aeromonas caviae were isolated from ulcerative air breathing fishes 

from North Bengal in 1988 and reported earlier to be pathogenic to Ana bas 

testudineus (Pal and Pradhan, 1 990). Some workers reported presence of 

fungus within the ulcers of EUS affected fishes. But little experimental work 

has been carried out on the role of fungus, Aphanomyces in causing ulcer in 

fishes in India. 

During the entire study period 300 EUS affected fish of different 

species were collected (Sec. 4.1 ). The ulcers were categorized into three 

major types i.e. superficial, moderate and severe depending on the nature of 

ulcer. The histopathological observation of ulcer tissue of different fishes 

showed loss of epidermis granulomatoas changes and necrosis of the 

muscle. Sections of the liver of infected fishes showed presence of 

vacuolation of the hepatocytes and infiltration of blood capillaries. Sections of 

kidney showed tubular vacuolation and necrosis in some region. Sections of 

spleen showed degenerative changes and necrosis. 

Callinan et. a/. (1 989) described EUS of mullets in Australia and 

grouped into four types: erythromatous dertnatitis, intermediate types, 

necrotizing dermatitis and dermal ulcer. Viswanath et. a/. (1 997) categories 

EUS lesions into three types e.g. Type-! (early lesion), Type II (moderately 

advanced lesion) and Type Ill (advanced lesion). Chinabut and Roberts 
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(1990) classified EUS into five types depending on clinical patterns: Type I, 

Type II, Type Ill, Type IV and Type V. 

In our study three species of naturally infected fishes were observed 

histopathologically (Sees. 4.2.1, 4.2.2. & 4.2.3.). The ulcer tissue of all fishes 

showed the presence of nonseptate invasive fungal hypae which were 

stained black with Grocott's methenamine silver stain (GMS) and pink with 

PAS stain. The sections of severe ulcer showed the complete loss of 

epidermis and granuloma formation with necrotic changes in the dermis and 

underlying musculature. In some sections budding of fungal hypha was also 

found. 

Kumar et. a/. (1991) reported the complete loss of epidermis of the 

skin at the ulcer area where dermis and hypodermis showed characteristic 

cyst like or- nodule like granulomatous formation. The muscle layers also 

showed granuloma formation. The sinusoidal spaces and blood vassals were 

congested in the liver tissue and plenty of lymphocytes were present in the 

liver parenchyma. The haematopoietic tissue showed proliferation of 

macrophage cells which indicated the inflammatory response. Qureshi et a/. 

(1995) found that the epidermis of the infected C/arias batrachus were 

destroyed completely and wherever it existed it showed spongiosis. The 

dermis lost its original compactness. 

Aseptate fungus was isolated from EUS affected Channa striata, C. 

punctata, Labeo rohita and L. bata (Sec. 4.3). All the isolates (Fcp1, Fcs1, F1r1 

and Flb1) formed sporangia at the hyphal tip not wider than hyphae in GPY 

medium and ball of spores was noticed at the tip of the sporangium. They did 

not grow at 37°C. All the isolates showed the similar characteristics and they 

resembled Aphanomyces sp. 

Srivastava (1979) reported Aphanomyces infection in C. batracus in 

Uttar Pradesh, India, in 1974, long before the outbreak of EUS in this country. 

Fraser eta/. (1992) reported the Aphanomyces sp. association in RSD 

outbreak in Australia in 1989. Roberts et a/. (1993) reported presence of a 
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morphologically typical fungus in fish affected with epizootic ulcerative 

syndrome taken from Asia. Paclibare et. al, (1994) reported fungal isolation 

from EUS affected fishes.Callinan et. a/. (1995a, b) reported the isolation of 

Aphanomyces sp. from EUS in Philippines and RSD affected fish in 

Australia. Mohan and Shankar (1995) reported the presence of fungal hyphae 

with severe necrosis of the dermis and epidermis. They also reported that 

fungal hyphae were surrounded by one to several layers of macro phages and 

invested by fibroblasts. Cruz-Lacierda and Shariff (1996) reported the 

association of highly invasive broad (upto 24.6 Jlm in dioameter) branched 

aseptate fungal hyphae with EUS. 

Lilley and Roberts (1997) reported about the isolation of Aphanomyces 

sp. from EUS infected fish of Bangladesh Philippines and Indonesia. 

Viswanath et. a/. (1998) reported s'pread of the fungus to all direction from the 

center of the dermal tissue. The ulcer in the advanced stage showed mycotic 

granulomatous responses and massive necrotic changes associated with 

fungal invasion in the integument and skeletal musculature. They also 

reported invading fungal hyphae in the abdominal viscera and fungal 

granuloma in the kidney, liver and digestive tract. But in our observation we 

did not find the invasion of fungus in the liver, kidney and spleen. 

Among the bacteria that were isolated in this study (Sec. 4.4) from the 

external lesion of EUS positive fishes of North Bengal the morphological 

features and biochemical profile of Cs1, Cs2, Cs3, Cs4, and LrS, revealed that 

these bacteria were gram negative rods, motile, catalase positive, oxidase 

positive, non spore forming, attacked glucose oxidatively. All produced a 

yellow-green pigment except Cs2 which diffused into the medium when grown 

in medium B of King. (Table 3-7). Thus they belonged to the genus 

Pseudomonas (Stanier eta/., 1966; Palleroni, 1 984). Cs2 satisfied most of the 

characteristics of Pseudomonas fluorescens but it produced a raddish brown 

pigment instead of the usual yellow-green pigment and was capable of 

growing at 42°C. So it was not regarded as P. f/uorescens. Some strains of 

Pseudomonas aeruginosa produces a dark red (Palleroni, 1984) or brown 

J 
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(Barrow and Feltham, 1993) pigment and this bacteria is also capable of 

growing at 42°C. However, Cs2 differed from Pseudomonas aeruginosa as 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 40°C but distinct from P. aeruginosa. Pal and Pal (1986a) reported 

isolation of a fluorescent Pseudomonad from epithelial carcinoma of Ana bas 

testudineus which had similarities with P. f/uorescens but was capable of 

growing at 40°C. The bicochemical tests that were done did not give any clue 

as to which species Cs2 may belong. Thus a further detailed study is awaited 

in order to decide its taxonomic status and nomenclature. 

Pigment production, inability to grow at 40°C and acid production from 

sucrose indicate that C51 , Cs3, Cs4 and LrS, resembled P. f/uorescens. 

Denitrifiction ability, inability to prbduce levan from sucrose and acid from 

sorbitol and m-inositol suggested that c., belonged to biovar Ill. However, 

this strain differed from biovar Ill in that it was able to produce acid from 

sucrose. 

Cs3 and Cs4 could not reduce nitrate and was unable to produce acid 

from adonitol. The overall biochemical characters were similar to P. 

f/uorescens biovar V. All reactions of Cs3 and Cs4 were similar except that Cs3 

could not produce acid from m-inositol. 

l,5 was also capable of growing at 40°C it was unable to produce acid 

from 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 LrS resembled R2 (Pal and Pradhan, 1990) but 

it was found to be non pathogenic. 

Isolates Cs5, L,, lr2, and l,4 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. 
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Among the Aeromonas strains isolated, Css, L,1 lr2. and Lr4 

phenotypically resembled Aeromonas hydrophifa, since it produced gas from 

glucose, H2S from cystein, gave a positive VP test and produced acid form L

arabinose (Popoff, 1984 ). Lr1 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 lr1 phenotypically resembled A. 

sobria. 

The morphological features and biochemical characteristics of the 

isolate Lr3 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 the unlike Staphylococcus which fennents glucose 

anaerobically, the isolate Lr3 attacked glucose oxidatively. Lr3 was not 

considred 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, Lr3 was non motile (Kocur, 1986c). Since Lr3 

produces a yellow pigment and was able to grow on Simmons citrate agar, it 

was similar to Micrococcus varians. 

Intramuscular injections of R1 , R2 (Pseudomonads spp.) and R3 

(Aeromonus cavae) were given to healthy Channa punctatus and Cyprinus 

carpio in pure and in mixed condition (section 4.5 & 4.6). Mortality data 

(Table 9 & 10 ) showed that the mixed bacterial suspension was more virulant 

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 R 1, R2 and 

R3. 

Lio-Po et at, 1992; Leana et at, 1995 found that experimentally 

Aeromonads and Pseudomonads caused ulcer in healthy snakehead (C. 

straita) and walking fish (C. batrachus) when injected intramuscularly. 
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Besides Aeromonas sp. and Pseudomonas sp., various other types of 

bacteria wre also found to be associated with epizootic ulcerative syndrome. 

Jhingran and Das (1990). 

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. 

Mukherjee et a/, (1995) reported associateion of Chemoautotrophic 

nocardiofonn (CAN) bacteria with EUS . 

Pseudomonads and Aeromonads were reported to be highly 

pathogenic while Micrococcans and Cytophagans were less pathogenic 

(Qureshi et a/1995b). 

Experimentally, the zoospores of the fungal isolate (Fcs1) induced ulcer 

in helthy C. punctatus and produced typical granulomas in the dennis and 

underlying musculature (Sec. 4. 7 and 4.11 ). It also induced histopathological 

changes in the liver, kidney and spleen of the experimental fishes. Presence 

of the fungus was detected in the sections of the ulcer of experimental fishes 

but no fungus was detected in the liver, kidney and spleen. 

Roberts et a/. (1993) reported that a survey of fishes affected with 

epizootic ulcerative syndrome taken from outbreaks in countries throughout 

South and Southeast Asia showed constantly the presence of a 

· morphologically typical fungus within the lesion. When mycelium from 

pathogenic isolates of Aphanomyces sp. was placed below the dennis of 

healthy fishes, it caused an inflammatory response and proceeded to migrate 

down into the tissues of fishes inducing sever~myonecrosis with chronic 

epithelial reaction. Chinabut et a/., (1995) inoculated snakeheads, C. striata 

(Bloch), with a spore suspension of Aphanomyces sp., isolated from EUS 

affected fish in Southeast Asia. Fish were held at three different temperatures 

19,26 and 31°C. In the early stages of the disease degenerative changes 
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were observed in all samples, but inflammatory infiltrate was much more 

marked in fish kept at 26°C and 31°C while fish kept at 19°C developed a 

severe invasive.myonecrosis with limited macrophage response. From 14 to 

28 days, post-infection healing become well established at 26°C and 31°C 

and surviving fish kept at these temperatures recovered completely by 28 

days. The lesion was still progressing at 21 days post-injection in fishes kept 

at 19°C and all such fish succumbed by this time. The mortalities in the fishes 

kept at 19°C were considerably higher than in the group of fishes kept at 26 

and 31°C. The findings explain the mortalities from EUS occurring when 

water temperatures are low. 

Lilley and Roverts (1997) reported that a distinct species of 

Aphanomyces was responsible for much of the characteristic pathology of 

epizootic ulcerative syndrome. Zoospores of 58 fungal isolates were injected 

intermuscularly in snakehead fishes, C. striata (Bloch). These fungi 

comprised Aphanomyces strains isolated from EUS affected fishes; 

saprophytic Aphanomyces, Ach/ya and Saprolegnia spp. from contaminated 

waters; and further saprolegniaceous fungi involved in other diseases of 

aquatic animals. Only the Aphanomyces strains isolated from fishes affected 

by EUS. Australian red spot disease (already considered synonymous with 

EUS) or mycotic granulomatosis described from Japan were able to grow 

invariably through the fishes muscle and produce the distinctive EUS lesions. 

In the present study the mortality of experimental fishes treated with 

zoospore suspension was 44% at 25.±.1°C. Chinabut eta/. (1995) showed that 

at 19°C the mortality of the fishes treated with zoospores was 40% and at 

26°C the mortality was 12%. In the present work it was also found that 

mortality of the experimental fishes increased (Table 13) when the fishes 

were treated with zoospore suspension along with a bacterial suspension 

(R1, R2 and R3 in pure condition) (Sec. 4.9). Similarly higher percentage of 

mortality was recorded in experimental fishes (Table 9 and 10) treated with 

mixed bacterial suspension (R1, R2 and R3 in mixed condition). 
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Altogether, five Pseudomonas sp., four Aeromonas and one 

Micrococcus sp. were isolated from the infected L. rohita and C. straita (4.8). 

Out of these ten bacteria five Pseudomonas sp. and four Aeromonas sp. 

were pathogenic and produced ulcer when injected intramuscularly (0.5 

mL/100g body weight). 

Severeal other workers (Boonyaratpalin, 1989; Subhashinghe et a/, 

1990; Chattopadhyay eta/. 1990; McGaray eta/. 1991; Torres eta/ 1993; 

Cartwright et a/ 1994) also reported that association of mainly Aeromonas 

and occasionally Pseudonomonas with epizootic ulcerative syndromes. 

Karunasagr eta/ (1989) and McGaray eta/ (1991) had recovered Aeromonas 

hydrophila and Aeromonas sobria m·ore often than other bacteria. Pal and 

Pradhan (1990) on the other hand found Aeromonas caviae and two other 

fluorescent Pseudomonads were involved in EUS. 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 not primary pathogens. 

In the present study, histological observations reveal severe 

hitopathoglogical changes of the liver,. kidney and spleen and at the injection 

site of C. carpio experimentally infected by the two pathogenic 

Pseudomonads (R 1 and R2) and the Aeromonad (R3) (Sec.4.1 0). A nectrotic 

response in the dermis and degeneration of the muscle fibres was observed 

but no granuloma formation was detected in the dermis and underlying 

musculature (Figs. 73, 75, 76, 78, 79 and 80). The liver showed vacuolatin, 

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. Bacteria were found to be 

present in the tissue sections of the liver, kidney and 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 
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Aeromonad and Pseudomonad (Kumar et a/, 1991; Pradhan, 1992; Pal and 

Pradhan, 1995; Prasad eta/, 1995; Qureshi eta/, 1995b). 

EUS is defined as a seasonal epizootic condition of freshwater and 

estuarine warm water fish of complex infectious etiology characterized by the 

presence of invasive Aphanomyces and necrotizing ulcerative lesions 

typically leading to a granulomatous response (Roberts et a/., 1994). 

However,studies have shown that a rhabdovirus, the bacteria (Aeromonads) 

and the fungus Aphanomyces have been consistently associated with EUS 
' 

affected snakehead 0. ,sttjaf!i'.~ · (Freichs et a/., 1986; Lio-Po et a/., 1992; 

Robert et a/., 1993; Caliinan et a/.; 1995). So far, none of these pathogens 

have been conclusively proven to be the primary agent of EUS (Freichs et a/., 

1993; Chinabut eta/., 1995; Lio-Po eta/., 1996; Lilley and Roberts, 1997; Lio

Po eta/., 1998}. 

So from the above discussion and from our study it can be concluded 

that an aseptate fungus Aphanomyces sp. which is capable of growing by 

budding weaken the tissue of affected fishes exerts the pathological changes 

in the fnfected areas. Bacteria are also playing important role in the 

manifestation of the disease which is revealed from the severe 

histopathological changes in the liver, kidney, spleen and at the injection site 

of experimental ·fishes. Fungal zoospore suspension induced typical 

granulama formation in the dermis and muscle layer in experimental fishes 

very similar to the naturally infected fishes. Higher percentage of mortality 

was recorded in experimental fishes treated with mixed culture of bacteria 

and in fishes treated with 'zoospore suspension along with a bacteria. The 

mortality rate of initial . outbreak of the disease was higher. It was quite 

possible in the initial outbreaks involvement of more than one etiological 

factor. The present work does not rule out the involvement of virus in the 

disease. So it can be concluded that both bacteria and fungus play important 

roles in the manifestation of EUS. 


