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ABSTRACT 

A cross-sectional study was conducted on fish harvested from Lake Ziway with the objective of isolating 
Entrobacteriacae pathogens in 2014 to 2015. A total of 300 tissue samples (three tissue samples from 
each fish) comprising spleen, liver and intestine were collected from randomly sampled 100 fish (11 
Clarias gariepinus = catfish and 89 Oreochromis niloticus = tilapia) in Lake Ziway. Entrobacteriacae were 
isolated from spleen, liver and intestine of 48 out of 100 (48%) examined fish. The bacterial species were 
Escherichia coli (28.6%), Citrobacter spp (12.5%), Shigella spp (10.7%), Protues spp (10.7%), 
Eedwardseilla tarda (10.7%), Salmonella spp (7.1%), Enterobacter spp (7.1%), Yersinia spp (7.1%) and 
Klebsiella spp (5.4%). The highest number of bacteria was isolated from the intestinal samples. The 
occurrence of Entrobacteriacae infection with respect to sex were not statistically significant (p > 0.05) 
indicating that sex has no role in influencing the exposure of fish to these bacteria, whereas the 
occurrence of Entrobacteriacae infection with respect to species was statistically significant (p < 0.05) 
where catfish were more affected than tilapia. The isolation of bacterial pathogens in the spleen and 
liver of fish may be a risk for the occurrence of disease outbreaks whenever the fish are succumbed to 
stress factors. Moreover, the recovery of various pathogenic organisms in the fish may potentially cause 
disease to humans if the fishes are improperly handled, undercooked or consumed raw. The results also 
suggest that isolation of Entrobacteriacae from wild fish population of Lake Ziway indicates that 
Entrobacteriacae are a potential threat for aquaculture and public health. 
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INTRODUCTION 

Fish is a source of food for humans and feed for other aquatic animals and provides about 60% 

of the world’s supply of protein (Abisoye et al. 2011). Around 60% of the developing countries 

earn 30% of their annual protein from fish (Abisoye et al. 2011). It is an important source of 

high quality protein, contributing approximately 16% of the animal protein taken by the world’s 

population (FAO 2005). It is one of the most highly perishable food products and its quality 

deterioration occurs rapidly during handling and storage and limits the shelf life of the product 

(Sallam 2007). 

 

The advantage of fish as food is the result of its easy digestibility and high nutritional value. 

Despite these nutritive values of food of fish origin are susceptible to a wide variety of bacterial 

pathogens, most of which capable of causing disease are considered to be saprophytic in nature 
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(Lipp et al. 1997). Apart from being a primary fish pathogen, some microbes present a potential 

hazard to public health through contamination of fish and its products. Therefore, safety of fish 

products for human consumption has become a prime concern from the point of view of 

managing the fish culture systems, as well as ensuring public health (Naylor et al. 2009). Among 

pathogens that inflict heavy losses in fish and contaminate food of fish origin are bacteria. 

Bacteria are responsible for heavy mortality in both wild and cultured fish. The actual role of 

these micro-organisms may vary from a primary pathogen and opportunist invaders of a host 

with compromised immune system due to some other diseases (Abowei and Briyai 2011). The 

bacteria from fish only become pathogens when fish are physiologically unbalanced, 

nutritionally deficient, or there are other stressors, i.e., poor water quality, overstocking, which 

allow opportunistic bacterial infections to prevail (Austin 2011). 

 

Human infections caused by pathogens transmitted from fish or the aquatic environment are 

quite common depending on the season, patients contact with fish and its environment, dietary 

habits and the immune status of the exposed individual (Abowei and Briyai 2011). These 

facultative bacterial species could be isolated from fish without apparent symptoms of disease. 

The infection source may be fish kept either for food or those kept in aquaria (Acha and Szyfres 

2003). Therefore, determination of bacterial pathogens in fish destined for human consumption 

are an indicator of the quality of fresh fish (Costa 2013). Of a number of fish pathogenic 

bacteria species that cause food-borne zoonoses, Entrobacteriacae is associated with either 

infection of fish or contamination of fish products. Entrobacteriaceae is a large family of gram-

negative bacteria, which include Salmonella spp, Escherichia coli, Yersinia spp, Klebsiella spp 

and Shigella spp. Other disease-causing bacteria in this family include Proteus spp, Enterobacter 

spp, Serratia spp, Edwardsiella spp and Citrobacter spp (Soliman et al. 2010). Many members of 

the family are a normal part of the gut flora found in the intestines of humans and other 

animals; while others are found in water and soil or parasites on a variety of different animals 

and plants. Aquatic environments are the major reservoirs of family Entrobacteriacae. 

Therefore, fish products have been recognized as a major carrier of food-borne pathogens 

(Kamat et al. 2005). 

 

Scientists conducted a number of studies on fish disease all over the world and a significant 

amount of parasite, bacterial, viral and fungal pathogens were identified from different species 

of fish both in marine and freshwater (Anwar et al. 2012). In Ethiopia few studies have been 

conducted on fish parasites at Lake Awasa, Chamo, Tana, Ziway and Lugo (Taddesse and Shibru 

1979; Amare 1986; Tefera 1990; Eshetu 2000; Tizie et al. 2014; Amare et al. 20101
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cooked fish meal along with the poor facilities for slaughter, filleting, transporting and storage 

of fish undoubtedly make the fish meal is the potential source of food-borne zoonosis. In 

Ethiopian water bodies including lakes, helminthes are the only group of pathogens of fish that 

have been relatively well-studied; however, less attention has been given to bacterial 

pathogens of fish including those which have zoonotic importance. Therefore, this study was 

intended to investigate the bacterial pathogens which compromise the safety of fish products 

and human health with the objectives of isolation and identification of Entrobacteriacae from 

fish harvested for human consumption at Lake Ziway. 

 

MATERIALS AND METHODS  

 

Description of Study Area 

The study was conducted at Lake Ziway, which is one of the Rift Valley’s freshwater lakes of 

Ethiopia. It is located about 165 km south of Addis Ababa. Geographically, the area is located 

between 70 51’ N to 80 07’ N and 380 43’ E to 380 57’ E (LFDP 1995). The lake's catchment has an 

area of 7025 km2 (Anon 1999). It is 31 km long and 20 km wide, with a surface area of 440 km2 

(Anon 1999). It has a maximum depth of 9 m and an elevation of 1,636 m above sea level (LFDP 

1995). The Lake is known for its population of birds and hippopotamuses in addition to fish. 

According to Herrman (1993), the major fish species in the lake include Nile tilapia, African 

catfish and Carp species (Cyprinus carpio). 

 

Study Animal  

The experimental fish used in this study included African catfish and Nile tilapia which were 

harvested in high numbers from Lake Zeway for human consumption. The other species were 

not included because their abundance in harvest was very small and hence they were not 

allowed by the concerned authorities to catch them during study periods. 

 

Study Designs and Sample Size Determination 

Cross-sectional study design was conducted to isolate the major Entrobacteriacae. A total of 

100 fish were sampled. These included tilapia (n=89) and catfish (n=11), which were randomly 

sampled and examined in November 2014 to June 2015 during three visits. The number of fish 

sample was based on the number of harvested and consumed fish species in the study area. 

The sample size was determined purposively since the objective of the study was to obtain the 

specific bacteria. 

 

Necropsy, Sample Collection and Transportation 

The length and weight of each fish were measured using measuring meter and sensitive 

balance with a capacity of 5 kg and precision of 0.001 kg, respectively, and fish were sexed by 
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close examination of the shapes or structures at the urogenital and anal openings which were 

flat, wide and red in females but thin and long genital papillae in males. The fish were 

categorized into four groups based on their weight to determine their age groups. Fish weighing 

0.08-0.10 kg were classified as the fingerlings, 0.11–0.2 Kg as juvenile, 0.21-0.3 kg as young and 

>0.31 kg as adult fish (Paperna 1996). Gonad maturity was assigned by viewing the gonads and 

ovaries were staged in I-V maturity scales according to Nicolsky (1963). Stage I and II was taken 

as immature stages, stage III to V was considered as mature (Nicolsky 1963). Weight and 
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any is detected using appropriate indicators incorporated in to the medium. The biochemical 

tests for the identification of bacterial were Triple Sugar Iron (TSI) and Indole, Methyl-Red, 

Voges-Proskaur and Citrate (IMViC) test (Quinn et al. 2002; Fisheries and Oceans Canada, 2004). 

 

Data Analysis  

All collected data were entered and organized in Microsoft excel program and analyzed using 

SPSS-20 software. Descriptive statistics such as chi-square, frequency and percentage were 

used for each bacterial isolate with respect to different variables and presented in tabulated 

form. For all statistical analysis, significant levels (p-value) of less than 0.05 were considered as 

statistically significant. 

 

RESULTS 

In this study, different bacteria were isolated from tilapia and catfish. Out of a total of 100 

tilapia and catfish, 48 were found to be positive for Entrobacteriacae. Out of 48 isolated 

bacteria across fish species, 42.7% was from tilapia while 90.9% was from catfish. Statistically 

significant (p < 0.05) difference was observed in prevalence of Entrobacteriacae between tilapia 

and catfish (Table 1). Despite the numerical variation in the frequency of infected fish in 

relation to sexes, statistically significant differences (p > 0.05) were observed (Table 2). The 

results of the prevalence (frequency) of bacterial species isolated from the intestine, liver and 

spleen are presented in Table 3.  Large numbers of different bacterial species were isolated in 

intestine (48.2%) followed by liver (26.8%) and spleen (25%). E. coli was the most dominant 

(28.6%) while Klebseilla species was the least prevalent (5.4%) bacterial pathogen in this study. 

 

Table 1. Prevalence of bacterial species on fish species in Lake Ziway 

Species Fish examined No. positive Prevalence (%) χ2 P-value 

Tilapia 89 38 42.7 9.117 0.003 

Cat fish 11 10 90.9   

Total  100 48 48   

 

 

Table 2. Prevalence of isolated bacterial species as affected by sex of fish species in Lake Ziway 

Sex of fish 

species 
Number of fish examined 

Number of . 

infected fish 
Prevalence (%) χ2 P-value 

Male  40 20 50 0.107 0.744 

Female  60 28 46.7   

Total  100 48 48   

 

Table 3. Distribution and frequency of bacterial species isolated from the intestine, liver and spleen of 

fish in Lake Ziway 
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Isolated bacterial 

species 

Tissue examined 

Total Prevalence % Intestine 

n=100 

Liver 

n=100 

Spleen 

n=100 

E. coli 12 1 3 16 28.6 

Shigella spp 3 2 1 6 10.7 

Salmonella spp 1 3 - 4 7.1 

Citrobacter spp 2 4 1 7 12.5 

Entrobactor spp 1 1 2 4 7.1 

Proteus spp 3 1 2 6 10.7 

Edwardseila spp 2 2 2 6 10.7 

Kelbsiela spp 1 1 1 3 5.4 

Yersinia spp 2 - 2 4 7.1 

Total  27 15 16 56 100 

Note: n = number of samples 

 

DISCUSSIONS  

Bacteria species isolated in this study were found in liver and spleen although the internal 

visceral organs of healthy fish should be sterile (Sutine et al. 2007). The isolation of different 

bacterial species from the visceral organs of apparently heathy fish including kidney, liver and 

spleen have frequently been reported (Cahill 1990; Apun et al. 1999; Eshetu 2000; Sousa and 

Silva-Souza 2001; Gebeyehu 2003; Anwar et al. 2012). Although Cahill (1990) and Magnadottir 

(2006) described the presence of microorganisms in internal fish organs could indicate the 

weakness of immunological defense mechanisms, McVicar (1997) pointed out that the 

occurrence of bacteria in a fish could not necessarily be an abnormal event or could not 

necessarily lead to a disease situation. McVicar (1997) emphasized that under natural 

conditions most infectious agents coexist with their host without causing significant disease. 

However, stress factors are frequently blamed for the incidence of many disease outbreaks and 

dissemination of infections. 

 

In this study, the frequency of Entrobacteriacae was significantly (p<0.05) higher in catfish 

(which is omnivores) than in tilapia; the result being in line with the findings of Anwar et al. 

(2012) and Ringoa et al. (2003) who reported that fish feeding on plant source are more likely 

to harbor less microorganism than omnivores ones. However, there was no statistically 

significant difference (p >0.05) observed on isolation rate of bacterial species between fish sex 

groups. This might be due to the fact that both sexes used similar feed sources and also were 

caught from same lake at the same time. This finding is in line with several works which 
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reported that both sex of fish has equal chance of being infected (Yu et al. 2004; Savan et al. 

2005). 

 

The finding of Entrobacteriaceae most frequently on intestine than spleen and liver may be 

attributed to the existence of most bacteria as part of the normal intestinal micro flora of fish in 

some instances (van Damme and van depitte 1980; Kanai et al. 1988; Hanson et al. 2008). Such 

intestinal micro flora may result in clinical infection if they get spread to other organs or may be 

associated with product contamination during processing of fish which has important 

implication from the point of view of both fish and public health. Characteristics of the micro-

environment at various sections of the alimentary tract of each fish species also influence the 

taxonomic composition and the numerical abundance of bacteria species (Horsley 1997). 

 

The overall prevalence of Enterorobacteriacae (48%) in this study indicated a great public 

health hazards concern in Lake Ziway and the surrounding consumers. Beyond public health 

concern and the isolation of the coliform such as E. coli, Citrobacter species and Entrobacter 

species in fish indicates the level of pollution of their environment. Because coliforms are not 

the normal bacterial flora of fish (Center for Food Safety and Applied Nutrition 2001). 

 

The finding of this study concurs with the reports of Eshetu (2000) and Anwar et al. (2012) that 

isolated similar Entrobacteriacae microorganisms from fish caught at Lake Zeway and Tana, 

respectively. Few infectious agents in fish are able to infect humans and may cause diseases 

such as food poisoning, diarrhea, typhoid fever and shigellosis (Yagoub and Ahmed 2009). 

These opportunistic and pathogenic Entrobacteriacae were also previously isolated by several 

other researchers (Martin et al. 2010; Yagoub 2011; Petronillah et al. 2013).  

 

The high prevalence of E. coli (28.6%) followed by Citrobacter spp (12.5%), Shigella spp (10.7%), 

Proteus spp (10.7 %), Salmonella spp (7.1%) and the presence of other enteric bacteria from 

fish caught at Lake Ziway indicates a potential hazard to human health especially in immune-

compromised individuals. In similar studies, E. coli, Shigella dysnteriae and Salmonella typhi 

were isolated from the gills, intestines, muscle and skin of Megalaspiscordyla in India (Sujatha 

et al. 2011); and E. coli, Entrobactor faecalis, V. cholera and Shigella dysnteriae from mouth, 

gills, skin and intestines of tilapia in Flecher Dam, Zimbabwe (Gupta et al. 2013; Petronillah et 

al. 2013). This might be attributed to the heavy load of sewage disposal into the lake, the river 

and dams from the nearby residence areas such as Ziway town. This is in agreement with 

Fogarty et al. (2003), who reported that pollution level decreases with an increase in distances 

from the source of pollutions. 

 



       
 

8 
 

The isolation of Salmonella species from visceral organs of catfish is in line with the reports of 

Heinitz et al. (2000), Bremer et al. (2003), Ponce et al. (2008), Kumar et al. (2009) and Budiati et 

al. (2011). The recoveries of Salmonella species from catfish warrants a food safety problem 

because catfish could be a potential agent of transferring these bacterial species to consumers 

(Efuntoy et al. 2011). 

 

E. tarda was isolated from intestine, spleen and liver of tilapia and from intestine and spleen of 

catfish. This finding agrees with Eshetu (2000) who isolated the organism from the kidney of 

Carp species and liver of tilapia in Lake Ziway. Similarly, Anuar et al. (2012) isolated E. tarda 

from intestine and kidney of Barbus species and tilapia in Lake Tana. The isolation of E. tarda 

from apparently healthy fish indicates that the organism constitutes a serious threat to fish in 

the studied environment. This organism has also been associated with a number of human 

infections such as gastroenteritis, osteomyelitis, cellulitis and meningitis (Janda et al. 2001). 

 

The isolation of Entrobacteriacae in this study are found widely distributed in soil, water and 

intestinal tract of vertebrates which may result in playing an important role in the spoilage of 

fish and fish meat (El Hadi et al. 2004). The isolation of important zoonotic bacteria, from 

apparently healthy fish indicates that the fish product presents potential risk to public health if 

consumed raw or improperly processed. 

 

CONCLUSIONS 

Entrobacteriaceae is one of the human and animal pathogens that cause severe economic loss 

and challenges in aquaculture in addition to veterinary and public health importance. The 

findings have shown that the presence of opportunistic Entrobacteriaceae pathogens in the 

spleen and liver of fish indicates that risk of disease outbreak occurrence at any time when the 

fish are succumbed under stress. The recoveries of bacteria isolates in fish suggest that these 

potentially pathogenic bacteria to humans may cause diseases to susceptible individuals if they 

are improperly handled, undercooked or consumed raw. The detection of Entrobacteriaceae 

from wild fish population at Lake Ziway destined for consumption indicates that these bacteria 

are potential threats to both the fish and the public health aspects. 
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