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Introduction: Microbiological contamination in fish origin foods is the leading risk for public health. Among the range of pathogenic 
bacterial species that cause fish food borne diseases is Escherichia coli. The pathogenic strains of Escherichia coli cause diarrhea by 
producing and releasing toxins and can also be the cause of food spoilage in fish.
Methods: A cross-sectional study was conducted to assess hygienic practices of fish handlers, to evaluate bacterial load and 
antimicrobial resistance patterns of Escherichia coli along the fish value chain in Northwest Ethiopia. Systematic and purposive 
sampling techniques were used for uncooked and cooked fish samples respectively.
Results: From a total of 180 fish samples, 36 (20%) were positive for Escherichia coli. From 115 uncooked and 65 cooked fish 
samples examined, 27 (23.5%) and 9 (13.8%) had E. coli respectively. The highest mean bacterial count was observed in raw fish 
samples (6.13 × 105 cfu/g), followed by cooked fish samples (2.81 × 104 cfu/g). Among the interviewed fish handlers, 83.3%, 76.7% 
and 80% of respondents had good knowledge and attitude towards using a clean cutting-and-filleting board, storing raw and cooked 
foods separately and using an apron for reducing the risk of fish contamination, respectively. All 36 isolates were 100% sensitive to 
ciprofloxacin and gentamycin. Of the Escherichia coli isolates subjected to tetracycline, 55.6% were resistant, 8.3% were intermediate 
and 36.1% were susceptible.
Conclusion and Recommendation: This study revealed that there was a lack hygienic practice and high Escherichia coli profiles 
were observed. Hence, it could be wise to advise the fish harvesters, fish traders, hotels and restaurants about fish food safety practices 
from harvesting to consumption to improve fish food safety practices and quality standards of fish harvested and sold in northwest 
Ethiopia.
Keywords: Escherichia coli, fish food, hygienic practice, Lake Tana

Introduction
Fish and fishery products are the most necessary nutritious meals all over the world, which represent about 15–20% of all 
animal protein on a world basis.1 Fish constitutes 19% of animal protein consumption in Africans and performs a special 
role in supplying a range of micronutrients and especially essential fatty acids. Africa’s fish consumption is 10.8 kg/ 
person/year.2 Ethiopia’s fish consumption is 0.2 kg/person/year.3

The health benefits of fish consumption have been properly demonstrated by numerous studies. These are due to the 
presence of proteins, minerals and vitamins; and peptides, amino acids, selenium and long-chain n-3 polyunsaturated 
fatty acids (LC n-3 PUFAs). In addition to nutritional value, the health benefits of fish food consumption have especially 
been related to protection against cardiovascular disease (CVD); to extended fetal and child development and to really 
helpful results in protecting various different illnesses and clinical conditions.4 The health-promoting effects have mainly 
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been attributed to the LC n-3 PUFAs, eicosapentanoic acid (EPA) and docosahexaenoic acid (DHA).5 However, along-
side the advantages there are associated risks, such as bacterial contamination and other biological, chemical and physical 
contaminations.2 Among the risks, microbiological contamination is the leading risk in fish foods.6 As a result, fish food 
is a common source of food poisoning, causing illnesses with various levels of severity, ranging from mild indisposition 
to persistent or life-threatening illness.7 Microbial contamination, in addition to the negative health effects, causes loss of 
food. Of the fish captured, 30% is lost via microbial activity alone.8

Foodborne diseases are recognized to regularly take place in developing countries, probably due to poor food 
handling and hygiene, a lack of implementation of safety measures, a weak regulatory systems, a lack of economic 
assets to procure safety tools and a lack of education and/or training for different food handlers.7,9 In Ethiopia, animal 
and fish origin meals are main sources of foodborne ailments due to poor handling conditions and sanitation practices, 
inadequate food safety laws, weak regulatory structures and lack of training for food handlers.10,11 This low food safety 
and quality practice in developing countries aggravates fish food spoilage and contamination.

Among the range of pathogenic bacterial species that cause fish food borne diseases is Escherichia coli. The 
pathogenic strains of Escherichia coli may cause diarrhea by producing and releasing toxins and can also be the cause 
of food spoilage in fish.12 Currently, six categories of diarrheagenic Escherichia coli have been acknowledged: 
enterotoxigenic E. coli (ETEC), enteropathogenic Escherichia coli (EPEC), enteroinvasive Escherichia coli (EIEC), 
enterohemorrhagic Escherichia coli (EHEC, Shiga toxin-producing Escherichia coli or STEC), enteroaggregative 
Escherichia coli (EAEC or EAggEc) and diffusely adherent Escherichia coli (DAEC). Some strains such as Shiga toxin- 
producing Escherichia coli (STEC) can cause severe foodborne disease. It is transmitted to humans primarily through 
consumption of contaminated foods, such as raw or undercooked ground meat products, raw milk, and contaminated raw 
vegetables. Different strains Escherichia coli cause diseases in gastrointestinal, urinary, or central nervous systems.

The occurrence of this bacterium in food is directly related to fecal contamination. This bacterium is the most 
abundant facultative anaerobe of the human intestinal micro flora.13 Furthermore, Escherichia coli is broadly present in 
the intestinal tracts of warm-blooded animals.14 The presence of Escherichia coli in ready-to-eat foods is undesirable 
because it suggests poor hygienic conditions that lead to contamination or inadequate heat treatment. Ideally, Escherichia 
coli should not be detected, and as such, a level of <20 cfu/gram has been given as the quality criteria for this organism. 
In fish origin foods and other foods, levels between 20 and 100 cfu/g are border-line or intermediate, and levels 
exceeding (>) 100 cfu/g are unacceptable and indicate a stage of contamination.15

The use of antimicrobial agents in the treatment of Escherichia coli infection causes the emergence of antibiotic 
resistant bacteria, and their resistance genes have turned into a serious, growing issue in current medication.16 

Escherichia coli resistance to antimicrobials is creating trouble for the healthcare system worldwide.17 Hence, monitoring 
of bacterial load and the antibiotic resistance pattern of bacteria, and surveying hygienic practice in fish are of paramount 
importance in providing useful data regarding the public health risk profile of fish and fish products. The results of these 
studies will assist planning the right management strategies against fish foodborne diseases. Therefore, the objective of 
this study was to evaluate bacterial load and antimicrobial resistance patterns of Escherichia coli from fish value chain in 
the upper Blue Nile watershed.

Methods
Description of Study Area
The study was conducted in the upper Blue Nile river watershed in Northwest Ethiopia. Lake Tana and Bahir Dar city 
were the selected representative fishing aquatic site and fish food processing city, respectively. Lake Tana and Bahir Dar 
are the biggest lake and city in the region, respectively (Figure 1). Bahir Dar city is located 580 km north-northwest of 
Addis Ababa. Geographically, Bahir Dar is located at a latitude of 11.59° north and 37.39° east. Its average elevation is 
estimated to be 1810 m above sea level.18 Bahir Dar city is one of the leading tourist destinations in Ethiopia, with 
a variety of attractions in nearby Lake Tana and Blue Nile River.

Lake Tana is the headwaters source of the Blue Nile river and is the main fishing aquatic environment in the 
Northwest Ethiopia region. The lake provides three commercially important, delicious fish species groups: namely, 
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African catfish (Clarius gariepinus locally called “Ambaza”), Nile tilapia (Oreochromis niloticus, locally called 
“Kereso”) and Labeobarbus spp. (locally called “Nech Asa”). They are consumed by the larger part of the community, 
rural and urban, and are traded widely in the region and the country.19

Study Design and Sample Size Determination
A cross-sectional study was conducted from November 2019 to May 2020. The sample size was determined by using 
a 95% confidence interval and a 5% desired level of precision. No previous studies had been conducted about the 
presence of Escherichia coli in raw to ready-to-eat fish products in the study area; hence, the expected prevalence of 
Escherichia coli was taken as 50% and the size was determined by the formula for infinite population given below:20

where: n = required sample size; P = expected prevalence; d = desired absolute precision. Based on the abovementioned 
formula, the total sample size was 384,21 but due to financial problems related to the laboratory reagents and the cost of 
cooked fish samples, 180 fish samples were sampled and considered for the study.

Sampling Method for Laboratory Data Collection
Thirty (30) hotels and restaurants were selected by using purposive sampling methods based on their major contribution 
from the 6 sub-cities in Bahir Dar city. Two (2) landing sites were selected by a purposive sampling method in Lake Tana 
based on their major fishing practices. In these landing sites, fishing activity was mostly two times per day (morning and 
afternoon). Fish samples from fish harvesters at landing sites were sampled by using a systematic sampling method.

Based on this, a total of 180 (115 raw and 65 cooked) fish samples were collected. To make sure that samples were 
taken without being contaminated, sterile inverted plastic bags were used for collection. The inner surface of the bag was 
used to touch nothing else but the sample. All samples were labeled with the type of the sample, the place, date of 
sampling and given an identification code and transported to Bahir Dar university veterinary microbiology laboratory in 
an icebox containing ice packs for microbiological analysis. Upon arrival, the samples were immediately processed or 
stored at 4°C in a refrigerator until use and processed within 24 h of collection.

Figure 1 Map of study area (Arc GIS software, 2020).
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Questionnaire Survey and Observation
Direct observation and a questionnaire survey were conducted to assess the cleanliness or uncleanliness of food storage 
conditions and prevention of cross-contamination of raw and ready-to-eat fish origin foods among retailers of the city. 
The content of the questionnaire also included questions addressing the educational status, the health status and the 
personal hygiene, the food handling practices, the food safety knowledge and the attitude of food handlers among fish 
retailers. The questionnaire was designed in two ways: for fish processors in hotels and restaurants and fish harvesters in 
landing sites.

Fish retailers (fishermen, filleting processors and fish processors of hotels and restaurants) were included in the 
questionnaire survey. The questionnaire was completed by a face-to-face interview with one representative fish food 
handler. The workers were selected purposively based on their major contribution to food processing and handling. The 
questionnaire and observational checklists were managed in accordance with the standard guidelines of the Codex 
Alimentarius Commission of food and agriculture organization.1

Data Collection Procedure
Fish samples were aseptically collected from 30 hotels and restaurants in Bahir Dar city and from 2 landing sites in Lake 
Tana (n = 180). Cooked fish samples (65) and raw fish samples (115) were collected using sterile plastic bags. Fish 
samples were collected from sampling sites by using an icebox and transporting them to a veterinary microbiology 
laboratory in Bahir Dar University within 4 h of collection for bacteriological analysis. Raw or fresh fish samples were 
filleted using sterile knives and forceps so that the skin part was kept with the flesh and then placed on a sterile tray. 
Laboratory procedures were conducted according to the codex.21

Quality Assurance Mechanisms
The quality of data and the reliability of test results were assured by following standard procedures. The sterility of 
prepared media was checked by incubating some randomly selected plates for 24–48 h at 37°C. A well-known bacterial 
culture was used as a positive control for screening tests and confirmatory tests of the bacteria.

Microbiological Isolation and Characterization of Escherichia coli
Isolation and Identification of Escherichia coli
Fish samples were processed in a complete aseptic condition. A total of 25 g of raw or cooked fish samples were 
homogenized for 2 min in a sterile bag containing 225 mL of buffered peptone water (0.1%) (Lab M, London; United 
Kingdom) using a stomacher (Seward Stomacher 400 circulator, London, United Kingdom). All samples were inoculated 
onto EMB agar and incubated at 37°C for 24–48 h. Suspected colonies on EMB agar were sub-cultured on MacConkey 
agar medium and nutrient agar and were incubated at 37°C for 24–48 h.22 Colonies of Escherichia coli on eosin 
methylene blue agar (EMB) show green metallic sheen. Colonies suspected to be Escherichia coli were subjected to 
biochemical identification.23

Identification and Characterization of Escherichia coli
The suspected result from the abovementioned media was inoculated into nutrient agar and tested by different 
biochemical tests: the Indole test, Methyl red test, Simon citrate test, Triple sugar iron agar (TSI) test, and Urease test.

Enumeration of Escherichia coli Count (Aerobic Plate Count)
The enumeration of E. coli count was done by using a standard plate count method. From the 10-fold dilutions of the 
homogenates of the original sample, 0.1 mL of 10−2, 10−3, 10−4, 10−5 and 10−6 dilutions of the homogenates were spread- 
plated on fresh standard plate count agar (HiMedia, Mumbai; India). The plates were then incubated at 37°C for 24 to 48 
h. At the end of the incubation period, plates exhibiting 30 to 300 colonies were counted by using a digital colony 
counter. The counts for each plate were expressed as a colony-forming unit of the suspension (cfu/g).24 Identification of 
colonies and appropriate biochemical tests were done in accordance with Oyeleke and Manga.25 The isolates were 
identified by comparing their morphological and biochemical characteristics:
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Antimicrobial Susceptibility Test
The antimicrobial susceptibility test was done with the disk diffusion method (Bauer et al, 1966) using Mueller–Hinton agar 
(Difco). Initially, an emulsion of sample in saline solution was prepared by adjustment to the 0.5 McFarland turbidity 
standards. The susceptibility of the E. coli strains was tested in relation to several antibiotics, including: chloramphenicol 
(CAF) (30 μg), ciprofloxacin (5 μg), gentamycin (10 μg), trimethoprim (1.25 μg-sulfamethoxazole 23.75 μg), erythromycin 
(15 μg), streptomycin (10 μg) and tetracycline (30 μg) (Mast Group Ltd., Merseyside, UK). Using sterile tweezers, 
commercially available antibiotic disks were placed individually on the surface of Mueller-Hinton agar. After 24 h of 
incubation at 35°C, the strains were scored as “susceptible”, “intermediate”, or “resistant” to each antibiotic based on the 
measurement of the inhibition zone, as recommended by clinical laboratory standard institute (CLSI).26

Ethical Review
The study protocol was reviewed and approved by the National Fishery and Aquatic Life Research Center. A letter of 
support was obtained from the National Fishery and Aquatic Life Research Center and Bahir Dar University and official 
permission was received from the concerned higher officials of the Amhara Region Public Health Bureau, too. The 
sampled retailer’s owner permission and interviewee’s willingness to participate in the research were obtained. After 
thoroughly explaining the objectives and relevance of the study, the procedure, the benefits and their rights, informed 
consent was obtained from the participants. The participants were informed that their participation was fully voluntary 
and that they could choose not to answer any question and could stop the discussion at any time. To ensure 
confidentiality, any personal identifying information on participants was not collected and was maintained using 
a unique code. An agreement was formed that the information collected for this study was not to be used for any 
other purpose without the approval of each participant.

Data Analysis
Raw data and laboratory results were recorded into Microsoft Excel and analyzed by using stata software version 12. 
Descriptive statistics such as percentage and frequency were used for the aerobic plate count (APC) and for positive samples. 
The degrees of associations were quantified using an odds ratio obtained from univariate logistic regression models. In all the 
analyses, the confidence level was held at 95% and the p-value was assumed to be less than 5% (p < 0.05).

Results
Occurrence of Escherichia coli
From a total of 180 fish samples taken, 36 (20%) fish samples were positive for Escherichia coli isolates (60 fresh 
unfilleted fish, 55 filleted and 65 cooked fish samples were sampled). From all fish samples, 17 (23.6%) of Nile tilapia, 
15 (20%) of Labeo Barbus and 4 (12.1%) of African catfish were positive for Escherichia coli. Out of 65 ready-to-eat 
cooked fish samples, 9 (13.8%) Escherichia coli isolates were identified.

Occurrence of Escherichia coli in Raw Fish Foods
From 115 raw fish samples, 27 (23.5%) Escherichia coli isolates were identified at the landing sites. The occurrence of 
Escherichia coli was higher in filleted fish samples than unfilleted fresh fish samples at the two landing sites. This was 
due to the contamination of fish by the bare hands of those who did the filleting and the filleting ground during the 
filleting process (Table 1).

Occurrence of Escherichia coli in Cooked Fish Foods
From 65 cooked fish samples, 9 (13.8%) Escherichia coli isolates were identified in hotels and restaurants in Bahir Dar 
City. The occurrence of Escherichia coli was lower in cooked fish food samples than uncooked fish food samples. This is 
due to the negative effect of heat during processing of cooked fish foods (Table 2).
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Escherichia coli Count Using Aerobic Plate Count
Bacterial growth is the main cause of fish spoilage and is a public health concern; therefore, the total bacterial count was 
used as a general index of fish quality. In this study, the mean bacterial count (cfu/g) was found to be 6.13 × 105 cfu/g in 
raw and 2.81 × 104 cfu/g in cooked fish samples (Table 3).

Questionnaire Survey Results
Demographic and Operational Characteristics of Fish Handlers
A total of 60 respondents engaged in fishing activity and fish origin food processers were interviewed in the study area (Table 4).

Hygienic Practices and Knowledge of Fish Cookers in Hotels and Restaurants
All of the respondents had excellent knowledge of the use of hand gloves (100%), the use of sufficient heat and spice 
(100%) for cooked fish origin foods and the cleaning of contact surfaces (100%) before starting business.

Most of the fish processors had a positive attitude about food safety and hygienic measures. The majority of 
respondents had good knowledge of and attitudes about using a clean cutting-and-filleting board and fly repellent 
(83.3%), washing hands before and after handling of fish (73.3%), storing raw and cooked foods separately (76.7%), 
using an apron (80%) and covering hair (70%) to reduce the risk of fish origin food contamination (Table 5).

Hygienic Practices and Knowledge of Fish Harvesters and Filleters in Fish Landing Sites
All (100%) of the respondents transport fishes without ice by using a plastic bag and most (66.7%) of them harvest Nile tilapia 
fish. A total of 50% and 30% of raw fish were retailed to hotels and restaurants and consumers, respectively. Eighty percent 
(80%) of the respondents did not wash or clean their boats before and after starting of fishing activity and 90% of the 
respondents had little knowledge about proper transportation of fish and the fact that improper use of hooks and filleting boards 
can be a source of fish food contamination. Most of the fishery men were sold the caught fishes within 2–6 h (Table 6).

Table 1 Escherichia coli Isolates from Raw Fish Samples in Lake Tana

Species Uncooked Food Item Number of Sample Taken Number of Positive (%)

Nile Tilapia Filleted 22 7 (31.8)
Fresh un filleted 20 5 (25.0)

Labeo Barbus Filleted 27 7 (25.9)

Fresh un filleted 28 5 (17.8)
African Cat Fish Filleted 6 1 (16.7)

Fresh un filleted 12 2 (16.7)

Total 115 27 (23.5)

Table 2 Escherichia coli Isolates from Cooked Fish Samples in Hotels and 
Restaurants

Species Number of Sample Taken Number of Positive (%)

Nile Tilapia 30 5 (16.7)

Labeo Barbus 20 3 (15)

African Cat Fish 15 1 (6.7)
Total 65 9 (13.8)

Table 3 Total Escherichia coli Load Count from Cooked and Raw Fish Samples in Bahir Dar

Samples Type Minimum E. coli Count Maximum E. coli Count Average E. coli Count

Cooked 9 × 102 cfu/g 6.4 × 104 cfu/g 2.81 × 104 cfu/g

Raw (Uncooked) 3.2 × 104 cfu/g 1 × 107 cfu/g 6.13 × 105 cfu/g
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Data Obtained by Direct Observation of Fish Handlers
Direct observation was employed to assess the hygienic status and practices of the fish handlers working in the kitchens 
of different hotels found in Bahir Dar city (Table 7).

Table 4 Demographic and Operational Characteristics of Fish Handlers (n = 60)

Variables Description No. of Respondents (%)

Sex Male 35 (58.3%)
Female 25 (41.7%)

Age 20–30 15 (25%)

31–40 35 (58.3%)
>41 10 (16.7%)

Educational status Illiterate 21 (35%)

Literate 39 (65%)
Years of business experience 1–2 years 9 (15%)

3–5 years 26 (43.3%)
6–10 years 10 (16.7%)

Above 10 years 15 (25%)

Table 5 Knowledge and Attitudes of Fish Cookers in Hotels and Restaurants at Bahir Dar 
(n = 30)

Statements No. of Respondents (%)

Yes No

Using clean cutting-and-filleting board and fly repellant 25 (83.3%) 5 (16.7%)
Washing hands before and after handling of fish 22 (73.3%) 8 (26.7%)

Washing hands after using toilet 30 (100%) 0 (0%)

Using sufficient heat and spice 30 (100%) 0 (0%)
Covering hair 21 (70%) 9 (30%)

Cleaning contact surfaces 30 (100) %) 0 (0%)

Wearing gloves 30 (100%) 0 (0%)
Using an apron 24 (80%) 6 (20%)

Storing of raw and cooked foods separately 23 (76.7%) 7 (23.3%)

Getting food hygiene training 10 (33.3%) 20 (66.7%)

Table 6 Food Safety Knowledge of Fish Harvesters and Filleters at Landing Sites in Lake Tana 
(n = 30)

Statements Number of Respondents (%)

Improper transportation, improper use of hooks and filleting 

boards Cleaning of boat

Yes 27 (90%)

No 3 (10%)
Yes 6 (80%)

No 24 (20%)

Hygiene of containers used to carry fish Plastic bag 30 (100%)
Ice chests 0 (0%)

Others 0 (0%)
Transportation of fish to the next chain On ice 0 (0%)

Without ice 30 (100%)

Time to market all harvested fish 2 h to 6 h 17 (56.7%)
6 to 12 h 13 (43.3%)
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Antimicrobial Susceptibility Profile
Isolates of Escherichia coli were tested with seven available antibiotics with a disc diffusion method. All Escherichia coli 
isolates were 100% susceptible for ciprofloxacin and gentamycin. 58.3% and 75% of Escherichia coli isolates were 
susceptible for chloramphenicol and trimethoprim-sulfamethoxazole, respectively. Most of the Escherichia coli isolates 
were resistant for erythromycin (58.3%), streptomycin (88.9%) and tetracycline (55.6%) (Table 8).

A disc diffusion method was applied to determine the susceptibility of Escherichia coli in this study. The main 
advantages of disc diffusion method are simplicity, reproducibility, ease in modifying antimicrobial discs, the possibility 
for use as a screening test against numerous isolates, and low cost.

A treatment based on the detection of antimicrobial resistance is usually more effective than empirical treatment. Due 
to mutation and genetic exchange in bacteria, the effectiveness of antimicrobials may be lowered and treatment failure 
can occur. This is currently one of the challenges for treating patients in hospitals.

The objective of conducting an antimicrobial susceptibility profile in this study was to select the best drug of choice 
for treating of patients from locally available and frequently used drugs in the study area.

Discussion
Out of a total of 180 fish samples tested for Escherichia coli, 36 (20%) were positive. This finding indicates that the 
contamination of fish origin food with Escherichia coli is similar to other researchers’ findings in different areas. 
Thampuran et al27 have isolated Escherichia coli in finfish samples acquired at the retail market in Cochin, India. The 
result of this study was higher than the result of Awot et al,28 who reported 9 (9.4%) Escherichia coli isolates were 
isolated from 96 fish samples in fish meat retailing shops of Mekelle City, Ethiopia. But the result of the current study 

Table 7 Food Safety Practice of Fish Handlers in Hotels and Restaurants in Bahir Dar  
(n = 30)

Practices During Visit Frequency Percentage (%)

Wearing of appropriate overcoat Yes 21 70

No 9 30

Wearing of appropriate hair cover Yes 7 23.3
No 23 76.7

Cleanness of overcoat and visible body part Clean 20 66.7

Not clean 10 33.3
Wearing of jewelry or ring Observed 11 36.7

Not Observed 19 63.3

Table 8 Susceptibility of E. coli Isolates Against Some Selected Antimicrobials

Antimicrobial Drugs Antimicrobial 
Concentration

Susceptibility Pattern of E. coli Isolates

Susceptible Intermediate Resistant

Chloramphenicol (CAF) 30 μg 21 (58.3%) 8 (22.2%) 7 (19.4%)

Ciprofloxacin 5 μg 36 (100%) 0 (0%) 0 (0%)

Gentamycin 10 μg 36 (100%) 0 (0%) 0 (0%)
Erythromycin 15 μg 10 (27.8%) 5 (13.9%) 21 (58.3%)

Trimethoprim-Sulfamethoxazole 1.25 μg/23.7 μg 27 (75%) 0 (0%) 9 (25%)

Streptomycin 10 μg 3 (8.3%) 1 (2.8%) 32 (88.9%)
Tetracycline 10 μg 13 (36.1%) 3 (8.3%) 20 (55.6%)
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was lower than the result of Aynadis and Aweke29 who reported that 80 (23.3%) Escherichia coli isolates were isolated 
from 343 fish samples in Lake Hawassa, Southern Ethiopia.

The occurrence of Escherichia coli in our study might be due to animal dung contamination of the water. The 
presence of Escherichia coli in aquaculture can be attributed to animal waste pollution of the water bodies.30 The 
contamination of food and the environment with a bacteriological condition like Escherichia coli originates from human 
and animal feces.31

Isolation of Escherichia coli was done by taking fresh unfilleted, filleted and cooked (locally called asa tibs, asa dulet 
and asa wot) fish samples. Isolation of Escherichia coli from raw fish samples and cooked samples did not have 
a statistically significant difference (p-value 0.10). A total of 27 (23.5%) and 9 (13.8%) Escherichia coli isolates were 
isolated from the raw and cooked fish samples, respectively. This result was lower than the previous reports of Kumar 
et al,32 who determined the prevalence of Escherichia coli in tropical seafood and documented a prevalence of 47% for 
fecal coli forms, including Escherichia coli.

In this study, the occurrence of Escherichia coli was higher in raw fish than cooked fish samples. This is due to the 
exposure to heat during processing for the cooked fish samples. This work agrees with the work of Gupta et al,22 who 
found 47 (48.95%) Escherichia coli instances in 96 raw fish samples and 7 (12.96%) Escherichia coli instances in 88 
ready-to-eat fish product samples. Regarding the frequency of bacteria isolate from heat-treated fish and other ready-to- 
eat food stuffs, similar observations have been reported by other researchers.33,34

The findings of this study indicated that 23.5% of raw fish samples carried Escherichia coli isolates. This result was 
higher than the result of Vieira et al,35 who reported that 12.5% of all samples from Brazilian markets had Escherichia 
coli, and lower than the result of Wendwesen et al,36 who reported that 42.5% of raw frozen Nile tilapia fish samples had 
Escherichia coli in Arba Minch town, SNNPR, Ethiopia.

Moreover, this study indicated that 13.8% of cooked (locally called fried fish, asa dulet, asa lebleb, etc.) fish samples 
had Escherichia coli. Okonko et al37 suggests that improper handling and improper hygiene might lead to the 
contamination of ready-to-eat foods and this might eventually affect the health of the consumers. The result of this 
study was higher than the result of Wendwesen et al,36 who reported that 7.5% of Nile tilapia fish (locally called asa 
lebleb) samples had Escherichia coli from ready-to-eat fish foods in Arba Minch town, SNNPR, Ethiopia and lower than 
the result of Ohalete et al,38 who reported that 58.3% of fried fish had Escherichia coli in Owerri, Nigeria.

The samples were taken from different fish species, namely, Nile tilapia, African catfish and Labeo Barbus. The 
highest Escherichia coli isolates were found in Nile tilapia. This agreed with the previous reports of Hanson et al,39 who 
reported higher infection with E. coli in Plankton feeders (Nile tilapia species) than for Catfish and disagreed with the 
reports of Aynadis and Aweke,29 who reported that there was no difference in the occurrence of Escherichia coli in three 
species of fish. This potential disagreement might arise from the difference in the sample size used, the ecosystem of the 
study area or the sampling methods.

In this study, the aerobic plate count (APC) varied from 3.2×104 cfu/g to 1×107 cfu/g in raw or uncooked fish 
samples, with a mean value of 6.13×105 cfu/g, and that of ready-to-eat fish meals ranged from 9×102 cfu/g to 6.4×104 

cfu/g, with a mean value of 2.81×104 cfu/g. This result indicates that a low mean value of bacterial load was found in 
ready-to-eat or cooked fish samples. This may be due to the negative effect of heat on the bacteria during fish origin food 
preparation. This was in agreement with the result of Wendwesen et al,36 who reported 4.63×106 cfu/g Escherichia coli 
count in frozen raw Nile tilapia fish samples and a 4.92×103 cfu/g Escherichia coli load in asa lebleb (local name) fish 
origin foods in Arba Minch town, SNNPR, Ethiopia. The Escherichia coli load in raw fish sample was higher than the 
result of Dhanapal et al,40 who found 4.9×104 cfu/g and lower than the result of Wendwesen et al,36 who reported 
4.63×106 cfu/g in frozen raw Nile tilapia fillet samples. This high load in our study might be due to the result of poor 
handling during the transportation, and/or poor personal hygiene during harvesting and filleting.

The Center for Food Safety organization has set minimum standards for the recovery of microorganisms from foods 
of various origins. When compared with that standard, the recovery rate in the current study result was higher and this 
could be due to the absence of hygienic practices and strict follow-up of this sector by the concerned authorities. 
According to the CFS (Center for Food Safety)15 guidelines, <20 cfu/g is satisfactory, 20–102 intermediate or borderline 
and >102 unacceptable. None of the fish samples screened in the present study were at the satisfactory level.
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Food handlers may be the source of food contamination, either as carriers of pathogen or through poor hygienic 
practices. Thus, all food handlers have a basic responsibility to maintain a high degree of personal cleanliness and 
implement hygienic and safe food handling practices. Among the precautions that a food handler must maintain, the 
major ones are: keeping hands clean, wearing a clean working garment and covering hair.41 However, the result of this 
study showed that 30% of the fish handlers did not wear an appropriate overcoat. This finding is higher than the result 
of42 done on food handlers in Hawassa (14%). Moreover, only 23.3% of fish handlers were found with covered hair, 
which was lower than the finding of Kumie et al43 done in Zeway (40.1%), but better than the result of Teklemariam 
et al42 assessed in Hawassa (11.8%). It was also observed that 36.7% of fish handlers in this study wore rings on their 
fingers during food preparations, which was relatively higher than the report of Kumie et al43 done in Zeway (28.7%).

Since food handlers can be the probable sources of contamination for microorganisms, it is important to take all 
possible measures so that such contaminations can be reduced or eliminated.44 Training of food handlers regarding the 
basic concepts and requirements of personal hygiene and sanitary handling of food play an integral part in ensuring a safe 
product to the consumer. However, the result of this study showed that 66.7% of the fish handlers had no taken training 
concerning sanitary handling of food. This result was inconsistent with the previous result of Mekonnen et al,9 who found 
that 61.5% of meat handlers do not take training on sanitary handling of food and food hygiene.

The hygienic status of where the fish are found and the manipulation of the fish during processing of fish play 
significant roles in the hygiene of fish samples.

The current study showed that all 36 Escherichia coli isolates were sensitive to ciprofloxacin and gentamycin. This 
result was similar to the results of Awot et al28 in fish meat retailing shops of Mekelle City, Ethiopia. For tetracycline, 
55.6%, 8.3% and 36.1% of the isolates were resistant, intermediate and susceptible, respectively. Much research indicates 
that E. coli is not responding to tetracycline treatment,45,46 which corresponds to the results of the current study. 
However, Mohammed et al47 showed that Escherichia coli was susceptible to tetracycline. Of the isolates, 88.9% 
were resistant, 2.8% were intermediate and 8.3% were susceptible to streptomycin, and this result was different from 
Aynadis and Aweke,29 who reported that, of the fish from Lake Hawassa, Southern Ethiopia, 37.5% were resistant, 12.5% 
were intermediate and 50% were susceptible to streptomycin.

Development of drug resistance/tolerance by Escherichia coli can be achieved via mutation. For example, adaptation 
to fluoroquinolone has often been due to acquisition of mobile genetic elements. There was evidence supporting the 
sharing of resistant bacteria among livestock, aquatic animals and humans via food production, which poses a critical 
threat to public health.48 The World Organization for Animal Health (OIE) suggested that aquatic animal health should 
rely on constant monitoring and disease surveillance of anti-microbial resistant microbes.49 Generally, fish contamination 
with Escherichia coli probably results from the environment at harvesting and production process of fish.

Conclusions and Recommendations
Escherichia coli isolates were identified in one-fifth of the fish samples taken from raw and cooked fish samples. This 
indicates that Escherichia coli is a contaminant of fish in the study area and its occurrence in fish could represent a risk to 
consumers. Thus, proper attention should be paid to the safety of both raw and cooked fish through proper handling and 
use of adequate processing procedures. The Escherichia coli count was high in the fish sample and above the 
recommended level of Center for Food Safety standards. Most fish food handlers and processors had not taken training 
on the hygienic handling of fish. The filleting ground, fish harvesting materials and fish landing sites in Lake Tana should 
be kept clean. In this study, all isolates of Escherichia coli were susceptible to ciprofloxacin and gentamycin. However, 
more than half of Escherichia coli isolates were resistant to tetracycline and erythromycin. In general, the results 
obtained from this study provide evidence of the unsatisfactory microbiological quality and safety of fish from the local 
artisanal fish value chain. Further investigations should be conducted to investigate different pathogenic strains of 
Escherichia coli, such as Escherichia coli O157 H7.
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