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Abstract

The present study was conducted from January 2021 to August 2021 to identify Salmonella and assess the hygienic handling 
practices along fish market chain from Batu town to eastern part of Ethiopia. A total of 406 different sample sources were randomly 
sampled and included in the study and examined for salmonella. Descriptive statistics and binary logistic regression were used to 
analyses data. The sample obtained were cultured on XLD agar and those samples found positive by XLD agar were further tested by 
biochemical tests for confirmation. The finding of the study revealed that, among total 310 examined samples, 45 (14.5%) were posi-
tive for Salmonella which comprises; 5 (16%), 7 (22.58%), 5 (16%), 13 (41.9%) and 2 (6.45%) of Gill, GIT, Oral, Surface and filleted 
fish samples respectively, showing statistically significant variation in the prevalence of Salmonella among sample sources; filleted 
fish (OR = 8.75; CI = 1-76; p value = 0.049). In addition, 45 were positive for Salmonella from which; 31 (17%) and 13 (10.48%) were 
obtained from Lake and Haramaya town respectively, having statistically significant (p-value < 0.05) variation in the occurrence 
of Salmonella along fish value chain (OR = 2.29; 95% CI = 1.1-4.7; p-value = 0.024). In-vitro antimicrobial resistance profile of 45 
Salmonella isolates were subjected to the seven antimicrobial drug disks. All of the Salmonella isolated were resistant to Amoxicil-
lin (97.8%), Vancomycin (93.3%), Ampicillin (100%), Tetracycline (93.3%) followed by Erythromycin (53.3%), Chloramphenicol 
(46.7%). However the susceptibility profile of Gentamycin were 100% followed by 17.8% of, Chloramphenicol and 4.4% Eryth-
romycin Whereas, Erythromycin, Chloramphenicol, Tetracycline, Vancomycin Amoxicillin Kanamycin, Vancomycin and Ampicillin 
were intermediate susceptible by 42.2%, 35.6%, 6.7%, 6.7%, and 2.2% respectively. All of the 45 resistant Salmonella isolates were 
multidrug resistant (MDR). Salmonella is normally not affect fish but it use as vehicle to transit its life cycle by loaded into the surface 
and other organ of fish which is causing infection in human through cross contamination during handling and eating of improperly 
cooked fish (like asa- lebleb). However the community was not awareness this aggravate people for infection. Besides, the knowl-
edge, attitude and practices of fish handlers were founded to be poor. Thus, urgent intervention program is essential to minimize the 
risk associated with consumption of fish contaminated with Salmonella and prudent use of antimicrobials is recommended.
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Introduction

Fish is crucial to nutritious diet in many areas across the world 
it provides about 3.3 billion people with almost 20 percent of their 
average pre capital intake of animal protein. It contain high quality 
protein and it is an important food component for a large section 
of the world population. Fish contributes about 60% of the world 
supply of protein, and 60% of the developing world derives more 

than 30% of their animal protein from fish [1]. In a world where 
more than 70% of the planet is covered with water, therefore Aqua-
culture and Fisheries contribute a substantial role in food security, 
livelihood, a source of income and social development in develop-
ing countries [2,3]. Besides that fishes are also the great concern 
for export earnings because of their higher nutritive value, low 
cholesterol level and presence of essential amino acid [1]. In devel-
oping countries, despite the low consumption of fish by weight, it 
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contributes 180 kilocalories per capital per day, in a few countries 
with a developed fish preference [4].

Ethiopia is one of a developing country has a number of lakes 
and rivers with substantial quantity of fish stocks. There are more 
than10 major lakes with a total area of 7,400 km and a combined 
length of 7,185 km of major rivers. Many artificial water bodies has 
also contribute for stoked fish for fishery [5] and their are175 spe-
cies of fish in Ethiopia, 40 of these species are endemic found only 
in Ethiopia. Fisheries play a significant role reducing food and nu-
trition insecurity for the very poor in most developing countries. 
Because of its incredible nutrient composition, the contribution 
of fish for proper nourishment and health is a widely document-
ed fact. Fish is rich in quality protein with high bioavailability of 
essential amino acids, essential fatty acids like omega three fatty 
acid and minerals such as iron, zinc, calcium, vitamin A, D and vita-
min B12, which in most cases lack from staple diets in low-income 
countries like Ethiopia [6,7].

In the face of being a good source of high-quality animal protein 
and income for the poor, fish can be a source of food born infections 
and intoxications consequently unique nutrient composition of fish 
is not only preferred by humans but also made the fish a suitable 
medium for the growth and multiplication of microorganism [8,9]. 
For instance, fish’s skin surface, intestine and gills, carries high mi-
crobial load [10] and also fish can be contaminated with pathogens 
through direct contact with water and during processing [8,9]. The 
natural habitat of fish is extremely susceptible to pollution from 
domestic, industrial and agricultural discharges. Therefore, fish 
and other aquatic life forms are susceptible to all Environmental 
hazards and fish processors are also the main sources of fish con-
tamination in small-scale fishery consequently inadequate applica-
tion of good hygiene [11,12].

Therefore, fish and fishery products have been one of the major 
carriers of food borne pathogens [13,19]. Food borne pathogens 
remain a public health threat globally and Salmonella is consid-
ered as one of the primary bacteria responsible for food borne in-
fection to humans. Salmonella is a heterogeneous bacterial genus, 
consisting of rod-shaped, non-spore forming, and Gram-negative, 
non-capsulated, aerobic and facultative anaerobic organisms and 
classified under the family Enterobacteriaceae [14].

Salmonellosis is a second leading cause of food borne illness 
[16] and one of the major zoonotic diseases all over the world the 
majority of 1.3billion annual cases of Salmonella cause human 
gastroenteritis, through the ingestion of undercooked eggs, shell-

fish and fish [17]. The major reservoirs of the Salmonella species 
are aquatic environment; however, fish and fishery products Have 
been ranked as a vehicle of food-borne pathogens [18,19].

Therefore people get infected through consumption of under-
cooked fish and contact with infected fish, fish products, fish pro-
cessing industry and aquaculture water. The problem of Salmonel-
la in public health was not only causing food borne infection but 
also antimicrobial resistant Salmonella are becoming challenge 
because of health risks evoked by these pathogens are difficult to 
mitigate as they are resistant to multiple antibiotics, which makes 
therapy for human as well as food animals difficult [20]. 

Antimicrobial-resistant is increasing due to the use of antimicro-
bial agents in food animals at sub therapeutic level or prophylactic. 
Extensive use of antibiotics as prophylactic agents in aquaculture 
and improper disposal of drug contributes to the emergence and 
spread of antibiotic-resistant microorganisms in the environment, 
among humans, and food animals [21-23]. The incidence of Salmo-
nella resistant to various antimicrobial agents has risen over the 
last several years, resulting in an increase in morbidity and mortal-
ity due to salmonellosis and overall treatment costs [24].

There was scant study on prevalence and antibiotic susceptibil-
ity profile of salmonella on fish in Ethiopia. Some study was con-
ducted in different part of Ethiopia like [25,26] but they are also 
not touch about prevalence and any study is not conducted in Ha-
ramaya lake because of this lake is come back to its status after 
15 year the lake used to provide freshwater for drinking, irriga-
tion, fishing tilapia (Oreochromis niloticus) and catfish (Clarias 
gariepinus). Consequently water contamination occur this lead to 
microbial invasion of water body which causes contamination and 
spoilage of fish. Fish spoils, its nutritional values decrease and bio-
logically hazarded for human consumption. 

The significance of this study was examined selected body of 
fishes and also identifies risks of human exposure to Salmonella 
and guide decisions of whether to include farmed fish samples in 
routine food surveillance for Salmonella.

The Objectives of this Study

•	 To estimate the occurrence of salmonella from fish har-
vested from Haramaya Lake.

•	 To determine the antimicrobial resistance of salmonella 
isolates to the commonly used antimicrobial agents.
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Materials and Methods

Study area

Haramaya district is located at 510 km east of Addis Ababa 
along the main road to Harar town. The altitude of the district 
ranges from 1400 to 2340 m above sea level. The area is located 
at 41°59’58”N latitude and 09°24’10” E longitude. The mean an-
nual rainfall is 492 mm ranging from 118 to 866 mm. The district 
has mean annual temperature and relative humidity of 18°C and 
68%, respectively. The district has two ecological zones of which 
66.6% mid land and 33.3% low land. The woreda experience rain 
fall with a short rainy season occurs usually in February and long 
rainy season extends from July to September. The annual rain fall of 
the areas ranges from 118-866 mm similarly the average month-
ly minimum and maximum temperature of the area is 9.4 and 24 
co, respectively. Mixed crop livestock farming is the predominant 
production system in the rural area. The main livestock types kept 
in the area includes cattle, sheep, goat, camel, donkey and poul-
try. The total livestock population of Haramaya woreda is about, 
101,290 cattle, 112,354 goat, 73,846 sheep, 631 camel and 3,328 
equine species [27,28].

Figure 1: Haramaya Lake (Kibrom., et al. 2019).

Study population

The study was conducted on fish harvested from Haramaya 
Lake. In Lake Haramaya Commercially important species Nile tila-
pia (Oreochromis niloticus) and African catfish (Clarias gariepinus) 
were founds. Nile tilapia constitutes about 90% of the total produc-
tion, while African catfish contribute only about 7-8%. However, 
the contribution of catfish rises to 20% of the total landing during 
the fasting periods of the Ethiopia Orthodox Tewahido Church fol-
lowers [29].

Figure 2: Nile Tilapia (Oreochromisniloticus).

Figure 3: African Catfish (Clariasgariepinus).

Figure 4: Fish Processor.

Study design

A cross sectional study was employed from January 2021-Au-
gust 2021. All samples was collected by purposive sampling strat-
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egy from all fish processer around Haramaya Lake after identifying 
by observation those harvested fish from Haramaya Lake and also 
all cafes and restaurants sold fish in Haramaya town were selected 
purposively.

Sample collection

In the present study, a total of 310 sample was taken purposive-
ly; 124 from Haramaya Lake and 124 samples were collected from 

selected registered cafés and restaurants sold fish with allocated 
equal proportion of each sample types. From each study sites; fro-
zen raw fish, equipment’s, worker’s hand and water were collect-
ed from randomly selected at cafes and restaurants of Haramaya 
town. In addition to this Gill, GIT, oral, Fish surface, Filleted fish 
and Water were purposively collected from Haramaya Lake with 
equal proportion of the collected samples. Due to limited cafes and 
Restaurants sold fish, all of the cafes and Restaurants were selected 
by purposive sampling strategy.

Sample Type Number of Samples in both sites
Haramaya Lake Café/Restaurants Total

Gill 31 - 31
GIT 31 - 31
Oral 31 - 31

Surface 31 - 31
Filleted fish 31 - 31

Water 31 - 31
Frozen raw fish - 31 31
Ready to eat fish - 31 31

Hand swab - 31 31
Equipment - 31 31

Total 186 124 310

Table 1: Summary of Different Sample Types Collected from Haramaya Lake and Café/Restaurants.

Sampling technique and procedures

In 5 trips about 310 samples were collected from Haramaya 
Lake by simple random sampling technique. In each trips once in 
every weak, the total of 62 samples (6 Gill, 6 GIT, 6 Oral, 6 Surface, 
6 Filleted fish, 6 frozen raw fish, 6 ready to eat, 10 water samples 
10 equipment’s and 5 samples from worker’s hand) were collected 
from Haramaya Lake and town then transported to Haramaya Uni-
versity Veterinary Microbiology Laboratory for laboratory analysis. 

Sample handling and transportation

To make sure that samples were taken without being contami-
nated, inverted plastic bags were used for fish sample collection 
and all environmental samples were collected in test tube contain-
ing 9ml of buffered peptone water. During sample transporting, the 
plastic bags were sterilized in order to avoid cross-contamination 
of the inner surface of the plastic bags. All samples were labelled 
with type, place and date of sampling and given an identification 

code then transported to Haramaya University Microbiology Labo-
ratory in icebox containing ice packs for microbiological analysis. 
Upon arrival, the samples were incubate at 37°C then process with-
in 24 hours of collection. 

Isolation and identification of salmonella

About 25g of filleted fish, frozen raw and ready to eat samples 
were weighed out and diluted with buffered peptone water then 
homogenized by stomacher and incubated at 37oC overnight. Ad-
ditionally, (100ml) of water samples were aseptically filtered 
through a Millipore membrane filter (0.45 micrometer). 1ml of the 
membrane filters were pre enriching in 10ml buffered peptone wa-
ter OXOID, England) (for 24 h at 37oC. 0.1 ml of the pre-enrichment 
was transferred with a pipette to 10 ml Rappaport-Vassiliadis soy 
peptone (RVS) broth (OXOID, England). Incubate tube at 41.5oC ± 
0.5oC overnight (18-24 hours). Spread a 10μl loop full of the inocu-
lated RVS broth (II) on XLD (OXOID, England) and incubate at37°C 
for 24hrs.
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A typical Salmonella colony which was a slightly transparent 
zone of reddish colour and a black center was observed. Mark typi-
cal Salmonella growth on XLD with a+ in the record sheets. Salmo-
nella suspected colonies on XLD agar was transferred onto nutrient 
agar plates (OXOID CM0003 500G) for biochemical confirmation. 
The colonies was purified on fresh nutrient agar and subsequently 
it was confirmed with biochemical tests whether the colonies re-
sembling Salmonella on XLD agar by using the citrate test (OXOID 
CM0129 500G), TSI agar (OXOID CM0277 500G), Urea agar (HIME-
DIA M111A-500G), methyl red and Voges Proskauer, Indole test, 
catalase test, oxidase test, motility test. These tests are described 
in this manual except that the urease test will be with urea broth in-
stead of urea agar. (According to ref. 2 Triple Sugar Iron (TSI) agar, 
mannitol, urea, ornithine decarboxylase and lysine decarboxylase 
could be suitable to confirm Salmonella suspect colonies. The de-
tailed procedures of bacteriological analysis and media used in this 
study were done in accordance with recommended procedures and 
preparations [30].

Antimicrobial sensitivity test

Phenotypic antimicrobial susceptibility testing on Mueller–Hin-
ton agar (Oxoid) using the agar disc diffusion method was conduct-

ed to determine the antibiotic-resistant profiles of each isolate. The 
antibiotics to be used were selected among the currently available 
and commonly used chemotherapeutic agents for treatment of 
Salmonella infection in humans and animals. These includes am-
picillin 10µg, Amoxicillin 30µg, tetracycline30, Kanamycin 30µg, 
chloramphenicol 30µg, Gentamycin 10µg, Erythromycin 30µg and 
Vancomycin 30µg were observed. All of the isolated colonies grown 
on nutrient agar were transferred on to tubes containing 5ml of 
distilled water. The broth culture was mixed very well by mixer ma-
chine and then cross-check its homogeneity with test tube contain-
ing 5ml of the 0.5 McFarland turbidity standard. Sterile swab im-
mersed in each of dilution suspension and swabbed uniformly over 
surface of two plates of Muller Hinton agar for each inoculum. The 
plates were held at room temperature for 30 minutes to allow dry-
ing. Using sterile forceps, disc impregnated with known concentra-
tion of antimicrobials were dispensed on to the surface of Muller 
Hinton agar plates (Oxoid LTD, Basingstoke Hampshire, England) 
and the Plates were incubated at 370C for 24hrs. Following incuba-
tion, the diameters of the inhibition zone were measured in mil-
limeters and interpreted in accordance with CLSI guidelines. The 
zone of inhibition was measured and reported as susceptible (S) 
intermediate (I) or resistant (R) in reference to performance stan-
dards for antimicrobial susceptibility testing of Salmonella [31].

Anti-biotic Disk Disk

code

unit Resistance Intermediate Susceptible

Gentamycin GN 10µg 12 13 13-15
Kanamycin K 30µg 13 14-17 17-18

Erythromycin E 30µg ≤ 13 14-22 ≥ 23
Chloramphenicol C 30µg 12 13-17 18

Ampicillin AM 10µg 13 14-16 16-17
Amoxycline and clauvlonic acid AmC 30µg 11 13-14 17-18

Tetracycline TE 30µg 11 12-14 14-15
Vancomycin Vn 30µg ≥ 15

Table 2: Antibiotic Disk Used to Test Salmonella Isolation and Their Respective Concentration.

Data analysis

All the collected data entered and analyzed by using statistical 
package for social science (SPSS) version 20 software and made 
ready for analysis. Descriptive analysis carried out using frequency 
distributions and percentages. Analytical statistics comprised by 
univariate analysis. To identify the association between dependent 

and independent variables univariate logistic regression analysis 
used. A p-value is less than 5% (P < 0.05) considered for statistical 
significance or the 95% CI of the odds ratio didn’t include one. Re-
sults presented in text, tables, and figures and compared with the 
results of other studies.
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Result

Occurrence of salmonella by sample types and study site

The finding of the study revealed that, among total 310 exam-
ined samples, 45 (14.5%) were positive for Salmonella which com-
prises in (Table 2) ; 5 (16%), 7 (22.58%), 5 (16%), 13 (41.9%) and 
2 (6.45%) of Gill, GIT, Oral, Surface and filleted fish samples respec-

tively, showing statistically significant variation in the prevalence 
of Salmonella among sample sources; filleted fish (OR = 8.75; CI = 
1-76; p value = 0.049). In addition, 45 were positive for Salmonella 
from which; 31 (17%) and 13 (10.48%) were obtained from Lake 
and Haramaya town respectively, having statistically significant (p-
value < 0.05) variation in the occurrence of Salmonella along fish 
value chain (OR = 2.29; 95% CI = 1.1-4.7; p-value = 0.024).

Variable Categories No. examined No. positive Positive (%) Odd Ratio 95% CI P-Value
Gill 31 5 16 1.00a

GIT 31 7 22.58 2 0.17-24 0.56
Oral 31 5 16 2 0.17-24 0.56

Surface 31 13 41.9 5.76 0.6-52 0.12
Sample 
source

Filleted fish 31 2 6.45 8.75 1.0-76 0.049*

Water 31 2 6.45 2 0.17-24 0.56
Frozen raw 31 5 16 3.2 0.3-32 0.32
Ready to eat 31 1 3.2 5.76 0.6-52 0.12
Hand swab 31 3 9.67 5.76 0.6-52 0.12
Equipment 31 2 6.45 21.6 2.6-179 0.004*

Sample 
site

Lake 186 32 17 1.00a

Café/Restau-
rants

124 13 10.48 2.29 1.1-4.7 0.024*

Total 310 45 14.5

Table 3: Occurrence of Salmonella in Fish Harvested from Haramaya Lake.

Antimicrobial susceptibility test

In-vitro antimicrobial resistance profile of 45 Salmonella iso-
lates were subjected to the seven antimicrobial drug disks. All 
of the Salmonella isolated were resistant to Amoxicillin (97.8%), 
Vancomycin (93.3%), Ampicillin (100%), Tetracycline (93.3%) fol-
lowed by Erythromycin (53.3%), Chloramphenicol (46.7%). How-

ever the susceptibility profile of Gentamycin were 100% followed 
by 17.8% of, Chloramphenicol and 4.4% Erythromycin Whereas, 
Erythromycin, Chloramphenicol, Tetracycline, Vancomycin Amoxi-
cillin Kanamycin, Vancomycin and Ampicillin were intermediate 
susceptible by 42.2%, 35.6%, 6.7%, 6.7%, and 2.2% respectively.

Drug type Intermediate (%) Susceptible (%) Resistant (%)
Vancomycin 3 (6.7) - 42 (93.3)
Gentamycin - 45 (100) -

Chloramphenicol 16 (35.6) 8 (17.8) 21 (46.7)
Erythromycin 19 (42.2) 2 (4.4) 24 (53.3)

Amoxicillin 1 (2.2) - 44 (97.8)
Tetracycline 3 (6.7) - 42 (93.3)
Ampicillin - - 45 (100)

Table 4: Antimicrobial Susceptibility Profile of Salmonella Isolated from Fish and Contact Surfaces (N = 45).
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Distribution of antimicrobial resistant salmonella among 
sample type

All of the 45 resistant Salmonella isolates were multidrug re-
sistant (MDR). The proportion of MDR Salmonella isolates varied 

between sample types being highest in all isolated salmonella from 
frozen raw, Gill, GIT, oral, surface, hand swab, equipment filleted 
fish, ready to eat fish and water samples were resistant to four or 
more than four drugs.

Code of isolated bacteria Resistance in 
number

Drug name

FS60 2 VAN, AMP
FG24, FS34, FRF304 3 VAN, AMOX, AMP

HS144, HS259, FRF266, FRF296, FRF273, FRF261, FS12, 
FG8

4 VAN, AMOX, TET, AMP

F0109 4 VAN, CHL, AMOX, AMP
FGIT74 4 CHL, AMOX, TET, AMP

FG29, FG5, FGIT81, FGIT69, FO143, FS206, FO189 5 VAN, CHL, AMOX, TET, AMP,
FGIT27 5 CHL, ERTH, AMOX, TET, AMP

E111, E223, HS126, RTE306, W222, W216, FF80, FF55, 
FS44, FS7, FS41, FF55, FS51

5 VAN, ERYTH, AMOX, TET, AMP

FGIT21, FG13, FGIT64, FO14, FO131, FS26, FS19, FS22, 
FS15, FS50,

6 VAN, CHL, ERTH, AMOX, TET, AMP

Table 5: Distribution of Antimicrobial Resistant Salmonella among Sample Type (N = 45).

No Date of sample col-
lection Species of fish Site of sample col-

lection Organ sample collection

Table 6: Format Used for Collection Sample.

Discussion

Out of the total (310) number of the samples obtained, 45 
(14.5%) were found Salmonella positive of which 5 (16 %) were 
from Gill, 7 (22.58) % GIT, 16% in Oral, 13 (41.9) % surface fish, 2 
(6.45) filleted fish, 5 (16%) frozen raw, 1 (3.2%) ready to eat fish, 
3 (9.67%) worker’s hand, 2 (6.45%) equipment’s and 2 (6.45%) 
of lake water samples. Occurrence of Salmonella in this study was 
found in line with the previous study conducted in China (12.4 %), 
[32] and 11. 5 % in Nigeria [12]. This result was found in contrary 
with the prevalence of previous study conducted by [33] in Viet-
nam with the prevalence of 36.6% and 39.9% by [34] conducted 
in Saudi Arabia. This difference might be due to climate difference, 

source of sample, handling practice, duration of study and low 
attention about contamination of fish in processing chain in this 
study area.

In this finding isolated Salmonella from ready to eat fish were 
3.2%.But this finding was disagree with the result of [35], those 
reported 0% of Salmonella from undercooked and ready to eat 
fish. There was no any finding of the occurrence of Salmonella 
from ready to eat fish. This difference might be due to improper 
handling of ready to eat fish, street vender of fish sellers were dis-
tribute fish with bare hand and also they sell cooked fish inform of 
sandwich by inserting in the bread. In the current finding the oc-
currence of Salmonella from water samples was 6.45% which was 
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lower than the finding of [26], who reported 18.2% of the preva-
lence of Salmonella from water. Similarly, it is also lower than the 
finding of [36] were 31% from freshwater This difference might 
be due to water quality difference, temperature of water, source of 
water and sample difference. This high level of infection indicate 
that contamination of water by feces of the animal, aquatic birds, 
entrance of flooding and sewage come from Haramaya university, 
releasing of fish left over on the body of lake by fish processer and 
inappropriate removal of solid and liquid waste disposal like plas-
tic, because it is near to rod.

In the present study, all of the 45 isolates of fish sample sourc-
es were totally susceptible to Gentamicin (GM) (10 μg) followed 
by Chloramphenicol (C) (30 μg) 17.8% and Erythromycin 4.4%. 
Whereas, Erythromycin, Chloramphenicol (C) (30 μg), Tetracy-
cline, Vancomycin and Amoxacillin, by42.2%, 35.6%, 6.7%, 6.7% 
and 2.2% respectively. However, all of isolated salmonella were 
resistant to Ampicillin followed by Amoxacillin 97.8%, Tetracy-
cline 93.3%, Vancomycin 93.3%, Erythromycin 53.3% and Chlor-
amphenicol 46.7%. This finding was in agreement with [34] who 
reported: Tetracycline (90.71%) followed by Ampicillin (70%) in 
Saudi Arabia and also the finding of [37] who report 90% resistiv-
ity for Tetracycline and Erythromycin in Ghana. The high resistance 
indicated for all drugs observed may be due to prolonged exposure 
of the organism to the drugs. The increase and spread of antimicro-
bial-resistant of Salmonella has been associated with extensive use 
of antimicrobial agents, not only in human and veterinary medi-
cine, but also in livestock production for disease prevention or as 
growth promoters in the animal husbandry and aquaculture which 
lead to development of resistance among environmental species 
[38-40]. This increase of antimicrobial-resistant Salmonella phe-
nomenon could limit the therapeutic options for clinical cases 
that require antimicrobial treatment [38]. Salmonella antibiotic-
resistant strains have been isolated in fish in Brazil and worldwide, 
which evidences the transference of resistance genes among the 
aquatic microbial population, which can lead to more severe and 
difficult to treat food borne infections [41]. 

Conclusion and Recommendation

Contamination of aquaculture and water environment lead to 
contamination of fish by pathogenic bacteria. Salmonella is nor-
mally not affected fish but it use as vehicle to transit its life cycle 
by loaded into the surface and other organ of fish which is causing 
infection in human through cross contamination during handling 
and eating of improperly cooked fish (like asa- lebleb). However, 

the community was not awareness this aggravate people for infec-
tion. The present study showed that 14.5% of prevalence of sal-
monella this indicates that the organ of the fish was preferable 
for bacterial multiplication and spoilage and Salmonella positive 
samples showed resistance at least for one drug this increase the 
virulence of the bacteria and increase human health risk factor this 
due to improper disposal of waste material and entrance of flood 
and animal waste and improper handling after the fish was landing 
this was like using of unclean processing material landing of the 
fish on the soil based on this the following recommendation where 
forwarded.

•	 Awareness should be created for community about 
public health importance of bacterial disease due to fish 
contamination.

•	 Restrict rearing of animal and removal of waste disposal 
around the lake area.

•	 Working of dishes to prevent entrance of flooding.

•	 Due to the lake was found around the Haramaya Univer-
sity the literate community should give attention and 
shall better to do further research to aware the govern-
ment and done many project to support the community.

•	 Fish harvesting societies and handlers should take the 
training about harvesting and processing of fish to pre-
vent contamination of fish. 

•	 Processing plants should be built in each landing sites 
with their facilities.

•	 Regular surveillance of fishes sold for consumption to 
know the level and types of antimicrobial resistance is 
important.

•	 Further study on the identification of salmonella species 
and on its associated risk factor.
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