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Salmonella became a challenge to the global food system, from Tana, Salmonella, enumeration

production to consumption. In this study crosssectional
study- conducted from October 2018 to June2019 with the
purpose of estimating the occurrence of Salmonella and to
assess drug resistant profile of Salmonella isolated fromfish
value chainof North West Ethiopia. Multistage sampling
technique was ap- plied for selecting study districts, kebeles
and landing sites. Systematic random sampling was used to
sample individual fish.The muscle of fish was tested using
routine biochemical tests. Data of potential risk factors were
collected using struc-tured questionnaire through face-to-face
interview. Data wer- eentered and analyzed using STATA
version 12. The overall prevalence of Salmonella in the study
area was 36.43%.Twenty five percent of Salmonella isolates
showed resistance at least for one drug.Ciprofloxacin (CIP-
Sug) was found the highest (9.8%) followed by Ceftazidime
(CAZ-30ug), 4.88% which salmonella developed resistant
from the other drugs.Factors independently predict to
salmonella occurrence were pres- ence of contamination 1.1
(AOR= 1.06; 95%CI=1.04, 1.4), fish that was noticed after
landing 2(AOR= 2.2; 95%CI=0.01, 5.41) and poor handling
practice 2(AOR=1.8; 95%CI1=0.001, 3.32). In conclusion the
biochemical finding and the questionnaire survey indicated
that Salmonella is widely distributed in fish harvesting in
Lake Tana. hence appropriate control measures including
awareness creation, code of practice, quality control measures
and regular surveillance on landing sites, processing areas,
processors, processing materials, retailer markets and the
public in general should be implemented to mitigate the
problem.
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Introduction

More than 70% of the planet is covered with wa-
ter and aquatic foods and providing an essential
component of the global food and contributing to
improve nutrition, health and well-being of humans
(Tacon and Metian, 2013). Fish and shellfish are
the most nutritive and highly desirable food. It pro-
vides a good quantity of animal protein in the diet
with high protein and omega three fatty acid, vita-
mins (D and B2) and different minerals(iron, zinc,
phosphorus) (Bujjamma, 2015). Fishes accounts for
approximately 17% of the global animal protein in-
take (FAO, 2014).

In developing countries, despite the low consump-
tion of fish by weight, it contributes 180 kilocalo-
ries per capital per day, in a few countries with a
developed fish preference (Lokuruka, 2009). Fish
food, in addition to being a healthy food with nu-
tritional value can act as a source of food borne
pathogens on the other hand(Lin et al.,2017). For
instance, fishes skin surface, intestine and gills, car-
ries high microbial load (1.72 + 0.68 x 108 to 7.00
+ 3.39 x 108) (Mhangoetal., 2010).Therefore, fish
and fishery products have been recognized as a ma-
jor carrier of food borne pathogens (Nayarit-Balles-
teroset al., 2016).

Food borne pathogens remain a public health threat
globally and Salmonella is considered as one of the
primary bacterial food borne pathogens to humans
(Linetal., 2017). Aquatic environments are the ma-
jor reservoirs of Salmonella especially in tropical
regions (Amare and Endalew, 2018). Salmonella
have strong association with animals and as such
foods of animal origin must be considered poten-
tially contaminated in a fresh, unprocessed condi-
tion (Soltanet al., 2010).

Salmonella is one of the leading causes of human
gastroenteritis. About 1.3 billion annual cases of
human gastroenteritis are resulting from the inges-
tion of contaminated food products such as shell
fish and fish (Pouokam, 2017).The non-typhoid
Salmonellaenterica is a common cause of a num-
ber of different disease syndromes including gas-
troenteritis, bacteremia, and typhoid fever, with the
most common being gastroenteritis, which is often
characterized by abdominal pain, nausea, vomiting,
diarrhea, and headache in humans (Legesse et al.,
2015).

Salmonella has been isolated from fish and other
seafood (Elhadi, 2014). It may be transferred to the
seafood due to the poor hygienic conditions during

transportation and marketing (Sarter, 2007).Preva-
lence of Salmonella in sea foods, have been studied
in different regions of the world and health risks
were evaluated. Distribution of Salmonella in sea-
food on a regional basis indicated to be highest in
central Pacific and Africa; 12% and lowest in Eu-
rope/Russia and North America; 1.6%(Al-iedaniet
al., 2016). In country basis prevalence of salmonel-
la on fish food in Khartoum, Sudan 9.2%(Ali and
Hussein, 2010), fish and crustaceans in Coimbatore,
India 14.7% (Lakshmanaperumalsamy, 2014),sea-
food in Greecell.2% , cooked shellfish in UK 5.2%
has been reported.

In spite of constant surveillance and intensive ef-
forts, food-poisoning outbreaks due to salmonel-
losis are increasing in western countries and fish-
ery products account for significant portion of the
outbreaks reported (Gandra, 2014). In developing
country like Ethiopia, there is no such continuous
monitoring system and the number of exact cases
is not known (Delia, 2015). In recent years, the in-
creasing popularity of unprocessed foods contain-
ing raw fish potentially increases the risk of salmo-
nellosis. In Ethiopia, in addition to contamination
during food preparationand under cooked fish may
a cause for human Salmonellosis. There is scant
study on occurrence and antimicrobial suscepti-
bility profile of Salmonella in fish origin foods in
Ethiopia.

Antimicrobial resistance is not new, but the num-
ber of resistant organisms, the geographic locations
affected by drug resistance and the breadth of re-
sistance in single organisms are unprecedented and
mounting (Bujjamma, 2015). Nevertheless, the re-
sistance problem was perceived by some, most no-
tably those in the industrialized world, as a curiosity
of little health concern confined to gastrointestinal
organisms in distant countries (Pouokam, 2017).

Previous studies on Salmonella of fish foods and
drug resistance pattern were not adequately ad-
dressed. However drug resistance is mobile, the
genes for resistance traits can be transferred among
bacteria of different taxonomic and ecological
groups by means of transduction, conjugation, and
transformation (America Food and Drug Admin-
istration, 2001). These genes are generally direct-
ed against a single family or type of antibiotic, al-
though multiple genes, each bearing a single drug
resistance trait, can accumulate in the same organ-
ism. The resistance mechanisms are varied, like the
antibiotics themselves (Ali., 2017).

There is no study conducted on associated risk fac-
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tors and occurrence of Salmonella from fishorigin
foods in the study area /North West Ethiopia.Never-
theless,fish foods mayfoundcontaminated through
handlers along the value chain; the occurrence in
fish food is unknown adequately. Finally, this work
may serves as a source of information for further

investigations and to take corrective interventions.
Up to our knowledge, a few studies have yet been
conducted in Ethiopia to assess the occurrence, as-
sociated risk factors and drug resistance profiles of
Salmonella isolated from fish value chain, butnone
has been conducted inNorth West Ethiopia.
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Figure 1: Map of the study areas,2019

Sampling Strategy

Multistage sampling technique was applied for se-
lecting study districts, kebeles and fish origin foods.
The districts were selected purposively based on
annual fish production, number of personnel or
operators and their geographical locations to Lake
Tana to be representative. while simple random
sampling technique was used for selecting kebeles.
Systematic random sampling was used to sample
individual fish foods/muscle tissue. A total of 140
fish muscle tissue samples were sampled.For the
purpose of identification of associated risk factors
of Salmonella from fish a total of 40operators, 10
from each district were interviewed.

Questionnaire surveyData Collection

Face-to-face interview with semi-structured ques-
tionnaire was used to collect the data with respon-
dent of the selected fish meat sellers, fish harvest-
ers and fish filletors. The questionnaire consists of
their experience and objective of fish harvesting,
harvesting area and equipment, types of fish spe-
cies,questions to monitor handling and hygiene,
landing infrastructure, equipment and materials.

Laboratory Sample collection and analysis

Over a period of 9months (October- June2019) of
140 samples from fish musclewere collected. The
fish tissue samples were weighed, wrapped in a pre-
cleaned aluminium foil and then packaged into zip
lock plastic bags. Then were stored in an ice box
and transported to Amhara Public Health Institute
(APHI) Microbiology Laboratory within two hours
on average for processing and isolation of Salmo-
nella.

Of 140 samples among value chain (50 samples
from landing site,45 from fish retailers and 45 from
hotels and restaurants) were collected. Salmonella
was isolated from fish samples based on the con-
ventional methods for the detection of Salmonella
following the standard guidelines from ISO 6579
(Mooijman et al., 2019).

Antibiotic sensitivity test

Antimicrobial susceptibility test was done based on
the criteria of the Clinical and Laboratory Standards
Institute (CLSI), (2018) for all isolates of Salmonel-
la. Taking pure isolated colony, bacterial suspension
was adjusted to 0.5McFarland turbidity standards.
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E. coli (ATCC 25922), which was susceptible to
all tested drugs, was used for quality control. Anti-
microbial was selected based on the groupings
of antimicrobial agents with Ethiopian food and
drugadministration which are commonly used for
treatment of Salmonella in animal and human were
selected. The anti-microbial susceptibility test was

conducted for 6 antimicrobial by Kirby—Bauer disc
diffusion method on Mueller-Hinton agar (MHA).
The zone of inhibition was measured with caliper
meter in millimeter (mm) and interpreted according
to the standard of CLSI guideline and manufactur-
ers recommendation as susceptible, intermediate or
resistant Table 1; (CLSI, 2018).

Table 1: Clinical Laboratory Standard Institute breakpoints for Enterobacteriaceae (CLSI, 2018)

Antimicrobial Conciantratlon Susceptible® Intermediate” Resistant”
(ng/disc)
Co-trimoxazol 25 >20 15-19 <14
Ciprofloxacin 5 >21 16-20 <15
Ceftazidime 30 >18 14-17 <13
Chloramphenicol 30 >18 13-17 <12
Amoxclav (AMP)/ |10 >17 14-16 <13
Gentamicin 10 >15 13-14 <12

Data Management and Analysis

Data were entered and analyzed using the statis-
tical software, STATA 12.0.Descriptive statistics
was applied to summarize the data and expressed
using frequency and percentage. Bivariate logistic
regression then followed by a multivariable logis-
tic regression models were used finally toidentify
potentially strong predictors of the outcome vari-
able. Confidence Interval (Cl)of 95% and P value
less than 0.05 used as cut of point of significance.
The odds ratio was used to assess the magnitude of
associations.

Methods
Description of Study Area

This study was conducted in North West Ethiopia
along the value chain of Lake Tana fish produced
for human consumption. Lake Tana is located North
West of Ethiopia at latitude and longitude of 12°0'N
37°15'Erespectively. Lake Tana is the head of the
Blue Nile and is the largest Lake in Ethiopia (Ethio-
pian Meteorology Agency, 2016).The lake has three
main commercially important fish groups such
as: large Labeobarbusspp., African catfish (Clar-
iasgariepinus) and Nile tilapia (Oreochromisniloti-
cus).About 15,000 tons of fish are landed each year
at Bahir Dar; with an estimation of 15% of its sus-
tainable amount (Largen and Spawls, 2010).There
are 55 fishery enterprises with total 1217 operators
1154 males and 63 females. This lake is the major
fish contributor of North West Ethiopia (Amhara
Regional State Agriculture Office, 2017). The sam-
ple was taken in fish value chain of four districts
(Bahir Dar Town, Dembia, North Achefer and Li-

bokemkem)around the Lake Tana (Figure 1).
Figure 1: Map of the study areas,2019
Sampling Strategy

Multistage sampling technique was applied for se-
lecting study districts, kebeles and fish origin foods.
The districts were selected purposively based on
annual fish production, number of personnel or
operators and their geographical locations to Lake
Tana to be representative. while simple random
sampling technique was used for selecting kebeles.
Systematic random sampling was used to sample
individual fish foods/muscle tissue. A total of 140
fish muscle tissue samples were sampled.For the
purpose of identification of associated risk factors
of Salmonella from fish a total of 40operators, 10
from each district were interviewed.

Questionnaire surveyData Collection

Face-to-face interview with semi-structured ques-
tionnaire was used to collect the data with respon-
dent of the selected fish meat sellers, fish harvest-
ers and fish filletors. The questionnaire consists of
their experience and objective of fish harvesting,
harvesting area and equipment, types of fish spe-
cies,questions to monitor handling and hygiene,
landing infrastructure, equipment and materials.

Laboratory Sample collection and analysis

Over a period of 9months (October- June2019) of
140 samples from fish musclewere collected. The
fish tissue samples were weighed, wrapped in a pre-
cleaned aluminium foil and then packaged into zip
lock plastic bags. Then were stored in an ice box
and transported to Amhara Public Health Institute
(APHI) Microbiology Laboratory within two hours
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on average for processing and isolation of Salmo-
nella.

Of 140 samples among value chain (50 samples
from landing site,45 from fish retailers and 45 from
hotels and restaurants) were collected. Salmonella
was isolated from fish samples based on the con-
ventional methods for the detection of Salmonella
following the standard guidelines from ISO 6579
(Mooijman et al., 2019).

Antibiotic sensitivity test

Antimicrobial susceptibility test was done based on
the criteria of the Clinical and Laboratory Standards
Institute (CLSI), (2018) for all isolates of Salmonel-
la.Taking pure isolated colony, bacterial suspension
was adjusted to 0.5McFarland turbidity standards.
E. coli (ATCC 25922), which was susceptible to
all tested drugs, was used for quality control. Anti-
microbial was selected based on the groupings
of antimicrobial agents with Ethiopian food and
drugadministration which are commonly used for
treatment of Salmonella in animal and human were
selected. The anti-microbial susceptibility test was
conducted for 6 antimicrobial by Kirby—Bauer disc
diffusion method on Mueller-Hinton agar (MHA).
The zone of inhibition was measured with caliper
meter in millimeter (mm) and interpreted according
to the standard of CLSI guideline and manufactur-
ers recommendation as susceptible, intermediate or
resistant Table 1; (CLSI, 2018).

Data Management and Analysis

Data were entered and analyzed using the statis-
tical software, STATA 12.0.Descriptive statistics
was applied to summarize the data and expressed
using frequency and percentage. Bivariate logistic
regression then followed by a multivariable logis-
tic regression models were used finally toidentify
potentially strong predictors of the outcome vari-
able. Confidence Interval (Cl)of 95% and P value
less than 0.05 used as cut of point of significance.
The odds ratio was used to assess the magnitude of
associations.

Result and Discussion
Occurrence of Salmonellosis

A total of 140 samples collected from value chain
of fishsamples obtained, 51 (36.43%)were found
Salmonella positive (Table 4.1). The occurrence of
Salmonella in this study was found in line with the
previous study conducted by (Nguyen et al., 2016)
in Vietnamwith the occurrence of 36.6%.This result
was found in contrary with the occurrence of previ-
ous study in china 12.4%(Zhang et al., 2015), 11.5
% in Nigeria (Raufu et al., 2014) and 4% in Brazil
(Ferreira etal., 2014).This difference might be due
to low attention about contamination of fish in pro-
cessing chain in this study area.

Antibiotic Susceptibility Profile

Twenty five percent of Salmonella isolates (13 of
51) showed resistance to at least one antibiotic.
Antimicrobial susceptibility pattern of Salmonella
isolates from fish sample of Lake Tana is depicted
below (Table: 2).

Ciprofloxacin was found the highest (9.8%) fol-
lowed by Ceftazidime, 4.88% from the other drugs
(Table 2). In Morocco, (Setti et al., 2009), 49% of
Salmonella isolates (28) showed resistant to ampi-
cillin (22 isolates), nalidixic acid (9 isolates), sul-
fonamide compounds (2 isolates) and tetracycline
(1 isolates).Six isolates showed resistance to two
antimicrobial substances (Setti et al., 2009).

In Nigeria, Raufu et al. (2014) isolated 23 Salmo-
nella strains and overall antimicrobial resistance
patterns indicated that most isolates were resistant
to streptomycin 10 (43.5%), sulfamethoxazole 8
(34.8%) and trimethoprim 5 (21.7%), which con-
stitutes a serious health risk for humans. Zhouet al.
(2019) evaluated the antimicrobial resistance profile
for Salmonella of fish showed resistance to tetra-
cycline (35.9%), ampicillin (28.2%), nalidixic acid
(26.2%), trimethoprim sulfamethoxazole (25.2%),
chloramphenicol 4%) and streptomycin (18.4%).

Table 2: Antimicrobial susceptibility pattern of Salmonella isolates from fishvalue chain, 2019.

Drugswith their concentration Susceptible (%) Intermediate (%) | Resistance (%0)
Co-trimoxazol (SXT-25ug 45.09 41.17 9.8
Ciprofloxacin (CIP-5pg) 90.19 7.84 1.9
Ceftazidime (CAZ-30ug), 78.43 14.72 4.88
Chloramphenicol(C-30ug) 74.5 22.56 2.92

Amoxclav (AMC-30 ng), 90.19 7.84 1.96
Gentamicin (CN- 10 pg) 84.31 11.76 3.92
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In Brazil, Carvalhoet al., (2009) isolated 103 Sal-
monella strains; 4% of the strains showed resistance
to tetracycline, 2% to nalidixic acid and 2% to sul-
famethoxazole. In a study conducted by Costaet
al. (2016)cited by Fernandeset al., (2018) the an-
timicrobial susceptibility of 21 Salmonella strains
obtained from Tilapia (Oreochromis spp.), both
whole and in fillets, in the state of Sdo Paulo was
determined. Isolates were sensitive to Gentamicin
(95%), amikacin (66%) and ciprofloxacin (66%),
and resistant to florfenicol (80%) which is surpris-
ing, since its use is relatively recent in veterinary
medicine in Brazil. Salmonella antibiotic-resis-
tant strains have been isolated in fish in Brazil and
worldwide, which evidences the transference of re-
sistance genes among the aquatic microbial popula-
tion, which can lead to more severe and difficult to

treat food borne infections (Olgunoglu, 2012).

Risk Factors Associated with Occurrence of Salmo-
nella

In the simple logistic regression, from variables un-
der computed (Table 3); form of the fish presented
to the consumers, harvesting area, contamination,
storage of the fish, fish iced after landing, fish han-
dling, protection of tools from contamination and
availability of refrigeration during transportation
were significant in bivariate logistic regression and
selected as candidate for multivariable logistic re-
gression.

In multivariable logistic regressioncontamination
of the lake, fish handling and fish iced after landing
were independent predictors of Salmonella in a fish
(Table 3).

Table 3. Predictor Variables for the Occurrence of Salmonellain Lake Tana, 2019

Associated factor Salmonella occurrence AOR
. Variable cate- COR (95%Cl)
Variables No Yes (95%Cl)
gory
Contamination of ves 1 1 L 1
lake No 4 24 0.02 (0.08- 1.06 (1.04-1.4)
0.12) *
Yes 2 8 1 1
:ﬁeo' soon after land- No 3 ”7 0.05(0.07- |22 (0.01-
g 0.17) 5.41) *
Yes 1 5 1 1
Good Fish handling No 4 30 0.11(0.04- 1.8 (0.001-3.32)
0.26) *
Whole fish 2 8
Formofthefish | CUtted 2 15 é 5 0005
Filleted 2 11 0.72)
Bahir Dar 2 14 1
town
. 0.04 (0.00-
Harvesting area Dembiya 2 1 0.08)
Northachefer |0 2
Libo-keme- 1 8
kem
Tilapia 1 8 1
Species type received | Labeobarbus |3 17 8'(1)2)(0'04-
Catfish 2 9
Yes 2 9 1
Storage used Tools 0.1 (0.01-
No 4 25 0.22)
Yes 2 9 1
Hygiene protection 0.1 (0.01-
No 4 25 0.22)




Journal of Aquaculture Engineering and Fisheries Research,7(7): 1-9 (2021)
Journal abbreviation: J Aquacult Eng Fish Res

The occurrence of Salmonella in a fish in contam-
inated environment was about 1.1(AOR= 1.06;
95%CI=1.04, 1.4) times more likely compared to
the environment which is kept non-contaminated.
In addition to contamination, fish iced after landing
was one of the predictors of occurrence of Salmo-
nella in a fish. Salmonella in a fish among not iced
fishes was 2(AOR= 2.2; 95%Cl= 0.01, 5.41) times
more likely than those iced. In addition to this Sal-
monella in a fish among poor handling practice was
about 2(AOR=1.8; 95%CI=0.001, 3.32) times more
likely than those which were in good handling (Ta-
ble 3).From the computed variables contamination,
absence of icing immediately and poor hygiene
were found predictor variables for the occurrence
of Salmonella.

The complex concept of fish quality consists of
safety, nutritional value, availability, integrity,
freshness, eating quality, product size and type (Ab-
bas et al., 2008). The most serious problem related
to fish product safety is the contamination with mi-
crobial pathogens. Fish products are highly sensi-
tive to spoilage because of their high-water content,
neutral pH, and high amount of amino acids and
naturally present autolytic enzymes (Jeyasekaran et
al., 2006).1n addition to contamination, fish iced af-

ter landing was one of the predictors of occurrence
of salmonella in a fish. Salmonella in a fish among
not iced fish was 2(AOR= 2.2; 95%ClI= 0.01, 5.41)
times more likely than those iced. Mol and Tosun
(2011) investigated the quality of fish purchased
from retail markets in Istanbulamong poor handling
practice was about 2(AOR=1.8; 95%CI=0.001,
3.32) times more likely than those which were in
good handling.

Microbial load and its public health risk

The enumeration of Salmonella in the samples was
determined using the three-tube most probable
number (MPN) method. For the MPN method, 25
g of homogenized samples were mixed with 225
ml of BPW (Huankai). Then, 10 ml of this mixture
was added to three empty tubes and transferring in
triplicate 1 ml of the mixture into three tubes con-
taining 9 ml of BPW followed by making 10-fold
dilution. Salmonella detection of each tube was the
same with qualitative method. The MPN value was
determined on the basis of the number of positive
tube(s in each of the three sets using the MPN table.

Table. microbial load of Salmonella in retail fish
processing markets around lake Tana bahir dar
Ethiopia.

Table 3. Predictor Variables for the Occurrence of Salmonellain Lake Tana, 2019

Type of fish spp. and Samples NO'.(O./O) samples No. of samples

sample tested no. E;S;::g\;eelf; r Salmonella(MPN/g)

Fish spp. fyaprzp'e 031 | 01-Oct  10-110 | >110

tilapia muscle 50 21(15%) 11 3 1 3

Labeobarbus | muscle 45 15(10.7%) 0 0 2 7

Cat fish muscle 45 15(10.7%) 0 0 3 5

Total 140 51(36.4%) 11 3 6 15
Conclusions

Salmonella was found from fish muscle tissue samples; this indicates hygiene protocols should be applied
for harvesting and processing of fish from farm to mouth to prevent the acquirer of Salmonella by human
beings. IsolatedSalmonellawas showed resistanceat least for one drug.Regular surveillance of fishes sold
for consumption to know the level and types of antimicrobial resistance is important. Among the associated
risk factors considered contamination, low habit of icing soon after landing and poor handling practice
were statistically significant independent predictors of occurrence of Salmonella.Fish harvester societies
and handlers should take the training about harvesting and processing of fish to prevent contamination of
fish.Processing plants should be built in each landing sites with their facilities. Code of practice should be
installed for fish harvesters, processors and sellers to ensure safe fish products.



Journal of Aquaculture Engineering and Fisheries Research,7(7): 1-9 (2021)
Journal abbreviation: J Aquacult Eng Fish Res

References

1.

10.

11.

Al-iedani, A. A., Khudor, M. H. and Oufi, N.
M., 2016. ‘Isolation and Identification of Sal-
monella Spp. From Poultry Farms by Using
Different Techniques and Evaluation of Their
Isolation and Identification of Salmonella Spp.

Ali, 2017. ‘Cross Resistant Salmonella enterica
Isolates from Dairy Cattle and Humansin New
Source and Geographic Associations’, 83(12),
1-18.

Ali, A. and Hussein, E. L., 2010. ‘Prevalence
of Salmonella enterica sub-speciesentericaSe-
rovars in Khartoum’, (October). Doi: 10.3923/
jm.2010.966.973.

Amare, D. and Endalew, M., 2018. ‘Interna-
tional Journal of Aquaculture and Fishing Con-
dition and Fishers Income’: 4, 6-9.

Budiati, T. Rusul G., AlKarkhi A.M. Ahmad
R., Arip Y.M,, 2011. ‘Prevalence of Salmonella
spp. from Catfish (Clariasgariepinus) by using
improvement isolation methods’.2011 Interna-
tional Conference on Asia Agriculture and Ani-
mal. IACSIT Press, Singapore 13, 71-75.

Bujjamma, P. P.,2015. ‘Incidence of Salmonella
species in fish and shellfish of Guntur domes-
tic fish market, Andhra Pradesh, India’, 3(5),
177-185.

Fernandes D. V, Castro V.S., Neto A.D., Figue-
iredo E.E., 2018. Salmonella spp. in the fish
production chain: a review; 48:8; 1-9.

Ferreira E. M., Lopes I.S., Pereira D. M., Ro-
drigues L.C., Costa F. N., 2014. Microbiolog-
ical quality of the fish saw (Scomberomorus
brasiliensis) and the ice used for its conserva-
tion.81 (1), 49-54.

Elhadi, N., 2014. ‘Prevalence and antimicrobial
resistance of Salmonella spp. In raw retail fro-
zen imported freshwater fish to Eastern Prov-
ince of Saudi Arabia’, Asian Pacific Journal of
Tropical Biomedicine. Hainan Medical Univer-
sity, 4(3), 234-238.

Gandra, S., Barter, D. M. and Laxminarayan,
R., 2014. ‘Economic burden of antibiotic resis-
tance: how much do we really know ‘Clinical
Microbiology and Infection. European Society
of Clinical Infectious Diseases, 20(10), 973—
980.

Liu H., Whitehouse, C.A. and Li B., 2018.
Presence and Persistence of Salmonella in Wa-
ter: The Impact on Microbial Quality of Water

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

and Food Safety. Front. Public Health 6:159.
doi: 10.3389/fpubh.2018.00159.

Lakshmanaperumalsamy, A. A., 2014. ‘Prev-
alence of Salmonella in fish and crustaceans
from markets in Coimbatore’, 111-116.

Legesse, G., 2015. ‘Prevalence and antimicro-
bial susceptibility patterns of Salmonella iso-
lates in association with hygienic status from
butcher shops in Gondar town, Ethiopia’, I. An-
timicrobial Resistance and Infection Control,
pp. 17. Doi: 10.1186/513756-015-0062-7.

Lin Li, Xingyang Y.,and Dai, W.,2017. ‘RNA-
seg-based analysis of drug-resistant Salmonella
enteric serovar Typhimurium selected in vivo
and in vitro’, pp. 1-14.

Lokuruka, M. N., 2009.Scombrotoxicosis in
African fisheries-its implications forinterna-
tional fish trade: an overview. Afr. J. Food Ag-
ric. Nutr. Dev. 9(7): 1617-1634.

Mol, S. & Tosun, S.Y.,2011. The Quality of
Fish from Retail Markets in Istanbul, Turkey.
Journal of Fisheries Sciences. 5, 16-25.

Mhango, M., Mpuchane, S. and MpuchaneB.,
2010. Incidence of indicator Organisms, oppor-
tunistic and pathogenic bacteria in fish.Afr. J.
Food, Agric. Nutri. Dev.10 (10).

Nayarit-ballesteros, N., 2016. ‘Perfil de resis-
tencia an antibioticos de serotipos de Salmo-
nella spp. aislados de carne de res molida en la
Ciudad de México’, 58(3), 371-377.

Olgunoglu, 1.A.,2012. Salmonella in Fish and
Fishery Products. Mahmoud BSM.Salmonel-
la-A Dangerous Foodborne Pathogen: InTech.

Pouokam, G. B., 2017. ‘Contaminants in Foods
of Animal Origin in Cameroon: A One Health
Vision for Risk Management “from Farm to
Fork™,

Raufu, I. A., Lawan, H. Bello, A. Musa, J.
Ameh, and AmbaliA., 2014. Occurrence and
antimicrobial susceptibility profiles ofSalmo-
nellaserovars from fish in Maiduguri, sub-Sa-
harah, Nigeria. The Egyptian J. Aqua. Res.
40(1): 59-63.

Sanderson, K. E., Hessel, A. and Rudd, K. E.
(1995) ‘Genetic Map of Salmonellatyphimuri-
um, Edition VIITI’, 59(2), 241-303.

Sarter, S., 2007. °‘Antibiotic resistance in
Gram-negative bacteria isolated from farmed
catfish’, 18, 1391-1396.

. Setti, 1., A 2009. Characteristics and dynamics



25.

26.

27.

28.

Journal of Aquaculture Engineering and Fisheries Research,7(7): 1-9 (2021)
Journal abbreviation: J Aquacult Eng Fish Res

of Salmonella contamination along the coast of
Agadir, Morocco. Applied and Environmental
Microbiology, 75:7700-77009.

Soltan, M. M.2010. ‘Prevalence and antimicro-
bial resistance profiles of Salmonella serotypes,
Campylobacter and Yersinia spp. isolated from
retail chicken and beef, Tehran, Iran’, Food
Control. Elsevier Ltd, 21(4), 388-392.

Tacon, A.G., and MetianM., 2013. Fish mat-
ters: importance of aquatic foods in human Nu-
tritioz and global food supply. Rev. Fisheries
Sci. 21(1): 22-38.

Zhou M, Li X, Hou W, Wang H, Paoli GC and
Shi X (2019) Incidence and Characterization of
Salmonella Isolates From Raw Meat Products
Sold at Small Markets in Hubei Province, Chi-
na. Front. Microbiol. 10:2265. doi: 10.3389/
fmicb.2019.02265.

Zhang, J2015. Prevalence of antimicrobial re-
sistance of non-typhoidal Salmonella serovars
in retail aguaculture products. Internation-

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

al Journal of Food Microbiology, 210:47-52.
2015.

FAO,2014.

Delia G., 2015

Pouokam, 2017

Largen and spawls, 2010

Ambhara regional state agricultural office, 2017
CLSI, 2018

Nguyen et al.,2016

Esposto et al, 2007

Carvalho et al 2009

Abbas et al.,2008

Ethiopian Meteorology Agency, 2016

Mooijman, K. A., Pielaat, A. andKuijpers, A.
F. 2019. Validation of EN ISO 6579-1 -Micro-
biology of the food chain - Horizontal method
for the detection, enumeration and serotyping
of Salmonella - Part 1 detection of Salmonella
spp. Int J Food Microbiol, 288, 3- 12.



