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ABSTRACT
Nile tilapia (Oreochromis niloticus) production is ranked on the top of aquaculture fish in Egypt. This study was
aimed to screen bacteria associated with aquaculture fresh-water tilapia to determine the microbiological safety of
these wide distributed fish in Egypt. The mean viable bacterial count from fish fillets with the skin samples revealed
5.6 £0.8 logs CFU/g. A total of eleven (11) bacterial species were isolated and identified including: E. coli, E. coli
0157: H7, Salmonella enterica, Morganella morganii, Proteus mirabilis, Proteus vulgaris, Enterobacter cloacae,
Enterobacter cancerogenus, Hafnia alvei, Aeromonas hydrophila, Photobacterium damaselae. The frequency of
occurrences of the isolated bacteria indicated that Enterobacter cloacae had the highest frequency of occurrence
(12%), while one isolate (2%) of Salmonella enterica, E coli O157:H7, and Aeromonas hydrophila were detected.
These bacterial species are potentially pathogenic to humans. Therefore, hygienic handling methods and proper

processing are needed before consumption of this fish.
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Introduction

Aquaculture is considered one of the fastest growing aspects of
agricultural industry over the world. With increasing demand for
food fish and other seafood products, aquaculture has the potential
of becoming an important alternative supply of these products
(Lucas, 2003). Tilapia fish is widely grown farmed fish and is
considered the second most important group after carps. In 2004,
tilapia was ranked the eighth most popular among all seafood in
the USA global. Production of tilapia (all species) was estimated
1.5 million tons in 2003 and increased to 2.5 million tons by 2010.
Most of this enhanced production is expected to be attributed to
Nile tilapia. Egypt is the world’s second largest producer of farmed
tilapia after China [1]. Egypt has the largest aquaculture industry in
Africa that provides about 75.46 % of the country’s fish production
[2]. Nile tilapia production is ranked on the top of aquaculture fish
in Egypt, its production increased from 557,049 tons in 2010 to
768,752 in 2012 [3].

Major pathogens that are affecting the aquaculture include
bacteria, fungi, viruses, and parasites [4-6]. Bacterial diseases
have become major concern to aquaculture, especially with warm
water temperature [7]. Different bacterial species were reported
pathogenic to aquatic tilapia, including Aeromonas hydrophila,
Edwardsiella tarda, Flavobacterium columnare, Francisella spp.,
Yersinia ruckeri, Staphylococcus epidermidis, Vibrio vulnificus,
and Streptococcus agalactiae [8-16].

According to data from the Centers for Disease Control and
Prevention (CDC) [17] fish was linked to 24% of foodborne illness
outbreaks and 6% of all food poisoning, or foodborne illness. Level
of bacterial pathogens in tilapia fish was related to environment
and handling prior to their arrival to food market and restaurants.
Bacteria associated with tilapia fish could be transmitted to person
in contact and result in foodborne illness. For example, handling
tilapia was reported associated with Vibrio vulnificus outbreak in
Seattle supermarket [18]. Other foodborne pathogenic bacteria
including Salmonella enterica, enteropathogenic Escherichia coli,
Listeria monocytogenes, Yersinia enterocolitica, and Klebsiella
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pneumoniae were identified from fresh Nile tilapia in Kenyan
fresh water fish chains [19]. Shigatoxigenic and enteropathogenic
Escherichia coli were isolated from farmed tilapia fish
(Oreochromis niloticus) in northeast region of Sao Paulo state
[20]. Monitoring bacteria associated with aquaculture tilapia fish
of great importance to public health because they help understand
pathogen epidemiology in fish and demonstrate how they can
transmit food borne illness related to fish to humans. The aim
of this study was to screen bacteria associated with aquaculture
tilapia to determine the microbiological food safety of these wide
distributed fish in Egypt.

Materials and methods

A total of 50 healthy fresh water tilapia fish (Oreochromis
niloticus) were randomly selected from a commercial food fish
farms located in Suez, Egypt. All fish samples during collection
were placed in sterile polypropylene bags, placed in polystyrene
box containing crushed ice and the temperatures was between 4
°C and 6 °C during transportation. Ice was prepared in laboratory
using sterile distilled deionized water. Samples were transported to
the laboratory and examined immediately.

Bacteriological analysis

Fish samples were processed in complete aseptic condition. Fish
were filleted where skin part were kept with the flesh using sterile
knifes and forceps and placed on sterile tray. Samples (25 g) were
homogenized for 2 min. in a sterile bag containing 225 ml of
buffered peptone water (0.1%) (Lab M, UK) using a stomacher
(Seward Stomacher 400 circulator, UK). After incubation for 18-
24 h at 35 °C, 1 ml was transferred for further analysis from this
nonselective pre-enrichment.

Aerobic plate count

Serial dilution 1:10 folds were then performed for total aerobic
bacterial count. Dilutions were spread-plated onto plate count
agar (lab M, UK) and incubated at 35 £1°C overnight. Readings
obtained within 25 to 250 colonies on a plate were used to calculate
bacterial population numbers, and reported as logs of colony
forming units (CFU/g). Experiments were repeated and results
were represented as means + standard deviations.

Isolation and identification of bacteria

E.coli and E.coli O157: H7 were identified by transfer pre-
enrichment culture (I ml) to Escherichia coli selective broth
supplemented with novobiocin (EC+n) [21]. A loopful of culture
was streaked onto a chromogenic selective agar (Lab M, Lancashire,
UK), and sorbitol MacConkey agar (SMAC, Lab M, Lancashire,
UK). Violet-colored colonies will be selected on the chromogenic
selective agar. Non-sorbitol fermenting E. coli O157:H7 produce
pale, colourless colonies will be selected from SMAC [22]. Suspect
colonies are identified biochemically with indole kovac’s reagent
(Merck, Germany), Simmon citrate agar (Lab M, UK), Methyle
red (MR, Lab M, UK), and Voges—Proskauer (VP, Lab M, UK)
tests. Species were identification according to FDA bacteriological
analytical manual (US-FDA, 2007). Further identification was
done using API 20E diagnostic strips (Biomérieu, Marcy, France).

E. coli O157:H7 confirmed serologically using O157 and H7
antisera by direct agglutination tests.

Pre-enrichment culture (1 ml) were transferred into tetrathionate
broth (TT, Lab M, UK) and incubated at 37°C for 24 h for
Salmonella spp. isolation and identification. Culture were streaked
onto Xylose lysine deoxycholate agar (XLD, Lab M, UK) and
incubated at 37°C for 24 h. Red colonies with black center from
XLD media were selected and streaked on trypticase soy agar
slants (TSA, Lab M, UK). After incubation bacteria were subjected
to biochemical tests: indole, citrate, triple sugar iron (TSI, Lab
M, UK), urease (Lab M, UK), and identification with API 20E
diagnostic strips as described in published reports (Food and Drug
Administration, [18,23,24].

Colonies of different characteristics of shape, size, and color
were selected randomly from plate count agar and incubated on
additional Trypticase soy agar (TSA, Lab M, UK) slants. All
the purified isolates were observed for Gram staining and cell
morphology. The isolates were then identified biochemically with
indole kovac’s reagent, Simmon citrate agar, MR, VP tests, triple
sugar iron (TSI, Lab M, UK), and H2S production for identification
to genus or species level in parallel, the commercial API 20E strips
were also used [25].

Identification by PCR and 16S rRNA gene sequencing
Randomly selected samples were used for this technique either
for confirmation of API results or for identification of unknown
samples. The technique was performed according to Azwail
et al. [26]. DNA extraction was done using bacterial DNA
preparation kit (Jena Bioscience, Thuringia, Germany). Partial
16S rDNA was amplified using the universal oligonucleotides
primers forward 5'-GAGTTTGATCCTGGCTTAG-3' and reverse
5'-GGTTACCTTGTTACGACTT-3". Briefly, 2 ul DNA templates
(20 ng/ pl) was added to 12.5 ul Master Mix (Qiagen, Hilden,
Germany) and 10.5 pl deionized H20 for a total volume of 25 pl.
The mixture was then amplified in a DNA Thermal Cycler (Techne
Progene, Marshall Scientific, Hampton, NH) using the following
program: one denaturation step at 94°C for 5 min; 37 cycles (30s
at 94°C, 30s at 51°C, and 30s at 72°C); and a final extension for 5
min at 72°C. Gel analysis of the PCR products were performed by
gel electrophoresis using 1.5% Agarose gel with 1X Tris-acetate-
EDTA (TAE) buffer.

DNA Sequencing

QIA-quick Kit (Qiagen, Hilden, Germany), was used for
purification of the PCR products. Second PCR was performed
using BigDye Terminator v3.1 Cycle Sequencing Kit. Each
reaction (20 pL) contained a terminator ready reaction mix (8
pL), Primer (3.2 pmol), DNA template quantized according to the
PCR product size, and deionized water. Thermal profile for Cycle
Sequencing PCR was 1 min at 96°C; 25°C cycles as follows: 10 s
at 96°C, 5 s at 50°C, and 4 min at 60°C. After an additional step of
purification with CENTRI-SEP Columns (Princeton Separations,
Freehold, NJ), DNA sequencing was carried out by 3500 Genetic
Analyzer (Applied Biosystems, Massachusetts, USA). The
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obtained consensus sequences were subjected to BLAST search
through the Mega program (7.0.20) [27,28].

Results and Discussion

Quantitative estimation of aerobic bacteria in tilapia fish samples
were estimated 5.6 + 0.8 logs CFU/g. The total aerobic count
were within the acceptable limits compared to the Egyptian
Organization for Standardization, EOS (<10° CFU/g, EOS, 2005).
Still, the bacterial load in all samples was high and one of the
reasons may be that the high temperature as fish were collected in
summer where temperature range from 30-35°C. This temperature
was reflected on the water environment to be close to optimum for
many mesophilic bacteria, and increase the bacterial load in fish
[29]. In agreement with this results, tilapia (Oreochromis niloticus)
were reported associated with high total bacterial count isolated
from fish surface coming from the northern region of Costa Rica,
and up to 27.3 x 10® CFU/g sold at Sokoto Central Market in
Sokoto, Nigeria [30,31] reported even higher bacterial load (5.5 x
10° CFU/g) of tilapia fish than this study. The high bacterial count
on the skin might be due to contamination by original aquatic
species as well as commodity contamination during handling.

E.coli isolates (4/50, 8%) has been recovered from this study, and
only one isolate (1/50, 2%) was identified as E. coli O157:H7
(Figure 1). E. coli O157:H7 was isolated and identified as gram
negative sorbitol non fermenting colonies on SMAC plates.
Isolates were confirmed by biochemical tests listed in table 1,
and by using serological agglutination test against O157, and
H7 specific antisera. For further confirmation, E.coli isolate was
identified by PCR and 16S rDNA gene sequencing. The nucleotide
sequence of Escherichia coli O157: H7 Ras4 has been submitted to
the GenBank with accession number KY 120324, and represented
in a phylogenic tree in Figure 2. E.coli O157:H7 is not commonly
reported associated with fish and seafood. E. coli were isolated
in 414/484 finfish samples in India but typical E. coli O157 was
absent, however MUG and sorbitol-negative strains were reported.
Thampuran et al [32] concluded that, this result might suggest the
existence of the strain. On the other hand, Surendraraj et al. [33]
recovered E. coli O157:H7 from shellfish in seafood markets in
India. Seven standard E. coli O157:H7 were identified and one
shrimp sample was positive for 3 virulence markers. Another
study conducted on Nile tilapia (Oreochromis niloticus) fish
skin, gastrointestinal tract, and muscles from pay-to-fish ponds
located in at the Corrego Rico watershed in Sao Paulo, Brazil
isolates. Eight from 96 totals E. coli isolates (6.95%) from the fish
gastrointestinal tract contained O157 gene, but E. coli O157 was
not reported on fish skin [34]. Shiga toxin-producing Escherichia
coli (STEC) 0157 were reported recovered from processed salmon
roe which had been a suspected food item in sporadic infections
occurred in Japan, 1998 [35].

Wang and Doyle [36] reported that E. coli O157 can survive in
water for several weeks. Therefore, faecal contamination of water
sources or aquaculture environments by E. coli O157 can act as a
vehicle of transmission of diarrheagenic enteric infections. Water
supplies were reported contaminated by E. coli O157 in Brazil and

Scotland [37,38]. This may suggests that fish contamination may
originate from bovine faeces, probably from the surrounding to
aquaculture water. E. coli bacteria that can cause human diseases
do not cause losses in aquaculture production. Therefore, fish
farmers not feel the need to apply appropriate health control
measures to ensure product quality. However, infected fish used as
a food source can serve as means of transmission of these agents
to humans. Therefore, good hygienic handling measures and
proper processing are needed before consumption of fish products.
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Figure 1: Number of occurrence of bacteria isolated from fresh-water
acquaculture tilapia (Oreochromis niloticus) fish.
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Figure 2: Phylogenic tree represented sequenced Escherichia coli O157:
H7 Ras4 (GenBank accession number KY120324).

Salmonella spp. (1/50, 2%) was isolated and identified in this study
(Figure 1). Isolates were gram negative black centered colonies
on XLD media. Selected colonies were tested by indole, citrate,
MR, VP, urease, and TSI biochemical tests and identified with API
20E as Salmonella enterica as listed in table 1. Salmonella causes
foodborne illness associated with dehydration, reactive arthritis,
septicemia, and can lead to death [39]. Therefore, Food safety
standards have demanded the absence of Salmonella in chilled fresh
fish [40]. Salmonella could be introduced to the aquatic system
through many ways such as poor sanitation, inappropriate disposal
of human and animal wastes [41]. The presence of Salmonella
enterica in the present study suggested the existence of poor
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hygienic measures and better control and monitoring is required.

Ellermeier and Slauch [42] revealed that cold-blooded animals
such as tilapia by themselves are potential hosts for Salmonella
species. Salmonella have been reported associated with tilapia
fish in several studies. Different Salmonella serovars (S.
Corvallis, S. Bovis-mobificans, S. Agona, S. Mikawashima, and S.
Typhimurium) were isolated from tilapia (14/32, 43.8%) obtained
from wet markets in Malaysia [43]. Salmonella spp. were found in
fish mucus (20.0%) of a total of 20 tilapia. Salmonella spp. were
reported in raw retail frozen imported fresh-water tilapia fish to
eastern province of Saudi Arabia 64% (16/25) from Thailand, and
28% (14/50) from India [44]. Similar results to this study were
revealed with fresh tilapia fish (Oreochromis niloticus) in Sokoto,
Nigeria. Salmonella spp. Showed the least frequency of occurrence
(1/31, 3.22%) [45].

Several bacteria isolated in this study have the potential of
histamine formation. These bacteria include Morganella morganii
(4/50, 8%), Proteus mirabilis (5/50, 10%), Proteus vulgaris
(3/50, 6%), Hafnia alvei (4/50, 8%), Aeromonas hydrophila
(1/50, 2%), Photobacterium damaselae (4/50, 8%), Enterobacter
cloacae (6/50, 12%), and Enterobacter cancerogenus (5/50, 10%)
(Figurel). All isolates were confirmed by biochemical tests listed
in table 1, and for further confirmation, Morganella morganii
isolate was identified by PCR and 16S rDNA gene sequencing.
The nucleotide sequence of Morganella morganii Rasl has been
submitted to the GenBank with accession number (KY120325),
and represented in a phylogenic tree in Figure 3. Same confirmation
was done with Proteus mirabilis isolate, as it was identified by
PCR and 16S rDNA gene sequencing. The nucleotide sequence of
Proteus mirabilis Ras2 has been submitted to the GenBank with
accession number (KY120326), and represented in a phylogenic
tree in Figure 4.
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Figure 3: Phylogenic tree represented sequenced Morganella morganii
Rasl (GenBank accession number K'Y 120325).

Histamine production is associated with scombroid poisoning, and
its toxicity is enhanced by the presence of other biogenic amines
in foods. Histamine is formed by decarboxylation of histidine,
which is found at high levels in muscles of fish belonging to the
Scombroidae family [46,47]. It generally results from proliferation
of histamine producing bacteria, which possess histidine

decarboxylase. Enterobacteriaceae has been reported to be the most
important histamine-producing bacteria in fish [48]. M. morganii,
Proteus app., and Hafnia alvei are considered proliferating
histamine forming bacteria and the quantity of histamine produced
is varied among species [49-52] reported Photobacterium spp. and
Aeromonas spp. as histamine producers. Tilapia did not belong to
the Scombroidae family, but all food rich in protein are susceptible
for histamine and other biogenic amines formation when desirable
conditions are present for the microorganism [53]. Histamine
was estimated in 52 tilapia fish in Bahir Dar town, Ethiopia.
Mean level of histamine detected was between 3.8-290 mg/100 g,
which exceed the accepted limit of histamine established by EU
regulation and could cause histamine toxicity [54].

Protens mirabils Ras2

Protens mirabilis strain HI4320 NR 0748981
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Figure 4: Phylogenic tree represented sequenced Proteus mirabilis Ras2
(GenBank accession number KY 120326).

Bacteria isolated in this study associated with different
complications that might affect the public health. P. mirabilis
becomes an opportunistic pathogen where it causes urinary
tract infections and other types of nosocomial infections [55].
Hafnia alvei reported associated with persistent septicemia [56].
According to Kirov [57,58]. Aeromonas spp. are pathogens
which can cause bacteraemia, meningitis, pulmonary and wound
infections. It might cause ‘“summer-diarrthoea”, which is a
worldwide problem in children under five years old, the elderly,
and travellers. Photobacterium damaselae was associated with
infection after digestion of raw seafood, and urinary tract infection
after exposure to contaminated water [59]. It was diagnosed with
septicemia and hepatic dysfunction in a cirrhotic patient after
ingestion of seafood [60]. Photobacterium damsel isolation from
cultured fish with high economic value has made the bacterium as
concern in aquaculture industry. Abdel-Aziz et al [61] identified
Photobacterium damsel during mass mortalities of cultured
seabream and European seabass in Egypt. Enterobacter cloacae
are gram negative bacteria, can cause wound, respiratory and
urinary tract infections. It is considered major human pathogen
responsible for large outbreaks of nosocomial disease [62,63].
Enterobacter cancerogenus was associated with septicemia and
wound infection especially with persons exposed to the organism
during traumatic events [64].
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Morganella | Proteus | Proteus | E. Salmonella | Enterobacter | Enterobacter | Hafnia | Aeromonas | Photobacterium
morganii | mirabilis | vulgaris | coli enterica cloacae cancerogenus | alvei | hydrophila damaselae

ONPG - - B + + + + + + -
Arginine dihydrolase - - - + + - - + +
Lysine decarboxylase - - - + - - + + _
Ornithine decarboxylase + + - - + - -
Citrate - + - - + + + - -
H2S - + + - + - - - -
Urease + + + - + - - - +
TDA + + + - - - - -
Indole + - + + + - - - -
Voges-Proskauer + - - - + + + + ~
Gelatinase - + - - - R + R
glucose + + + + + + + +
Mannitol + - - + + + + + _
Inositol - - - - - - - -
Sorbitol - - - + + + - - -
;: (f:i Rhamnose - - + + + + + - -
sucrose - - + + + - + -
Melibiose - - - + + + - - -
Amylose - - - - + + - - -
arabinose - - - + + + + - -

Table 1: Biochemical test results of different isolated bacteria using API 20E diagnostic strips.

In conclusion, this research has indicated that the bacterial species
associated with fresh aquaculture Tilapia fish and has shown that
they are potentially pathogenic to humans. Therefore, adequate
measures should be taken in handling and processing this wide
distributed fish before consumption.

References

1.

FAO. The state of world fisheries and aquaculture. FAO
Fisheries department, fisheries information, data and statistics
unit, Rome. 2019.

GAFRD. The general authority for fishery resources
development: fisheries statistics year book 2012. Cairo,
Egypt. 2013.

CAPMAS, Egypt in figures report. Central Agency for Public
Mobilization and Statistics. Cairo, Egypt. 2014,

Ramaiah N. A review on fungal diseases of algae, marine
fishes, shrimps and corals. Indian Journal of Marine Sciences.
2006; 35: 380-387.

Guo FC, Woo PT. Selected parasitosis in cultured and wild
fish. Veterinary Parasitology. 2009; 163: 207-216.
Vega-Heredia S, Mendoza-Cano F, Sanchez-Paz A. The
infectious hypodermal and haematopoietic necrosis virus: a
brief review of what we do and do not know. Transboundary
and Emerging Diseases. 2012; 59: 95-105.

Reddy TV, Ravindranath K, Sreeraman PK, et al. Aeromonas
salmonicida associated with mass mortality of Cyprinus carpio
and Oreochromis mossambicus in a freshwater reservoir in
Andhra Pradesh, India. Journal of Aquaculture in the Tropics.
1994; 9: 259-268.

8.

10.

11.

12.

13.

14.

15.

Huang S, Chen W, Shei M, et al. Studies on epizootiology
and pathogenicity of Staphylococcus epidermidis in Tilapia
Oreochromis spp. cultured in Taiwan. Zoological Studies.
1999; 38:178-188.

Chen CY, Wooster GA, Bowser PR. Comparative blood
chemistry and histopathology of tilapia infected with Vibrio
vulnificus or Streptococcus iniae or exposed to carbon
tetrachloride, gentamicin, or copper sulfate. Aquaculture.
2004; 239: 421-443.

Jime” nez AP, Iregui CA, Figueroa J. In vitro/in vivo
characterization and evaluation of Aeromonas hydrophila
lipopolysacharides (LPS). Acta Biologica Colombiana. 2008;
13: 147-162.

Eissa AE, Moustafa M, Abdelaziz M, et al. Yersinia ruckeri
infection in cultured Nile tilapia, Oreochromis niloticus, at a
semi-intensive fish farm in lower Egypt. African Journal of
Aquatic Science. 2008; 33: 283-286.

Jeffery KR, Stone D, Feist SW, et al. An outbreak of disease
caused by Francisella sp. in Nile tilapia Oreochromis niloticus
at a recirculation fish farm in the UK. Diseases of Aquatic
Organisms. 2010; 91:161-165.

Mohamed SG, Saleh WD. Flavobacterium columnare
infection in cultured Oreochromis niloticus. Assiut Veterinary
Medical Journal. 2010; 56: 15-30.

Ye X, LiJ, Lu M, et al. Identification and molecular typing of
Streptococcus agalactiae isolated from pond-cultured tilapia
in China. Fisheries Science. 2011; 77: 623-632.

Iregui CA, Guari'n M, Tibata” VM, et al. Novel brain lesions
caused by Edwardsiella tarda in a red tilapia Oreochromis spp.
Journal of Veterinary Diagnostic Investigation. 2012; 24: 446-

Food Sci Nutr Res, 2019

Volume 2 | Issue 1 | 5 of 7



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

449,

Zhang Z, Lan J, LiY, et al. The pathogenic and antimicrobial
characteristics of an emerging Streptococcus agalactiac
serotype IX in Tilapia. Microbial Pathogenesis. 2018; 122:
39-45.

CDC. Surveillance for Foodborne Disease Outbreaks United
States Annual Report. GA, USA. 2013.

Food poisoning bulletin (FPB). Vibrio Outbreak Associated
with Tilapia From Seattle Supermarket. 2017.

Onjong HA, Ngayo MO, Mwaniki M, et al. Microbiological
Safety of Fresh Tilapia Oreochromis niloticus from Kenyan
Fresh Water Fish Value Chains. Journal of Food Protection.
2018; 81: 1973-1981.

Cardozo MV, Borges CA, Beraldo LG, et al. Shigatoxigenic
and atypical enteropathogenic Escherichia coli in fish for
human consumption. Brazilian Journal of Microbiology.
2018; 49: 936-941.

Hara-Kudo Y, Onoue Y, Konuma H, Nakagawa H, Kumagai
S. Comparison of enrichment procedures for isolation of
Escherichia coli O157:H7 from ground beef and radish
sprouts. International Journal of Food Microbiology. 1999;
50: 211-214.

Farmer J. and Davis B. H7 antiserum-sorbitol fermentation
medium for detecting Escherichia coli O157:H7 associated
with haemorrhagic colitis. Journal of Clinical Microbiology.
1985; 22: 620-625.

Di Pinto A, GiuseppinaC, Rita DC, et al. Detection of
pathogenic Vibrio parahaemolyticus in southern Italian
shellfish. Food Control. 2008; 19: 1037-1041.

Elhadi N. Prevalence and antimicrobial resistance of
Salmonella spp. in raw retail frozen imported freshwater fish
to Eastern Province of Saudi Arabia. Asian Pacific Journal of
Tropical Biomedicine. 2014; 4: 234-238.

Al-Harbi A, Uddin N. Bacterial diversity of tilapia
Oreochromis niloticus cultured in brackish water in Saudi
Arabia. Journal of Aquaculture. 2005; 250: 566-572.

Azwai SM, Alfallani EA, Abolghait SK, et al. Isolation and
molecular identification of Vibrios by sequencing of 16S
rDNA from seafood, meat and meat products in Libya. Open
Veterinary Journal. 2016; 6: 36-43.

Ahmed OM, Amin HF. Detection and Survival of Vibrio
Species in Shrimp Penacus indicus and Mussel Mytilus
galloprovincialis at Landing and after Processing at Seafood
Markets in Suez, Egypt. Journal of food and dairy science.
2018;9:411-417.

Fernandes CF, Flick GJ, Sivia JL, et al. Influence of
processing schemes on indicative bacteria and quality of fresh
aquacultured cat fish filts. Aquaculture. 1997; 60: 54-58.
Morales G, Blanco L, Arias ML, et al. Bacteriological
evaluation of fresh tilapia Oreochromis niloticus coming from
the northern region of Costa Rica. Archivos Latinoamericanos
de Nutricion. 2004; 54: 433-437.

Shinkafi SA, Ukwaja VC. Bacteria Associated with Fresh
Tilapia Fish Oreochromis niloticus Sold At Sokoto Central
Market in Sokoto, Nigeria. Nigerian Journal of Basic and
Applied Science. 2010; 18: 217-221.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Chowdhury MB, Munirzzaman M, Uddin MN. Study on the
intestinal bacterial flora of Tilapia Oreochromis niloticus.
Bangladesh aquaculture. 1989; 11:65-70.

Thampuran N, Surendraraj A, Surendran PK. Prevalence and
characterization of typical and atypical Escherichia coli from
fish sold at retail in Cochin, India. J Food Protection. 2005;
68: 2208-2211.

Surendraraj A, Thampuran N, Joseph TC. Molecular screening,
isolation, and characterization of enterohemorrhagic
Escherichia coli O157:H7 from retail shrimp. Journal of Food
Protection. 2010; 73: 97-103.

Ribeiro LF, Barbosa MM, de Rezende Pinto F, et al. Shiga
toxigenic and enteropathogenic Escherichia coli in water and
fish from pay-to-fish ponds. Letter of Applied Microbiology.
2016; 62: 216-220.

Asai Y, Murase T, Osawa R, et al. Isolation of Shiga toxin-
producing Escherichia coli O157:H7 from processed
salmon roe associated with the outbreaks in Japan, 1998,
and a molecular typing of the isolates by pulsed-field gel
electrophoresis. Kansenshogaku Zasshi. 1999; 73: 20-24.
Wang G, Doyle MP. Survival of enterohemorrhagic Escherichia
coli O157:H7 in water. Journal of Food Protection. 1998; 61:
662-667.

Licence K, Oates KR, Synge BA, et al. An outbreak of
Escherichia coli O157 infection with evidence of spread from
animals to man through contamination of a private water
supply. Epidemiology and Infection 2001; 126: 135-138.

Orsi RH, Stoppe NC, Sato MIZ, et al. Genetic variability
and pathogenicity potential of Escherichia coli isolated from
recreational water reservoirs. Research in Microbiology.
2007; 158: 420-427.

Martinez-Urtaza J, Liebana E. Use of pulsed-field gel
electrophoresis to characterize the genetic diversity and clonal
persistence of Salmonella Senftenberg in mussel processing
facilities. International Journal of Food Microbiology. 2005;
105: 153-163.

Egyptian Organization for Standardization and Quality
Control, E.O.S. Bacteriological standardization for chilled
fish. Ministry of Industry and Technological Development,
Egypt. 2005; 3494.

Amagliani, G, Brandi, G, Schiavano, et al. Incidence and role
of Salmonella in seafood safety. Food Research International.
2012; 45: 780-788.

Ellermeier CD, Slauch JM. The Genus Salmonella, In:
Dworkin, M., Falkow, S., Rosenberg, E., Schleifer, K.-H.,
Stackebrandt, E. (Eds.), The prokaryotes, 3rd ed. Springer,
New York, 2006; 123—-158.

Budiati T, Rusul G, Wan-Abdullah WN, et al. Prevalence,
antibiotic resistance, and plasmid profiling of salmonella in
catfish Clarias gariepinus and tilapia Tilapia mossambica
obtained from wet markets and ponds in Malaysia. Aquaculture
journal. 2013; 372: 127-132

Elhadi N. Prevalence and antimicrobial resistance of
Salmonella spp. in raw retail frozen imported freshwater fish
to Eastern Province of Saudi Arabia. Asian Pacific Journal of
Tropical Biomedicine. 2014; 4: 234-238.

Food Sci Nutr Res, 2019

Volume 2 | Issue 1 | 6 of 7



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Shinkafi SA, Ukwaja VC. Bacteria Associated with Fresh
Tilapia Fish Oreochromis niloticus Sold At Sokoto Central
Market in Sokoto, Nigeria. Nigerian Journal of Basic and
Applied Science. 2010; 18: 217-221.

Kim SH, Ben-Gigerey B, Barros-Vela'squez J, et al. Histamine
and biogenic amine production by Morganella morganii
isolated from temperature-abused albacore. Journal of Food
Protection. 2000; 63: 244-251.

Kim SH, Price RJ, Morrissey MT, et al. Histamine Production
by Morganella morganii inMackerel, Albacore, Mahi-mabhi,
and Salmonat Various Storage Temperatures. Journal of food
science. 2002; 67: 1522-1528.

Lo pez-Sabater E 1, Rodri"guez-Jerez JJ, Herna'dez-Herrero
M, et al. Evaluation of histidine decarboxylase activity of
bacteria isolated from sardine Sardina pilchardus by an
enzymatic method. Letters of Applied Microbiology. 1994;
19: 70-75.

Ahmed OM. Histamine and Other Biogenic Amines
Formation in Canned Tuna Fish Inoculated with Morganella
Morganii or Proteus Mirabilis in Determining Food Safety
During Temperature Abuse. Nutrition and Food Toxicology.
2019; 3: 690-700.

Ozogul F. Production of biogenic amines by Morganella
morganii, Klebsiella pneumoniae and Hafnia alvei using a
rapid HPLC method. Europian Food Research and Technology.
2004; 219: 465-469.

Okuzumi M A, Hiraishi T, Kobayashi, et al . Photobacterium
histaminum sp. nov., a histamine-producing marine bacterium.
International Journal of Systematic Bacteriology. 1994; 44:
631-636.

Hu Y, Huang Z, Chen X. Histamine-producing bacteria in
blue scad Decapterus maruadsi and their abilities to produce
histamine and other biogenic amines. World Journal of
Microbiology and Biotechnology. 2014; 30: 2213-2221.
Lehane L, Olley J. Histamine fish poisoning revisited.
International Journal of Food Microbiology. 2000; 58: 1-37.
BerjiaFL, Brimer L. Determination of Histamine in Freshwater
Fish Using ELISA Method: A Food Safety Concern. American-

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Eurasian Journal of Toxicological Sciences. 2013; 5: 94-96.
Chen CY, Chen YH, Lu PL, et al. Proteus mirabilis urinary tract
infection and bacteremia: Risk factors, clinical presentation,
and outcomes. Journal of Microbiology, Immunology and
Infection. 2012; 45: 228-236.

Englund GW. Persistent Septicemia Due to Hafnia Alvei:
Report of a Case. American Journal of Clinical Pathology.
1969; 51: 717-719.

Kirov S M. The public health significance of Aeromonas spp.
in foods. International Journal of Food Microbiology. 1993;
20: 179-198.

Vila J, Ruiz J, Gallardo F, et al. Aeromonas and traveler’s
diarrhea: clinical features and antimicrobial resistance.
Emerengcy and Infectious Disease. 2003; 9: 552-555.
AlvarezJR,Lamba S, DyerKY, etal. An unusual case of urinary
tract infection in a pregnant woman with Photobacterium
damselae. Infectious Diseases in Obstetrics and Gynecology.
2006; 80682: 1-3.

Kim HR, Kim JW, Lee MK, et al. Septicemia progressing
to fatal hepatic dysfunction in a cirrhotic patient after
oral ingestion of Photobacterium damsela: a case report.
Epidemiology and Infection. 2009; 37: 555-556.

Abdel-Aziz M, Eissa AE, Hanna M, et al. Identifying some
pathogenic Vibrio/Photobacterium species during mass
mortalities of cultured Gilthead seabream Sparus aurata and
European seabass Dicentrarchus labrax from some Egyptian
coastal provinces. International Journal of Veterinary Science
Medicine. 2013; 1: 87-95.

Mezzatesta ML, Gona F, Stefani S. Enterobacter cloacae
complex: clinical impact and emerging antibiotic resistance.
Future Microbiology. 2012; 7: 887-902.

Davin-Regli A, Pagés AM. Enterobacter aerogenes and
Enterobacter cloacae; versatile bacterial pathogens confronting
antibiotic treatment. Frontiers in Microbiology. 2015; 6: 392.
Abbott SL, Janda JM. Enterobacter cancerogenus Enterobacter
taylorae Infections Associated with Severe Trauma or Crush
Injuries. Microbiology and infectious disease. 1996; 107:
359-361.

© 2019 Omaima M. Ahmed. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License

Food Sci Nutr Res, 2019

Volume 2 | Issue 1| 7 of 7



