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Abstract
This study was performed forisolation of Edwardesiella spp. From fresh water fish and molecular
identification of some virulence genesas the etiological agent of edwardsiellosis in many fish species. 50
Oreochromis niloticus and 50 Clarias gariepinus, were collected live from fish farms and markets
respectively, in Kafrelsheikh Governorate, Egypt. Isolates obtained from the internal organs of examined
fish subjected to bacteriological and biochemical identification. Some suspected isolates were confirmed
by conventional PCR and three virulence genes highly associated with the pathogenicity of the isolates
were identified. A total 21 isolateswere identified phenotypically as E. tarda from both fish species with
the higher isolation rate from O.niloticus than C. gariepinus. Eight isolates were identified genotypically
by fimA gene and were detected as three Edwardesiella species (37.5%) and these three isolates were
confirmed as E. tarda by using gyrB1 gene (100%). Regarding virulence genes, cds1 was indicated in
one out of the three isolates (33,3%), pvsA was in two isolates (66,7%) and edwI was absent (zero %) in
the three isolates. In conclusion, Presence of these genes render E. tarda highly pathogenic so rapid
control was required and fish handlers should take care to avoid infection as it has public health hazard.
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Introduction
The infectious diseases constituted a major constrain to aquaculture production with a
consequent effect on the economic development, the bacterial agents were among the highly
encountered causes of aquaculture diseases [1]. Edwardsiellosis was one of the most important
bacterial disease occuring in both freshwater and marine fish such as carp, tilapia, eel, catfish,
salmon, trout and flounder [2]. Edwardsiellatarda was the cause of septicemic disease with
high economic losses in infected fish. Furthermore, it has public health hazards in humans
including gastroenteritis, liver abscesses, meningitis, skin abscesses and valvular endocarditis
[3, 4]
. Edwardsiellatarda is a member of the enterobacteriaceae that infects fresh and marine
water fish species. The outer surface of this bacterium have different antigenic components
such as fimbriae and pilli that form different serovars and serotypes in different fish species [5].
Edwardsiellatarda virulence factors responsible for its pathogenicity includes stable
enterotoxin and hemolysins, dermatonecrotictoxin, chondroitinase activity, complementmediated resistance, hemagglutination mediated by nonfimbrialadhesins, and siderophore
production, invasive ability and a type III (T3SS) and type VI (T6SS) secretion of virulence
factors [6]. There were great differences in E. tarda biochemical characters specially Indole and
H2S tests [7]. In addition to, several biochemical variations among Edwardsiella spp. as
ornithine decarboxylase, citrate utilization, indole and hydrogen sulfide production, and
fermentation of mannitol and arabinose [8, 9]. So, PCR was the rapid and confirmative method
for diagnosis of Edwardsiellatarda [10]. Using the ED primer set targeted to the upstream
region of fimbrial geneconsiders rapid technique for the detection of fish infected with E.
ictaluri or E. tarda by PCR [11]. Moreover, the gyrB1 gene was a suitable phylogenetic marker
for the identification and classification of E. tardain diseased fish [12, 13].
The present work was carried out to determine the incidence of Edwardesiella spp. in some
fresh water fish species by bacteriological methods. In addition to molecular characterization
(PCR) of some virulence genes as a marker of pathogenicity.
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Materials and Methods
Fish Sampling
A total number of 100naturally diseased fish (50
Oreochchromisniloticus and 50 Clarias gariepinsus) were
collected from fish farms and fish markets respectively, of
different
weights
at
Kafrelsheikh
Governorate.
Oreochchromis niloticus were transferred live in an areated
plastic pags and C. gariepinsus to the laboratory of Animal
Health Research Institute, Kafrelsheikh branch, Eygpt
immediately and subjected to clinical examination according
to [14], post-mortem examination according to [15].
Bacteriological Examination
A-Isolation: Aseptically, samples from internal organs
(kidney, liver, spleen, intestine and gills) were inoculated in
Trypticase soya broth (TSB) (Oxoid, UK) and incubated at
30°C for 24 hrs. followed by inoculation on Xylose Lysine
Deoxycholate (XLD) agar (Lab M Limited, UK) according to
[16]
at 30°C for 24 hours. The suspected colonies were
carefully selected and subcultured on MacCkonkey agar (Lab
M Limited, UK) plates. All lactose non fermenting colonies
(pale colonies) were subcultured on Tryptic Soy Agar (TSA)
(Oxoid, UK.) plates for further identification.
B- Identification
I-Gram's staining forfilms of 24hrs cultures and motility
were performed [17].
II-Biochemical: Catalase, Oxidase, Indole, Methyl red (MR),
Voges- praskauer (VP), Citrate utilization, Urease, Hydrogen
sulphide production (H2S), Gelatin hydrolysis, Nitrate
reduction, Ornithine decarboxylase (ODC), Detection of Llysine
decarboxylase
(LDC),
Detection
of
Argininedihydrolase (ADH), Detection of β- galactosidase

(ONPG) and Fermentation of sugars were carried out
according to [18].
III-Molecular Identification of Edwardesiella SPP. And
Detection of Virulence Genes by PCR
The DNA from random phenotypically identified isolates was
extracted using QIA amp DNA mini Kit (Qiagen, Catalogue
no. 51304). Species specific primer (fimA and gyrB1) were
used. Primers were supplied from (Metabion, Germany). In
addition, three selected virulence genes; cds1, edwI, pvsA
genes, were investigated by conventional PCR. The primers
used for amplification of different genes and sizes of PCR
amplicons in the current study were listedin (Table1).
Edwardsiellatarda (ATCC® 15947™) was used as a quality
control strain, for other virulence genes Positive and negative
controls were represented by field sample that were
previously confirmed to be positive or negative by PCR for
the related genes in the Reference laboratory for veterinary
quality control on poultry production, Animal health research
institute, Egypt. For PCR amplification; primerswere
utilizedin a25 µl reactionscontaining 12.5µl of Emerald Amp
GT PCR master mix (Takara, Japan), 1 µl of each primer
(forward and reverse) of 20 pmol concentration, 4.5µl of PCR
grade water and 6µl of template DNA then the reaction was
performed in a T3 thermal cycler (Biometra) with primary
denaturation at 94°C for 5 min. followed by 35 cycles each
consisted of denaturation at 94°C for 30 sec., annealing
according to each primer pairs for 40 sec. (Table 1), extention
at 72°C for 45 sec. except pvs A and edwI were for 40 sec.
and final extention at 72°C for 10min. The products of PCR
were analyzed by electrophoresis on 1.5% agarose gel
(Applichem, Germany, GmbH) and gels were photographed
by Gel documentation system (Alpha Innotech, Biometra).

Table 1: primers used for PCR amplification of genes of Edwardesiella virulence associated genes and annealing temperature.
Primers sequence (5` →3`)
Size bpª
ºCᵇ
Reference
F: ACAGCCTGGAAGAGTCCTAC
[11]
fimA
848
55
R: TTGAGAGTCGCTGCTTAC
F: GCATGGAGACCTTCAGCAAT
[19]
gyrB1
415
50
R: GCGGAGATTTTGCTCTTCTT
F: TCTCCACCCATAATGCCACG
cds1
435
55
R: CAAACGGCGTCGTGTAGTCG
F:ATCCGCAGCATCGAATGGCT
[20]
edwI
360
55
R:GAAGGATAACGATGTGGTGT
F:CTGGAGCAGTACCTCGACGG
pvsA
313
55
R:CGATGCTGCGGTAGTTGATC
ªBase Pair of amplicon size, ᵇ Annealing Temperature, fimA: Edwardsiella speciesfimbrial gene, gyr B1: gyrase
gene as taxonomic marker for E. tarda, cds 1: chondroitinase, edw I: AHL-synthase; pvsA: vibrioferrin synthesis.
Target genes

Results
Clinical observation of naturally infected O. niloticus showed
scales detachment, cutaneous haemorrhagic lesions, ulcers,
gills erosion, exophthalmia and protruded hemorrhagic anus.

While as C. gariepinus showed cutaneous lesions including
skin discoloration, excessive mucous, hemorrhage and ulcer
(Figure1).
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A: Haemorragic patches all over the body, haemorragic protruded anus and exophthalmia.
B: Ulcer on abdomen and haemorrage at base of pectoral fin and skin.
C: Scale detachment and ulcer at the dorsal surface and caudal peduncle, haemorrhage on skin and fin.
D: C. gariepinus infected with E. tarda showing haemorragic patches, ulcers on ventral surface of abdomen; congestion of the
pectoral fin and all internal organs.
Fig 1: O. niloticus naturally infected with E. tarda showing:

Post mortem (p.m)finding:liver showed enlargement,
congested or pale coloration, withdistended gall bladder;
while kidney and spleen were congested and inflamed;

andabdomenal cavity wasfilled with ascetic fluidas well as
enlarged emphysematous intestine free from food, (Figure 2).

Fig 2: O. niloticus naturally infected with E. tardawas showing yellowish discoloration of the liver, distended gall bladder, distended intestine
empty from food, congested enlarged spleen with ascetic fluid in the abdomen.

The morphological characters of colonies on MacConkey agar
were pale colonies (non lactose fermenter) and on XLD agar
were small circular colonies ranging from 1mm to 3mm in
diameter with black centers, some without.
The isolates were motile and by Gram staining, Gram
negative rods to coccobacilli shaped bacteria appeared.
Biochemical results: Catalase, Indole, MR, ODC, Nitrate
reduction and LDC were positive but Oxidase, VP, Citrate

utilization, Urease, Gelatin hydrolysis, ADH, ONPG and
sugar fermentation were negative except (sucrose and
arabinose were variable). H2S was positive for11 isolates
however, it was negative in 10 isolates.
Based on phenotypic characters, out of 100 samples 21 E.
tarda isolates were preliminary identified with prevalence
21% (12 (24%) isolates from O. niloticus and 9 (18%) from
C. gariepinus) (Table 2).

Table 2: Showing prevalence of E. tarda isolation from O. niloticus and C. gariepinus.
Fish samples
O. niloticus
C. gariepinus
Total

No. of examined
50
50
100

The molecular characterization of random eight isolates, four
isolates from O. niloticus and another four from C. gariepinus
identified by fimA gene, resulted in three from the selected

No. of isolates
12
9
21

Prevalence (%)
24
18
21

eight isolates were positive Edwardesiella spp. (37.5%)
(Isolates No. 2, 6, 7from O. niloticus) (Figure3).
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Fig 3: A garose gel electrophoresis of PCR of fimA gene (848 bp) for characterization of Edwardesiella species. L: 100 bp ladder as molecular
size DNA marker. Pos and Neg: positive and negative control. Lanes 2, 6 and 7: Positive isolates for fimA gene. Lanes 1, 3, 4, 5 and 8: negative
isolates for fimA gene.

By using gyrB1 as a taxonomic marker for E. tarda, further
identification to the three positive isolates for fimA at the
species level were confirmed as E. tarda by (100%)
(Figure4).

Regarding to the virulence genes: cds1 gene was amplified in
isolate number 7 only (33,3%), pvsA gene was in isolates No.
2 and 7(66.7%) while edwI gene was negative in all (zero%)
(Figure4).

Fig 1: Agarose gel electrophoresis for virulence genes amplification in E. tarda isolates No. (2, 6 and 7). L: 100 bp ladder as molecular size
DNA marker; P and N: positive and negative control; E. tardagyr B: 2, 6 and 7 positive isolates at 415bp.; cds1: negative in 2 and 6 isolates,
isolate No.7 was positive to cds1 at 435bp. ; pvsA: positive for isolates No. 2 and 7 at 313bp, negative for isolate 6; edwI gene: negative for 2, 6
and 7 isolates.

Discussion
Edwardsiella species was the cause of mass mortality in a
considerable number of commercially important fish
populations worldwide that associated with major economic
losses [21]. Edwardsiellatarda was a heterogeneous species [22].
The clinical signs and p.m of examined fish were similar to
that recorded with [21, 23, 24] recorded similar clinical and p.m
signs in E. tarda infected cat fish that may be attributed to its
virulence factors including extracellular products particularly
haemolysine and adherence ability to the host surface by
fimberiae.
In this study, isolated Edwardesiella spp. were Gram negative
rods or coccobacilli, motile which grew well on XLD and
MacConkey agar. These results go hand with that recorded by
[25]
. The conventional biochemical results were similar to [7]
specially in H2S variable results [21]. reported variable H2S
and sugar fermentation results. The high prevalence rate of
E.tarda in this study, clearly its dangerous role in fish
diseases in Egypt. The result was higher than [26] which the

prevalence was (3.5%); [27] was (10.42%) but, the current
prevalence rate was lower than observed by [28] who reported
incidences of E. tarda in African cat fish and Nile tilapia at
50% and 34%, respectively [29]. Isolated similar colonies on
XLD and by conventional biochemical methods found 8
isolates of E. tarda; 4 from cat fish and 4 from tilapia with
prevalence rate 7.2% (8/111).
For the Edwardsiella species confirmation, fimA gene
amplification was performed and was positive for DNA
fragment at 848bp as obtained by [11]. The 3 isolates were
from O. niloticus but no amplification occurred with isolates
from C. gariepinus. Results ofgyrB1 gene at 415bp agree with
[12, 30]
but [31] employed strains did not generate any bands
during amplification.
The conventional biochemical tests yielded more isolates of
E. tarda than in molecular techniques that may propose the
high degree of variable phenotypes within bacterial species
which diminish the accuracy of biochemical identification [32].
Regarding the selected virulence genes in the genome of E.
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tarda strains isolated from O. niloticus, cds1 gene was
positive in isolate number 7 only but the results of [20] were
positive in all strains. cds1 gene encodes chondroitinase
activity that was the cause of hole in the head lesion in fish by
cartilage degradation during invasion [33], pvsA gene was
positive for isolate number 2 and 7. pvsA gene (vibrioferrin
synthesis) representing presence of siderophore-mediated
ferric uptake systems, supply E. tarda with replication and
survival advantages in the marine environment as well as in
iron-restricted host environments [20]. edwIgene was negative
in all isolates in the current study at the reverse amplified in
the strains according to [20], edwI gene encodedNacylhomoserinelactones
(AHL-synthase)
which
were
indicative for quorum sensing(QS) systems, especially in
Gram-negative bacteria [34]. The more virulent isolate was
number 7that was positive for pvsA and cds1 followed by
isolate number 2 which contained pvsA only. At the reverse,
the three selected virulence genes were absent in isolate
number 6, this mean it may be less virulent or involve other
virulence genes. Our results were suggesting a high degree of
genetic heterogeneity among O. niloticus isolates. Thus,
further studies on virulence and pathogenicity are required.
Conclusion
There were many virulent strains of Edwardesiella spp.
causing sever diseases that greatly affecting on the industry of
fish production due to fish mortality. Hence, rapid
intervention is required depending on rapid accurate diagnosis
by PCR to control spread of infection and avoid public health
hazard. The isolate No.7 was the most virulent one. The
siderophores related gene (pvsA) is important for both
multiplication and virulence of bacteria, this result may serve
as a very useful tool in the development of new antibacterial
agent against E. tarda infections.
References
1. Yunxia Q, Jianzhong S, Guoliang W. A review of
principal bacterial diseases of mariculture fish.
Transactions of Oceanology and Limnology. 2001; 2:7887.
2. Mohanty BR, Sahoo PK. Edwardsiellosis in fish: a brief
review. Biosci. J. 2007; 32:1331-1344.
3. Mizunoe S, Yamasaki T, Tokimatsu I, Matsunaga N,
Kushima H, Hashinaga K et al. A case of empyema
caused by Edwardsiellatarda. Infect. J. 2006; 53(6):e255e258.
4. Choresca Jr CH, Gomez DK, Shin SP, Kim JH, Han JE,
Jun JW et al. Molecular detection of Edwardsiellatarda
with gyrB gene isolated from pirarucu, Arapaima gigas
which is exhibited in an indoor private commercial
aquarium. Afr. Biotechnol. J. 2011; 10(5):848-850.
5. Dubey S, Mutoloki S, Evensen O, Munang'Andu HM.
Molecular characterization of Edwardsiellatarda from
different aquatic organisms using 16S ribosomal RNA
and the outer membrane protein A. Front. Vet. Sci.
Conference Abstract: AquaEpi I, 2016.
6. Garcia NV, Iregui C, Hirono I. Edwardsiellosis, common
and novel manifestations of the disease: A review.
RevistaColombiana de Ciencia Animal. 2012; 5(1):82-90.
7. Nemo N, Sisay T, Abayneh T. Isolation of
Edwardsiellatarda-like species and its frequency of
occurrence in freshwater fish harvested for human
consumption from Lake Hawassa and crater lakes around
Bishoftu, Ethiopia. Afr. J Fish. Sci. 2017; 5(6):260-266.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

~ 233 ~

Hawke JP. A bacterium associated with disease of pond
cultured channel catfish, Ictalurus punctatus. Fish. Res.
Board Can. J. 1979; 36(12):1508-1512.
Abayneh T, Colquhoun DJ, Sørum H. Edwardsiella
piscicida sp. nov. a novel species pathogenic to fish.
Journal of Applied Microbiology. 2013; 114(3):644-654.
El-Seedy FR, Radwan IA, AbdRl-Galil MA, Sayed HH.
Phenotypic and Genotypic characterization of
Edwardsiellatarda isolate from Oreochromisniloticus
and Clariasgariepinus at Sohag Governoate. J Am. Sci.
2015; 11(11):68-75.
Sakai T, Yuasa K, Sano M, Iida T. Identification of
Edwardsiellaictaluriand E. tarda by Species-Specific
Polymerase Chain Reaction Targeted to the Upstream
Region of the Fimbrial Gene. Aquat. Anim. Health J.
2009; 21(2):124-132.
Lan J, Zhang XH, Wang Y, Chen J, Han Y. Isolation of
an unusual strain of Edwardsiellatarda from turbot and
establish a PCR detection technique with the gyrB gene.
App. Microbiol. J. 2008; 105(3):644-651.
Reichley SR, Ware C, Steadman J, Gaunt PS, García JC,
LaFrentz BR et al. Comparative Phenotypic and
Genotypic Analysis of Edwardsiella Isolates from
Different Hosts and Geographic Origins, with Emphasis
on Isolates Formerly Classified as E. tarda, and
Evaluation of Diagnostic Methods. Clin. Microbiol. J
2017; 55(12):3466-3491.
Schaperclaus W, Kulow H, Schreckenbach K. Infectious
abdominal dropsy. In: Schaperclaus, W. (ed). Fish
Diseases. Berlin, Akademie Verlag, 1992; 1:401-458.
Austin B, Austin DA. Bacterial Fish Pathogens: Disease
in Farmed and Wild Fish. Ellis Horwood Limited,
England, 1987.
Quinn PJ, Carter ME, Markey B, Carter GR. Clinical
veterinary microbiology, International Limited Company
New York, NY, 1999, 48-617.
Cruickshank R, Duguid J, Marmion B, Swain RH.
Medical Microbiology. 12th Edition. Edinburg, London
and New York, 1975.
Kreig N, Holt J. Bergey's Manual of systemic
bacteriology. William and Wilkins, Baltimore, M.D.
21202, USA, 1984, 1.
Park B, Kwon K, Cha IS, Jang HB, Nho SW, Fagutao FF
et al. Development of a multiplex PCR assay to detect
Edwardsiellatarda, Streptococcus parauberis, and
Streptococcus
iniaein
olive
flounder
(Paralichthysolivaceus). J Vet. Sci.2014; 15(1):163-166.
Castro N, Osorio CR, Bujan N, Fuentes JC, Rodrıguez J,
Romero M et al. Insights into the virulence-related genes
of Edwardsiellatarda isolated from turbot in Europe:
genetic homogeneity and evidence for vibrioferrin
production. Fish Dis. J. 2016; 39(5):565-576.
Park SB, Aoki T, Jung TS. Pathogenesis of and strategies
for preventing Edwardsiellatarda infection in fish. Vet.
Res. 2012; 43(1):67.
Kumar G, Rathore G, Sengupta U, Singh V, Kapoor D,
Lakra WS. Isolation and characterization of outer
membrane proteins of Edwardsiellatarda and its
application in immunoassays. Aquaculture. 2007; 272(14):98-104.
Nagy E, Fadel A, Abd Al-Moghny F, Ibrahim MS.
Isolation,
Identification
and
Pathogenicity
Characterization of Edwardsiellatarda Isolated From
Oreochromisniloticus Fish Farms in Kafrelshiekh, Egypt.

International Journal of Fisheries and Aquatic Studies

http://www.fisheriesjournal.com

AJVS. 2018; 57(1):171-179.
24. Hashiem M, Abd El-Galil MAA. Studies on
Edwardsiellosis in ClariasGariepinus Fish at Sohag
Governorate. J Am. Sci. 2012; 8(4):438-444.
25. Kebede B, Habtamu T. Isolation and Identification of
Edwardsiellatarda from Lake Zeway and Langano,
Southern Oromia, Ethiopia. Fish. Aqua. J. 2016; 7:4.
26. Galal NF, Ismail SGM, KHalil RH, Soliman MK. Studies
on Edwardsiella Infection in Oreochromis Niloticus.
Egypt. Aquat. Res. J. 2005; 31(1):460-467.
27. Abdel-Latif HMR, Sedeek EK. Diversity of
Enterobacteriaceae retrieved from diseased cultured
Oreochromisniloticus. International Journal of Fisheries
and Aquatic Studies. 2017; 5(1):29-34.
28. Aly SM. A Review of Fish Diseases in the Egyptian
Aquaculture Sector. Working Report. CGIAR, 2013.
www.livestockfish.cgiar.org
29. Noantong M. Molecular characterization of Edwardsiella
species isolated from African catfish (Clariasgariepinus)
and Nile tilapia (Oreochromisniloticus) in Wakisodistrict,
Uganda. Doctoral dissertation, Sokoine University of
Agriculture, 2017.
30. EbiedSKhM,
Selim
HS.
Identification
of
Edwardsiellatarda isolated from tilapia (Oreochromis
Niloticus) by Polymerase Chain Reaction (PCR). The
effect of garlic oil and different antimicrobials on the
identified organism in vitro. Assiut Vet. Med. J. 2012;
58(135):50-59.
31. Castro N, Toranzo AE, Núñez S, Osorio CR, Magariños
B. Evaluation of four polymerase chain reaction primer
pairs for the detection of Edwardsiellatarda in turbot.
Dis. Aquat. Organ. 2010; 90(1):55-61.
32. Griffin MJ, Quiniou SM, Cody T, Tabuchi M, Ware C,
Cipriano RC et al. Comparative Analysis of Edwardsiella
Isolates from Fish in the Eastern United States Identifies
Two Distinct Genetic Taxa Amongst Organisms
Phenotypically Classified as E. tarda. Vet. Microbiol.
2013; 165(3-4):358-372.
33. Waltman WD, Shotts EB, Hsu TC. Biochemical
characteristics of Edwardsiellaictaluri. Appl. Environ.
Microbiol. 1986; 51(1):101-104.
34. Defoirdt T, Bossier P, Sorgeloos P, Verstraete W. The
impact of mutations in the quorum sensing systems of
Aeromonashydrophila,
Vibrio
anguillarum
and
Vibrioharveyi on their virulence towards gnotobiotically
cultured Artemiafranciscana. Environ. Microbiol. 2005;
7(8):1239-1247.

~ 234 ~

