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ARTICLE INFO ABSTRACT

Keywords Frequent use of antimicrobial agents may result in bacterial generation resistant to multiple
antibiotics that affect on public health hazard. Our Study aimed to isolation of Edwardsiella
species from fresh Oreochromis niloticus and Claris gariepinus (50 of each) which were
collected from fish farms and markets in Kafrelsheikh governorate. A total of 450 tissue
samples involving liver, kidney, spleen, intestine from both fish species and gills from O.
niloticus. Isolation and identification of the bacterial pathogens by traditional methods then
antibiotic sensitivity test and resistance gene were detected. Twenty-three isolates were
obtained and  distribution of Edwardsiella spp. among examined organs indicated that 9/100
(9%) isolates were detected from spleen, 6/100 (6%) from liver, 5/100 (5%) from intestine,
2/100 (2%) from kidney and 1/50 (2%)  from gills. The predominant species were E. tarda
so, 8 isolates were tested for 13antibiotic agents. The resistance was recorded in all 8 strains
for Amoxicillin and Flumox, in 7 from 8 strains for Ampicillin, 6 from 8 for Cefotaxime, in 2
from 8 for Oxytetracycline and Streptomycin. Resistance profile genotypically in 3 isolates
for β-lactamases (blaTEM, blaCTX) aminoglycosides (aada1) and tetracyclines (tetA(A))
genes were 100% in all isolates. In conclusion presence of antibacterial resistance indicates
misuse of antibacterial agents and affect on public health.

Beta lactamases

E. tarda

O. niloticus

Resistance genes.

Received 03/05/2020
Accepted 21/05/2020
Available On-Line
08/09/2020

1. INTRODUCTION
Edwardsiella species specially E. tarda and E. ictaluri are
common in fish, whereas E. hoshinae infection is usually
reported in reptiles and birds (Woo and Bruno, 2010).
Edwardsiella tarda is a Gram-negative bacterium in
Enterobacteriaceae family, intracellular pathogen, and
causes a hemorrhagic septicemia in fish called
Edwardsiellosis also infect amphibians, reptiles, birds and
mammals, including humans, throughout the world
(Mohanty and Sahoo, 2007). Edwardsiella. ictaluri was
the cause of enteric septicemia of catfish (ESC) in catfishes
and non- catfishes (Hassan et al., 2012). Edwardsiella.
ictaluri was differentiated biochemically from E. tarda by
positive production of hydrogen sulfide and indole from E.
tarda but negative for E. ictaluri and negative motility for
E. ictaluri at 37°C but motile at 25°C (Nagai et al., 2008).
The use of antibiotics in aquaculture and using of animal
wastes containing antibiotic residues to fertilize ponds in
fish farms have been associated with the development of
antibiotics resistance in fish pathogen ( sarter et al., 2007;
Sørum and Sunde, 2001 ). The close interaction between
the aquatic and terrestrial environment, the naturally
resistant bacteria widespread occurrence in soil and the

aquatic environment also contributed to the transfer of
antibiotic resistance genes to fish bacteria (Cantas et al.,
2013). So, the aquatic environment considered as a vehicle
for the dissemination of antibiotic resistant bacteria and
resistance genes (Marti et al., 2014). The gene encoding β-
lactamases that hydrolyse clinically important third
generation cephalosporins specially cefotaxime was
widespread in clinical and environmental
Enterobacteriaceae isolates (Jang et al., 2013).
Edwardsiella tarda was resistant to tetracyclines
(McPhearson et al., 1991) while, had acquired resistance to
almost antimicrobial agents (Xu and Zhang, 2014).
Antibiotic resistance represents one of the greatest current
threats to public health and is predicted to overcome cancer
as a cause of death by 2050 (WHO, 2002).
This work was aimed to determine antibiotic sensitivity and
antibiotic resistance gene identification of the most
prevalent bacterial isolates using conventional PCR.

2. MATERIAL AND METHODS
2.1 Fish sampling:
A total number of 100 fish of O. niloticus and C. garpienus

(50 of each) were collected from fish farms and markets in
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Kafrelsheikh governorate. 450 tissue specimens (100 liver,
100 spleen, 100 intestine,100 kidney and 50 gills) were
collected from the collected fishes. Samples were
transported directly in an aerated plastic bags to the
laboratory of the unit of Microbiology in animal health
research institute, Kafrelsheikh branch, Egypt.
2.2 Bacteriological examination
2.2.1 Isolation:
Aseptically, samples from kidney, liver, spleen, intestine
and gills were inoculated in tryptic soya broth (Oxoid, UK)
and incubated at 30°C for 24 hrs. followed by inoculation
on Salmonella-Shigella agar (SS agar; Oxoid CM0099)
incubated at 30°C for 24˗ 48 hrs. according to Lima et al.,
(2008). Colony morphology, culture and microscopic
characters were identified as previously described by
Muratori et al., (2001).
2.2.2 Biochemical characterization:
It was performed according to Kreig and Holt (1984) and
MacFaddin (2000).
2.3 Antimicrobial susceptibility test for E. tarda:
In vitro sensitivity test was done on random selected
isolates of E. tarda using disc diffusion method  according
the method carried out by Bauer et al. (1966) using
different antimicrobial agents: Amikacin (30 µg),
Gentamicin (10 µg), Trimethoprim/Sulfamethoxazole
(25µg), Amoxicillin (25µg), Chloramphenicol (30µg),
Ciprofloxacin (5µg), Flumox(10µg), Oxytetracycline
(30µg), Cefotaxime (30 µg), Spectinomycin (100µg),
Streptomycin (10µg), Colistin sulphate (10µg) and
Ampicillin (10µg). The diameter of inhibition zone was
measured and interpreted according to clinical and
laboratory standards institute (CLSI, 2016). Isolates
showed resistance to more than two different antibiotic
groups were multiple drug resistant (MDR) isolates.
Multiple Antibiotic Resistance (MAR) index for each strain
was identified according to Singh et al., (2010): MAR index
= No. of resistance (Isolates classified as intermediate were
considered sensitive for MAR index) / Total No. of tested
antibiotics
2.4 Detection of antibiotic resistance genes by polymerase
chain reaction
The DNA was extracted using QIAamp DNA mini Kit
(Catalogue no. 51304; Qiagen) from some phenotypically
identified isolates. Primers used for the detection of
antibiotic resistance associated genes to β-lactams (blaCTX,
blaTEM), tetracycline (tetA(A)) and aminoglycosides
(aada1) (Metabion, Germany) and annealing temperature
was in (Table 1). Amplified products were separated 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 Edwardsiella tarda resistance
associated genes and annealing temperature.
Gene Primers sequence (5`→3`) Amplified

product
Annealing
temp.

Reference

blaTEM ATCAGCAATAAACCAGC 516 bp 54˚C
40 sec

Colom et al.,
2003

CCCCGAAGAACGTTTTC
blaCTX ATG TGC AGY ACC AGT AAR GTK

ATG GC
593 bp

54˚C
40 sec

Archambault
et al., 2006

TGG GTR AAR TAR GTS ACC AGA
AYC AGC GG

aadA1 TATCAGAGGTAGTTGGCGTCAT 484 bp 54˚C
40 sec

Randall et al.
2004

GTTCCATAGCGTTAAGGTTTCATT

tetA(A) GGTTCACTCGAACGACGTCA 576 bp 50˚C
40 sec

CTGTCCGACAAGTTGCATGA

3. RESULTS
Isolation of Edwardesiella spp. from different organs
(spleen, liver, intestine, kidneys and gills) of O. niloticus
and C. garpienus gave small transparent colonies with

black center to predominantly black colonies and others
without. They were Gram negative motile short rods in
Gram staining.
The biochemical identification of the isolates as
summarized in table (2) E. ictaluri was differentiated from
E. tarda by negative indole reaction, weaker gas production
in carbohydrate media, negative H2S production.
Moreover, E. ictaluri failing to grow at 35°C and having
weaker motility, slower growth rate, and smaller colony
morphology.

Table 2 Biochemical tests for identification of Edwardsiella species
Test Edwardsiella

E. tarda E. ictaluri

Motility + + motile at 25°C, immotile at 37°C

Oxidase - -

Indole + -

Methyle red + +

Voges Proskuaer - -

Citrate utilization - -

Urease - -

H2S + (-ve in 10) -

Nitrate reduction - -

Gelatin liquefaction - -

ODC + +

LDC + +

Arginine dihydrolase - -

ONPG - -

Sugar fermentation
Lactose - -
Sucrose V -

Dulcitol - +

Salicin - -

Arabinose V -

Inositol - V

Xylose - -

ODC: Ornithine decarboxylase, LDC: L- lysine decarboxylase, ONPG: β- galactosidase.
+: positive, -: negative, V: variable

Results in table (3) revealed that the incidences of
Edwardesiella spp. in internal organs were high in spleen
(9%), liver (6%), intestine (5%) but low in kidneys (2%)
and gills (2%). The distribution of 23 Edwardesiella
isolates ( 21 E. tarda and 2 E. ictaluri) in 450 tissue
samples was three isolates from spleen, four from liver,
three from intestinal, one from kidney and one from gills
samples of O. niloticus for E. tarda while, was five from
spleen, one from liver, two from intestinal, one from
kidney samples of C. garpienus for E. tarda but, was one
from liver and one from spleen samples for E. ictaluri.

Table 3 Incidence of Edwardsiella species in the examined fish tissues
samples (n= 50 of each organ in each spp.)
Fish species Edwardesiella

isolates
Number of

isolates
% Sites of

isolation

O. niloticus E. tarda 3 6 Spleen

4 8 Liver

3 6 Intestine

1 2 Kidneys

1 2 Gills

C. gariepinus E. tarda 5 10 Spleen

1 2 Liver

2 4 Intestine

1 2 Kidneys

E. ictaluri 1 2 Liver

1 2 Spleen

Total 23
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Also, the antibiotic sensitivity of the isolates was
determined using the disc diffusion test, resistance
phenotypes of the eight isolates to 13 different antibiotics
were summarized in (Table 4). All isolates were resistant
against Amoxicillin and Flumox by (100%); Ampicillin

(87.5%); Cefotaxime (75%); streptomycin and
Oxytetracycline (25%); Colistine sulphate (12.5%). All
isolates were susceptible to Ciprofloxacin, Gentamycin,
Amikacin, Sulfamethoxazole- trimethoprim,
Spectinomycin and Chloramphenicol.

Table 4 Antimicrobial resistance of E. tarda (n=13)

Antimicrobial agent
1 2 3 4 5 6 7 8 R I S

No. % No. % No. %

Amoxicillin R R R R R R R R 8 100 - - - -

Amikacin S S S S S S S S - - - - 8 100

Sulphamethoxazol S S S S S S S S - - - - 8 100

Ampicillin R R R R R R R S 7 87.5 - - 1 12.5

Streptomycin I R S S S S R I 2 25 2 25 4 50

Cefotaxime R R R R R S R I 6 75 1 12.5 1 12.5

Chloramphenicol S S S S S S S S - - - - 8 100

Oxytetracycline S R S S S S R I 2 25 1 12.5 5 62.5

Spectinomycin S S S S S S S S - - - - 8 100

Gentamicin S S S S S S S S - - - - 8 100

Ciprofloxacin S S S S S S S S - - - - 8 100

Flumox R R R R R R R R 8 100 - - - -

Colistine sulphate I R S I I I I I 1 12.5 6 75 1 12.5

R: Resistant; I: Intermediate; S: Sensitive

MAR for each antibiotic were determined in (Table 5) as
the highest MAR was for isolate number two by 0.538 and
the lowest for isolate number eight by 0.154 with average
for all tested isolates 0.327.
Molecular detection of antibiotic resistance genes
illustrated that multiple resistances to more than antibiotics
were observed. Isolates number 2, 6 and 7 originating from
O. niloticus were subjected to PCR amplification targeting
the antimicrobial resistance determinants β-lactamase (bla
CTX, TEM), tetracycline resistance (tetA(A)) and
aminoglycosides (aada1). The three isolates were sharing
the resistance genes (100%) (Figure 1).

Table 5 Antibacterial resistance profile of Edwardsiella tarda strains (n=8).
NO. Key no. No. of resistant antibacterial MAR index

1 Kidney 13 4 0.308

2 Liver 46 7 0.538

3 Intestine 33 4 0.308

4 Spleen 27 4 0.308

5 Spleen 33 4 0.308

6 Kidney 23 3 0.308

7 Gills 17 6 0.462

8 Intestine 2 2 0.154

Average = 0.327

Figure 1: Agarose gel electrophoresis for antibiotic resistance genes amplification in E.
tarda isolates (2, 6 and 7)for aminoglycosides( streptomycin)( aada1) showing positive
at 484bp ,  oxytetracycline(tetA(A)) at 576bp and beta lactames( blaCTX at 593bp,
blaTEM at 516 bp); L: 100 bp ladder as molecular size DNA marker; P and N: positive
and negative control.

4. DISCUSSION
Edwardsiella tarda causes Edwardsiellosis disease which
considered as one of the mortality syndromes causes in

wild and cultured fish due to stress in the aquatic
environment (Wamala et al., 2018)
Concerning the morphological and biochemical characters
of Edwardsiella spp. were similar to Galal et al., (2005),
Nagai et al., (2008), lan et al., (2008), Hassan et al., (2012)
and Nemo et al., (2017).
The current bacteriological examination revealed that
spleen was the most infected organ with E. tarda and the
lowest infected was kidney and gills organs compared to
Kebede and Habtamu (2016) found that the highest
percentage of the pathogen isolated from African cat fish
(C. gariepinus) and Nile tilapia (O. niloticus) organs was
(6.5%) from liver followed by intestine (2.4%) then kidney
(0.8%). Nemo et al., (2017) noticed the distribution of the
E. tarda like species isolates in 630 samples (intestine, liver
and kidney) from 210 Nile tilapia and African catfish was
(4.8%, 1.9% and 1% respectively). Galal et al., (2005)
detected 7 E. tarda from O. niloticus, that recorded as 2
from each ( liver, kidneys and spleen), intestine (1 isolate)
and no isolation from gills, this may be due to hepatic and
nephric virulence factors of E. tarda; Abdel-Latif and
Sedeek (2017) determined 15 E. tarda isolates in diseased
Nile tilapia with prevalence 10.42%, the highest number of
isolates was recovered from liver(6), spleen (6), kidneys (2)
and the lowest from the heart (1). El-Refaey (2013)
retrieved only 1 isolate from kidneys of 250 catfish this
was lower than the study.  However, higher results were to
Mawardi et al. (2018) illustrating the prevalence of E.
ictaluri in the organs as kidney, spleen and liver was
29.41%; 25.49% and 13.73% respectively. The kidney is
more sensitive to infection than another organ of P.
pangasius at the reverse, the study showed that no E.
ictaluri was isolated from kidney.
The uncontrolled use of antibiotic agents for the purpose of
preventing or treating Edwardsiellosis in fish farms
increase antibiotic resistance and transfer of the resistance
genes to other bacteria which is associated to virulence
factors of the pathogen (Yu et al., 2012).
The antibiotic resistance profile of  the isolated E. tarda
was almost in agreement with Choresca-Jr (2011) in
resistance to streptomycin and tetracycline and Ogbonne et
al., (2018) who observed resistant strains to Amoxicillin
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and Streptomycin also (Wimalasena et al., 2018) found the
resistant isolates were at high frequency for the β-lactams
(ampicillin, cefotaxime) but at low frequency for the
aminoglycosides (streptomycin) and tetracycline, While
disagree in resistance to Spectinomycin and
Chloramphenicol as noticed by Galal et al., (2005). The
present study showed that 7 out of 8 isolates were sensitive
to Colistin. Although, E. tarda is considered as naturally
resistant to colistin and macrolides (Stock & Wiedemann,
2001 and Wimalasena et al., 2018), some strains were
colistin-sensitive (Stock & Wiedemann, 2001). Most of the
isolates exhibited high multidrug resistance.
MAR index of E. tarda equal 0.327 which was higher than

0.2 indicating that fishes were in high risk exposure to
these antibiotics.
The high levels of resistance to the β-lactam antibiotics in
several Gram-negative bacteria has been attributed to their
intrinsic resistance, often chromosomal mediated and
transferable to new generations (Kümmerer, 2009). After
the widespread application of Tetracyclines as growth
promoters for aquaculture and livestock, tetracycline
resistance (tet) genes were reported because of energy-
dependent membrane-associated efflux proteins, ribosomal
protection proteins, and tetracycline inactivation enzymes
(Li et al., 2010).
Isolate number 2 and 7 were similar in antibiotic resistance
and antibiotic gene resistance. Meanwhile, there were a
variety between antibiotic resistance phenotypes
(Amoxicillin, Ampicillin, Flumox) and genetic
determinants (aada1, blaCTX, blaTEM, tetA(A)) in the
isolate number 6. Previous studies have also mentioned the
mismatch phenomenon between antibacterial resistance
phenotypes and genotypes of E. tarda that originating from
cultured fish in Japan (Lou et al., 2016; Wimalasena et al.,
2018).

5. CONCULSION

Edwardsiella tarda isolation from O. niloticus was higher
than that from C. Garpienus. The most contaminated organ
was spleen and the most resistant isolate was the isolate
number 2. The hazard use of antibiotic agents in the
aquaculture practice may be attributed to appearance of
MAR and enabled pathogens like E. tarda to acquire such
resistance. Also, this pathogen had zoonotic importance.
So, spread of resistance to human may occur leading to
treatment failure. Hence, efforts should be in place to
control fish bacterial diseases specially in intensive
aquaculture by focus on alternative control strategies such
proper management in fish farms and discourage use of
antibiotics except under decision of specialists.
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