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Abstract

A study was carried out to investigate antibiotic resistance patterns and plas-
mid profiling of Edwardsiella tarda isolated from farmed-cultured Hetero-
branchus longifilis in Lagos State, Southwest of Nigeria. A total of 44 Edward-
siella isolates were recovered from 80 fish samples collected from the 10 fish
farms using selective random stratification. It was observed that Edwardsiella
tarda isolates were 100% resistant to Amoxicillin, Chloranphenicol, Levoflox-
acin, Streptomycin and 90% resistant to Nalidixic Acid respectively. All the
isolates were 100% susceptible to Spectinomycin and Ciprofloxacin, while Of-
loxacin, Gentamycin, and Pefloxacin vary in their level of susceptibility with
90%, 80% and 70% sensitivity respectively. Conversely, 8 out of 10 fish farm
locations studied were observed to have antibiotic-resistant strains, and 5 out
of 8 drug-resistant strains were found to carry plasmid and the sizes of the
plasmid ranges between 20.027 kb to 23.130 kb. The plasmid after treatment
with mitomycin C and ethidium bromide were lost during the process of
plasmid curing confirming that the multiple drug resistant exhibited by the
isolates was plasmid mediated. There are fewer studies on antibiotic resistance
in Edwardsiella tarda from aquaculture enterprises and this study provides
further support to the view that there is a potential risk of transfer of resistant
bacteria and their genes to human pathogen through the food chain. Al-
though, in Nigeria there is no antibiotic product registered for aquaculture
usage, vet fish farmers use them off-label for bacterial diseases prevention.
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1. Introduction

Antibiotic resistance is a major public health concern that has emerge over the
recent years as several microbes that were previously susceptible to antibiotics
have evolved to become insensitive to drugs even at higher concentrations per-
haps due to mutation and apparent indiscriminate use and exposure or abuse of
such drugs by fish farmers that use them for diseases prevention. The emergence
of antibiotic resistance in microbes such as Enterococci, Salmonella, Escherichia
coli, Aeromonas and Edwardsiella tarda in fish poses a potential threat of trans-
fer of their resistance genes to human pathogen through the food chain [1] [2].
Antibiotic resistance represents one of the greatest current threats to public
health, and is predicted to overtake cancer as a cause of death by 2050 [3]. Nev-
ertheless, there has been little or no attention paid to the potential use of anti-
biotics in aquaculture industries. In addition to transfer of antibiotics resistant
microorganisms and their genes through consumption of contaminated fish,
there is significant risk of environmental contamination consequently due to
practice of using medicated feeds.

Edwardsiella tarda is a gram-negative, facultative anaerobic, short, rod-shaped
and motile bacterium of the family Enterobacteriaceae, and was first characte-
rized in 1965 [4]. Its motility is due to peritrichous flagella. They are normal gut
micro flora of fish and occasionally opportunistic pathogen in human, causing
gastroenteritis and diarrhea [5]. E. tarda is an important pathogen in terms of
public health, since it progresses as an epizootic and zoonotic bacterium. E. tar-
dais an enteric bacterial pathogen that present in a world-wide distribution and
a high variety of hosts [6] [7]. Moreover, Edwardsiellosis caused by E. tardais a
devastating fish disease in freshwater and marine aquaculture industries
throughout the world and accounts for severe economic losses [8]. It has also
been reported as the causative agent of the systemic diseases known as Emphy-
sematous Putrefactive Disease of catfish (EPDC).

One of the significant challenges threatening sustainable aquaculture industry
today is bacterial fish diseases caused by Edwardsiella tarda, Flavobacterium,
Aeromonas sp., Vibrio sp. and Streptococcus iniae, hence the need for antibiotic
use, although many countries no longer permit the use of antibiotic for aqua-
culture purposes. In 1998, Alderman and Hastings [9] highlighted that control of
antibiotic use in aquaculture vary widely from country to country. In developed
nations such as United State of America, Canada, Norway and other European
Union members, there are a limited number of products with strong regulatory
control and use of antibiotics is on the decline rate as a result of improvements
in the management and development of effective vaccines [10]. However, ninety
percent of aquaculture production occurs in developing countries [11] where
there is little or no regulatory control of antibiotics use appears to be wide-
spread. In Nigeria and other ECOWAS countries with small but rapidly devel-
oping aquaculture industries and with rigorous regulatory control, no antibiotics

are registered for aquaculture usage. Unfortunately, restrictions on the availabil-
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ity of registered products can lead to pressure to use antibiotics off-label or even
completely illegitimately. Antibiotics resistance has been reported in shrimps
[12], eels [13], and aquaculture environments [14] [15]. Some reports have ob-
served that resistance emerges within few years of treating infections with anti-
bacterial drugs [16] and this is a factor, which limits their value in the control of
bacterial fish diseases [17]. Apart from any public health concerns, recognition
of the resistance issue has led to calls for intensified surveillance of antibiotic use
and antibiotic resistance [18]. This study was aimed at determining the resis-
tance of Edwardsiella tarda from Heterobranchus longifilis to antibiotics com-

monly used in aquaculture operations and to investigate their plasmid profile.

2. Materials and Methods

2.1. Sample Collection and Processing

80 fish samples were collected from 10 different fish farm locations using selec-
tive random stratification within Lagos State of Nigeria for a period of six
months. The samples were transported to aquaculture laboratory of Nigerian In-
stitute for Oceanography and Marine Research for diseases examination and
microbiological analysis. Fish samples were aseptically dissected using a dissect-

ing Kkit.
2.2. Isolation and Identification of Edwardsiella tarda

Swabs were taken aseptically from the liver, skin, intestine, gills and kidney of
the dissected fish samples, and were streaked on petridish containing Tryptone
soy agar (LAB M Ltd., United Kingdom) that was prepared according to manu-
facturers’ instructions. The plates were incubated at 37°C for 24 hours and were
observed for bacterial growth and distinct colonies were further sub-cultured on
freshly prepared tryptone soy agar to obtain pure culture of the isolates. The iso-
lates were then identified using gram staining technique, morphology, motility,
biochemical reaction and sugar fermentation according to (Bergey’s Manual of

determinative bacteriology, 7" Edition).

2.3. Antibiotic Susceptibility Testing

A commercially available antimicrobial susceptibility test single disc from Oxoid
Ltd, Basingstoke, RG24 8PW, United Kingdom, was used. Pure culture of Ed-
wardsiella tarda were picked from Tryptone soy broth using a sterile wire loop
and transferred to tubes each containing 5 ml of sterile physiological saline. The
suspension was vortexed and adjusted to match 0.5 McFarland turbidity stan-
dards. Sterile swab stick was then dipped, rotated and pressed firmly on the tube
walls above the culture to remove excess inoculums from the swabs. This was
then evenly swabbed on the dried surface of Mueller-Hinton agar (Oxoid Ltd.,
England) plates ensuring even distribution of the bacterium. 10 different anti-
microbial susceptibility single discs were placed on the plates using sterile for-

ceps and were incubated at temperature of 37°C for 18 to 24 hours, after which
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the diameter of zone of inhibition were measured with white transparent meter
rule in millimeter. The methods describe above and the interpretations of results
were done using standard recommended by Clinical Laboratory Standard Insti-
tute [19]. The ten antibiotics used have the following concentrations: Nalidixic
Acid (30 pg), Gentamycin (10 pg), Pefloxacin (5 pg), Ofloxacin (5 pg), Strepto-
mycin (25 pg), Levofloxacin (5 ug), Chloranphenicol (30 ug), Spectinomycin (10
ug), Ciprofloxacin (10 pg), Amoxycillin (25 pg).

2.4. Plasmid Extraction

Plasmid was isolated from overnight pure culture of Edwardsiella tarda follow-
ing a protocol of Fast-n-Easy Plasmid Mini-Prep Kit (Column based isolation of
plasmid DNA) from Jena Bioscience, Germany. The kit contains Lysis buffer,
Neutralization buffer (containing RNase A), Activation buffer, washing buffer
(containing ethanol), and Elution buffer. The bacterial cells were harvested from
the culture and centrifuged. The pelleted cells were resuspended in 300 pl Lysis
Buffer by vortexing for 1 minute. 300 ul of Neutralization Buffer (containing
RNase A) was added to the sample and then mix gently by inverting the tube 4 -
6 times, then Centrifuge at 10,000 g for 5 minutes at room temperature in a mi-
crocentrifuge until the colour of the binding mixture change to bright yellow in-
dicating a pH of 7.5 required for optimal DNA binding. A binding Column was
place into a 2 ml collection tube and 100 pl of Activation Buffer was added into
the Binding Column, then Centrifuge at 10,000 g for 30 seconds in a mi-
cro-centrifuge. Thereafter, the supernatant was applied into the activated Bind-
ing column by decanting, and Centrifuge again at 10,000 g for 30 seconds. The
DNA loaded Binding Colum was place into the 2 ml collection tube and 500 pl
of Washing Buffer was applied to the Binding Column for washing. Thereafter,
centrifuge at 10,000 g for 30 seconds, and 700 ul of Washing Buffer was added to
the Binding Column, and Centrifuge again for 2 minutes to remove residual
Washing Buffer. Finally, the elution was carried out by placing the Binding
Column into a clean 1.5 ml microtube with addition of 50 pl Elution Buffer to
the center of the column membrane, and then incubated for 1 minute at room

temperature and Centrifuge at 10,000 g for 1 minute to elute DNA.

2.5. Agarose Gel Electrophoresis

Plasmid was separated on a 1.5% agarose gel and electrophoresis was carried out
at 80 V for 1 hour 30 minutes. After electrophoresis, the gels were stained for 2
hours in 0.5 pg of ethidium bromide solution, destained in water, and photo-
graphed with Polaroid MP4 camera, using type 55 P/N instant film and 23A and
2B filters.

2.6. Plasmid Curing Procedure

Plasmid curing was conducted following a method described by Alicia et al [20].

24 hour culture were grown in a broth containing 0.5 and 0.05 pug of mitomycin
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C per ml. ethidium bromide concentrations used were 0.4 and 0.04 mg/ml. after
treatment, bacterial cells were plated on a solid medium to observe their growth.
The plates were replicated into a fresh medium containing appropriate antibio-
tics. Both colonies which grew on medium with antibiotics and those that fails to
grow were picked randomly from the master plates to test for plasmid content

and antibiotic susceptibility.

2.7. Statistical Analysis

The correlation of plasmids to antibiotic resistance patterns was calculated using
Statistical Packages for Social Sciences (SPSS) software, version 20 (IBM).

3. Results

The bacteria were isolated from the kidney, gills and intestines of Heterobran-
chus longifilis from 10 different fish farms location in Ikorodu, Epe and Ajah
area of Lagos State, Nigeria. Table 1 and Plate 1 shows morphological, bio-
chemical characteristics and gram staining photomicrograph of the isolates,
which revealed that the isolates were Edwardsiella tarda. A total of 44 Edward-
siella isolates were recovered from 80 fish samples collected from the 10 fish
farms studied. Results shows that Edwardsiella tarda isolates were 100% resistant
to Amoxicillin, Chloranphenicol, Levofloxacin, Streptomycin and 90% resistant
to Nalidixic Acid respectively (Figure 1). All the isolates were 100% susceptible
to Spectinomycin and Ciprofloxacin. Conversely, other antibiotics used in this
study shows variable level of sensitivity and they include: Ofloxacin (90%), Gen-
tamycin (80%) and Pefloxacin (70%) respectively (Figure 1). Figure 2 shows the
plasmid profiling of the isolates that were resistant to the tested antibiotics.

Table 1. Morphological and biochemical characteristics of the isolated Edwardsiella tarda.

Biochemical Characteristics Reaction
Gram Stain Negative

Morphology Short, Rod-Shape
Indole Reaction Positive
Catalase Positive
Oxidase Negative
Hydrogen Sulphide Positive
Glucose Fermentation Positive
Lactose Fermentation Negative
Fermentation of Mannitol Positive
Motility Positive
Citrate Positive
Urease Negative
Voges-Proskauer Negative
Methyl Red Positive
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Plate 1. Gram stain photomicrograph of the isolates. Edwardsiella tarda is indicated with
an arrow.
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Figure 1. The percentage of antibiotics sensitivity and resistant patterns of
Edwardsiella tarda isolates.

However, 5 out of 8 drug-resistant strains were found to carry plasmid and the
sizes of the plasmid ranges between 20.027 kb to 23.130 kb. Figure 3 shows the
plasmid curing of drug-resistant isolates to determine changes in plasmid con-
tent associated with antibiotic resistance pattern after the plasmid responsible
for the isolates drug-resistant has been knocked off.

The relationship between the antibiotics resistance patterns and all the Ed-

wardsiella strains isolated in this study are shown in Table 2.

4. Discussion

Edwardsiellosis is one of the most significant bacterial diseases in fishes and it
causes massive mortalities in the various populations and age groups of fish and
consequently high economic losses [21]. Therefore, antibiotic resistance by E.
tarda is a call for concern. Resistance patterns observed in this study could not
be attributed to frequent antibiotic use as none were actually registered for aq-
uaculture usage in Nigeria. However, the results have some similarity to those
seen in countries where antibiotics were allowed to be used for aquaculture
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Figure 2. Plasmid profile of Edwardsiella tarda isolated from
Heterobranchus longifilis. Lane M = DNA ladder (Contain the
standard reference molecular weight). L3 = E. tarda isolated
from fish farm location 3 showing no plasmid. L4 = E. tarda
isolated from fish farm location 4 having plasmid size of
23.130 kb. L5 = E. tarda isolated from fish farm location 5
having plasmid size of 23.130 kb. L6 = E. tarda isolated from
fish farm location 6 showing no plasmid. L7 = E. tarda isolated
from fish farm location 7 showing no plasmid. L8 = E. tarda
isolated from fish farm location 8 having plasmid size of
23.130 kb. L9 = E. tarda isolated from fish farm location 9
having plasmid size of 23.130 kb. L10 = E. tarda isolated from
fish farm location 10 having plasmid size of 2.027 kb.

M L4 LS L8 L9 L10

23130

6557
4361

2322
2027

564

Figure 3. Loss of plasmids by Edwardsiella tarda after curing.
Lane M = 564 bp DNA ladder. L4, L5, L8, L9 and L10 indicate
lanes with loss of plasmids after curing. Horizontal lines indi-
cate plasmid loss areas.
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Table 2. Antibiotics resistance patterns to all Edwardsiella strains isolated in this study.

Antibiotics Number of resistant isolates (%)
Nalidixic Acid 9 (90%)
Gentamycin 0 (0%)
Pefloxacin 0 (0%)
Ofloxacin 0 (0%)
Streptomycin 10 (100%)
Levofloxacin 10 (100%)
Ciprofloxacin 0 (0%)
Chloranphenicol 10 (100%)
Spectinomycin 0 (0%)
Amoxycillin 10 (100%)

operations. Resistance to levofloxacin, streptomycin, amoxicillin, Chloranphe-
nicol and Nalidixic acid was prevalent in this study. Resistance to amoxicillin
and Chloranphenicol is not shocking as it has been reported in many studies in
different countries [22] [23] [24]. In contrast, no resistance to Spectinomycin
and ciprofloxacin was observed. However, our results showed resistance to more
than one class of antibiotic and this is in agreement with the work of Lee et al
[25] whose study reported multiple drug resistance by E. tardain freshwater fish.
Furthermore, a total of 10 fish farms location were surveyed for antibiotics re-
sistant strain of Edwardsiella tarda, 8 out of 10 fish farm locations studied were
observed to have antibiotic-resistant strains, and 5 out of 8 drug-resistant strains
have plasmid. The plasmid after treatment with mitomycin C and ethidium
bromide were lost during the process of plasmid curing while trying to deter-
mine whether the drug resistant is plasmid mediated or not and this is in line
with the work of Alicia et al [20] who characterize plasmids in bacterial fish pa-
thogens. Also, only one out of the eight isolates tested were found to carry 2 dif-
ferent sizes of plasmids (20.027 kb and 23.130 kb) while others have one sized
plasmid of high molecular weight (23.130 kb). The number of plasmids isolated
from the Edwardsiella strains used in this study did not show any significant
correlation to antibiotic resistance patterns P (>0.05).

The presence of high molecular weight plasmids in fish farms and environ-
ments has been reported [26] and transferable R-plasmids conferring resistance
to various antimicrobials including chloramphenicol, streptomycin and Nalidix-
ic acid were reported many years ago [27]. Most of these plasmids are capable of
being transferred to other organisms as well as transferring their resistance genes
[28]. The use of antibiotics in aquaculture has been for the purpose of managing
and treating fish disease. These synthetic drugs effectively inhibit bacterial cell
wall synthesis, protein synthesis, and DNA function [29]. However, the indi-
scriminate use of the antibiotics in fish farming has caused the development of
antibiotics resistant in fish pathogen [30]. Studies from other researchers has

shown that the reservoirs of antibiotic resistance can interact between different
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ecological systems and the possibility of transfer of resistant bacteria or their

genes from animals to humans may occur through the food chain [31] [32]. Fu-

rushita and other researchers [26], have noted that tetracycline resistance genes

from fish farm isolates were similar to those detected in clinical isolates. Never-

theless, the use of antibiotics in aquaculture operations should be totally discou-

raged and adequate fish health management system and quality control should
be adopted.
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