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ABSTRACT 
 

The occurrence of bacterial isolates in Galatea paradoxa (Born 1778) was determined using 
standard bacteriological method. The multi-drug resistance, location of antibiotic markers, plasmid 
DNA extraction and electrophoresis was determined by disc diffusion, acridine orange, TENS 
alkaline lysis and 0.8% agarose gel electrophoresis, respectively. Of the 63 bacterial isolates from 
G. paradoxa, Staphylococcus aureus and Streptococcus pyogenes had the highest and lowest 
percentage of occurrence with 40.0% and 5.0%, respectively. Escherichia coli was 25.0%, 
Pseudomonas aeruginosa (17.5%), Enterococcus spp and Salmonella spp (15.0%) each, Bacillus 
subtilis (12.5%), Klebsiella pneumoniae and Enterococcus faecalis (10.0%) each while Vibrio 
cholerae was (7.5%). The results showed Streptomycin and Ciprofloxacin as the most effective 
antibiotics against bacterial isolates from G. paradoxa. Bacillus subtilis and P. aeruginosa 
displayed 100% sensitivity to Streptomycin; Salmonella spp and E. faecalis were 100% sensitive to 
Augmentin. V. cholerae and S. pyogenes showed 100% resistance to Penicillin and Rifampicin, 
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respectively. Of the 63 bacterial isolates, 43 (68.3%) were multidrug resistant (MDR) isolates, of 
which S. aureus and E. coli had the widest multiple antibiotic resistance (MAR) indices ranging 
from 0.3 to 0.8, while S. pyogenes had the least MAR ≤ 0.5. Of the 43 MDR bacterial isolates, 
16.3%, 23.3% and 60.5% had their entire antibiotic resistance encoded on plasmid, chromosome 
and both plasmid and chromosome, respectively. The agarose gel electrophoresis showed that 
MDR bacterial isolates from G. paradoxa had plasmid DNA with molecular weights ranging from 
23.1 to 31.5kb. This study has showed that G. paradoxa harboured bacteria which could pose 
serious health risks and G. paradoxa should be adequately cooked before consumption. 
 

 
Keywords: Clams; plasmids; multi-drug resistance; antibiotics; bacteria. 
 

1. INTRODUCTION 
 

Galatea paradoxa (Born 1778) previously Egeria 
radiata (Lamark 1804), freshwater clam, is a 
bivalve, filter feeding mollusc, belonging to order 
‘Veneroidea’; superfamily ‘Tellinoidea’ and family 
‘Donacidae’ [1]. This invertebrate aquatic animal, 
endemic to the West African sub-region such as 
the Volta (Ghana), Cross and Nun (Nigeria) and 
Sanaga (Cameroun) has two hinged calcareous 
shells that when closed tightly aid in its protection 
[2,3].  
 

Galatea paradoxa is a suitable bioindicator of 
environmental pollution [4] and can occasionally 
accumulate toxins in their soft tissues via feeding 
on toxic phytoplankton and when ingested by 
humans may frequently cause food-related 
diseases [5]. Galatea paradoxa has high 
nutritional value [6,7] and constitutes an 
important source of food for human due to its 
protein, vitamins (A, B2, B6, B12) and other 
essential minerals such as iron, phosphorus, 
potassium, zinc, copper, manganese, lipids and 
selenium [2,6]. The soft tissue of G. paradoxa is 
consumed after frying, smoking, roasting, 
steaming or cooking [7,3] and G. paradoxa also 
serves as a means of livelihood to young men 
and women in some parts of Southern Nigeria. 
 

Antibiotic resistant bacteria from human and 
animals, released into wastewater, may find their 
way into the soil and water environments [8]. The 
multiple antibiotic resistances of micro-organisms 
especially E. coli from clams and other aquatic 
organisms have been reported [9,10,11]. 
Antimicrobial resistance exhibited in micro-
organisms could be linked to the presence of 
plasmid and its heterogenous nature [12]. 
Plasmids are circular extrachromosomal 
deoxyribonucleic acid (DNA) capable of 
autonomous replication [13]. Plasmids, either 
conjugative or non-conjugative [14], allow the 
movement of genetic materials, such as 
virulence factors and antibiotic resistance genes 

(ARGs) between bacterial species and genera 
[15,16] through a horizontal genetic transfer [13]. 
Plasmid profiles determination is the earliest 
DNA-based method used as serotype-specific 
reference patterns for detecting certain strain 
with possible variation in plasmid content which 
is very important in epidemiological studies [15]. 
This study determined the occurrence, antibiotic 
susceptibility profiles, location of antibiotic 
resistant marker and plasmid molecular weights 
of bacterial isolates obtained from Galatea 
paradoxa. 
 

2. MATERIALS AND METHODS 
 

2.1 Collection and Identification of 
Galatea paradoxa  

 
Forty freshly harvested Galatea paradoxa 
(Clams) were obtained from Itam and Akpan 
Andem markets in Uyo, (Akwa Ibom State, 
Nigeria) using sterile wide-mouth plastic 
containers and were immediately transported to 
the Department of Microbiology Laboratory, 
University of Uyo. The G. paradoxa were 
identified and confirmed by a Fish Taxonomist in 
Fisheries and Aquaculture Department, 
University of Uyo. The G. paradoxa were 
extensively washed with sterile distilled water, 
rinsed with normal saline to remove all 
extraneous materials before shucking. The edible 
part (meat) was aseptically removed as 
described by APHA [17] and was transferred   
into sterile containers for bacteriological  
analysis.  
 

2.2 Bacteriological Analyses of Samples 
 
Ten (10) grams of fleshy blended parts of G. 
paradoxa was aseptically suspended into 90 mL 
of sterile distilled water and vigorously shaken to 
dislodge adhered bacteria. Ten-fold serial 
dilutions of the homogenates were made and 1 
mL of aliquot was pour-plated in triplicates onto 
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each plate of MacConkey Agar (MCA), Nutrient 
Agar (NA), Eosine Methylene Blue (EMB) Agar 
and aerobically incubated at 37°C for 24 hr.  
After incubation, the colonies on the positive 
plates were counted to obtain the Total 
Heterotrophic Counts (THBC), Total Coliform 
Counts (TCC) and Total Faecal Coliform Counts 
(TFCC), respectively. Thereafter, the discrete 
colonies were sub-cultured onto plates of freshly 
prepared nutrient agar and aerobically incubated 
at 37°C for 24 hr. The pure cultures of isolates 
were streaked onto nutrient agar slants, 
incubated at 37°C for 24 hr and stored in the 
refrigerator at 4°C. All isolates were Gram 
stained and subjected to convectional 
biochemical tests [18]. 
 

2.3 Antibiotic Susceptibility Profile of the 
Pathogenic Bacterial Isolates from                 
G. paradoxa 

 
In-vitro antibiotic susceptibility of bacterial 
isolates was determined using Kirby-Bauer disc 
diffusion technique [19]. Briefly, 10 μL of each 
bacterial isolate, prepared directly from a 16-hr- 
old agar plate and adjusted to 0.5 McFarland 
Standard, was inoculated on each plate of 
Mueller Hilton Agar (MHA). The antibiotic discs 
tested on Gram positive bacterial isolates were: 
Ciprofloxacin (CPX, 10 µg), Norfloxacin (NB, 
10µg), Gentamycin (CN, 10µg), Amoxicillin 
(AML, 20 µg), Streptomycin (S, 30 µg), 
Erythromycin (E, 30 µg), Ampicloxacillin (APX, 
20 µg), Chloramphenicol (CH, 30 µg), 
Levofloxacin (LEV, 10 µg) and Rifampin (RD, 20 
µg), while Ciprofloxacin (CPX, 10 µg), Pefloxacin 
(PEF, 10 µg), Augmentin (AUG, 30 µg), 
Cephalothin (CEP, 10 µg), Streptomycin (S, 30 
µg), Nalidixic Acid (NA, 30 µg), Ofloxacin (OFX, 
10 µg), Trimethoprim-Sulphamethoxazole  (SXT, 
30 µg) and Ampicillin (PN, 30 µg) were used for 
Gram negative bacterial isolates. The antibiotic 
discs were aseptically placed on the surfaces of 
the culture plates with sterile forceps, and the 
plates were incubated at 37°C for 18 hr. 
Thereafter, inhibitory zones were observed 
and measured in millimeters (mm). The 
interpretation of the measurement as sensitive 
and resistant was determined based on the 
criteria of CLSI [19].  
 
2.4 Determination of Multiple Antibiotic 

Resistance Index  
 
Multiple antibiotic resistance index (MAR) was 
determined using the formula: MAR=x/y, where 

‘x’ was the number of antibiotics to which the test 
isolate displayed resistance and ‘y’ was the total 
number of antibiotics to which the test isolate has 
been evaluated for sensitivity Akinjogunla and 
Enabulele [16]. Isolates that were resistance to 
three or more classes of antibiotics were taken to 
be multiple antibiotic resistant [20]. 

 

 
                                                           

Fig. 1. G. paradoxa 
 

2.5 Location of Antibiotic Resistance 
Markers of Bacterial Isolates from           
G. paradoxa 

 

The presumptive location of antibiotic resistance 
markers of bacterial isolates was ascertained 
using acridine orange [21]. Each bacterial isolate 
was grown for 24 hr at 37

o
C in a test-tube 

containing 9 ml of nutrient broth (pH: 7.6) and 
1 ml of acridine orange (1 g/1000 ml). After 24 
hrs, the broth culture was agitated, a loopful was 
sub-cultured onto MHA plates and antibiotic 
sensitivity testing was carried out. Cured 
antibiotic resistance markers were determined by 
comparing the pre-curing and post-curing 
antibiograms of the bacterial isolates. Absence of 
zone of inhibition on MHA indicated plasmid-
mediated resistance, while presence of zone of 
inhibition on MHA indicated chromosome-
mediated.  
 

2.6 Plasmid DNA Extraction/Plasmid 
Profile and Gel Electrophoresis of 
Bacterial Isolates 

 

The method of Xiuhua et al. [22] was used for 
Plasmid DNA extraction. Each 24 hr old broth 
culture was centrifuged for 1 min at 10,000 rpm, 
supernatant was discarded leaving about 100 µL 
together with the cell pellet, vortexed to 
homogenize, 300 μL of TENS solution was 
added, mixed by inverting tubes and 150 μL of 
sodium acetate was added and vortexed. This 
solution was centrifuged at 10,000 rpm for 10 
mins to pellet cell debris and chromosomal DNA, 
the supernatant was transferred into fresh tube, 
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mixed with ice-cold absolute ethanol (900 µL) 
and centrifuged for 15 mins at 10,000 rpm. 
Thereafter, the supernatant was discarded, pellet 
washed in 1 mL ethanol (70 %), air-dried and re-
suspended in 40 µL of Tris-EDTA buffer. The 
agarose gel was prepared, boiled and allowed to 
cool, 40 µL ethidium bromide was added and 
poured into casting tray with a comb placed 
across its rim to form wells. The gel was allowed 
to set for 30 mins, the comb was removed and 
12 μL of the plasmid DNA sample was loaded 
into the wells after mixing with 4 µL of 
bromophenol blue. A DNA molecular weight 
marker, Hind III digest of DNA, was also loaded 
into one of the wells, the gel was thereafter 
electrophoresed in a horizontal tank (Gel XL 
Model 01951) at a constant voltage of 100 V for 1 
hr 30 min and plasmid DNA bands were viewed 
under a short wave ultraviolet light (UV) 
transilluminator and the photographs were taken 
using a photo documentation system. The DNA 
bands were matched with those for Lambda DNA 
Hind III digest molecular weight marker in the 
range 0.1 – 23.1kb. The approximate molecular 
weight of each plasmid was consequently 
obtained by extrapolation on graphical plots of 
molecular weight of marker against the distance 
traveled by the respective band.  
 

2.7 Statistical Analysis  
 
The Statistical Package for Social Sciences (IBM 
SPSS Version 22.0) was used for data analysis.  
 

3. RESULTS 
 
A total of sixty-three (63) bacterial isolates, 
belonging to 10 genera, comprising 29 (46.1%) 
Gram positive bacteria (GPB) and 34 (53.9%) 
Gram negative bacteria (GNB) were isolated 
from G. paradoxa. Of the 63 bacterial isolates 
from G. paradoxa, S. aureus had the highest 
percentage of occurrence (40.0%), followed by 
E. coli (25.0 %), P. aeruginosa (17.5%), 
Enterococcus spp and Salmonella spp (15.0 %) 
each, B. subtilis (12.5%), K. pneumoniae and E.  
faecalis (10.0 %) each, V. cholerae (7.5%), while 
S. pyogenes (5.0 %) had the least percentage of 
occurrence (Fig. 2). 
 
The varied antibiotics susceptibility profiles of 
GPB and GNB from G. paradoxa are presented 
in Tables 1 and 2. The GPB were highly sensitive 
to CN, S, CPX and LEV with percentage 
sensitivities ranging from 65.5% to 82.8%, while 
between 55.2% and 58.6% GPB were resistant 
to NB and RD. All (100%) B. subtilis were S and 

LEV sensitive; 60% B. subtilis displayed 
resistance to NB, AMX and RD; S. pyogenes 
exhibited 100% resistance to NB and RD; 75% 
S. aureus were sensitive to CPX and LEV, while 
50% S. aureus showed resistance to AMX (Table 
1).  The susceptibility profiles of GNB to ten (10) 
antibiotics are shown in Table 2. The GNB 
showed between 70.5% and 82.4% sensitivities 
to S, AUG, OFX and CPX. The  P. aeruginosa 
showed a high level of sensitivity to CPX (n=7/7; 
100%) and S (n=7/7; 100%);  above 70% E. coli 
were sensitive to OFX, CPX, AUG and PN; 
Salmonella spp and E. faecalis showed 100% 
sensitivity to AUG, while V. cholerae showed 
100% sensitive to CN (Table 2).   
 

The MAR indices of GPB and GNB from G. 
paradoxa are presented in Table 3.  Of the 63 
isolates obtained, 11.1% isolates were sensitive 
to all the antibiotics tested; 20.6% were non-
MDR isolates, while 68.3% isolates exhibited 
multiple antibiotic resistance. S. aureus and E. 
coli had the widest MAR indices ranging from 0.3 
to 0.8, while S. pyogenes had the least MAR 
indices ranging from 0.3 to 0.5. The MAR indices 
of Enterococcus spp, K. pneumoniae, P. 
aeruginosa and V. cholerae ranged between 0.3 
to 0.7 (Table 3). 
 

The pre-curing and post-curing antibiograms of 
multi-drug resistant (MDR)-GPB and GNB from 
G. paradoxa are shown in Tables 4 and 5. Of the 
19 MDR-GPB from G. paradoxa, 3 (15.8%) 
isolates comprising S. aureus G-SA12, G-SA16 
and S. pyogenes G-SP28 had their entire 
antibiotic resistant markers encoded on the 
plasmids; 3 (15.8%) isolates comprising 
Enterococcus spp G-ES09, G-ES23 and B. 
substilis G-BS05 had their entire antibiotic 
resistant markers located on the chromosomes, 
while 13 (68.4%) isolates had their antibiotic 
resistant markers located on both the plasmids  
and chromosomes (Table 4).  Of the 24 MDR-
GNB obtained , 4 (16.7%) isolates had their 
entire antibiotic resistant markers encoded on the 
plasmids; 7 (29.2%) isolates had their entire 
antibiotic resistant markers located on the 
chromosomes, while 13 (54.2%) isolates had 
their antibiotic resistant markers located on both 
the plasmids  and chromosomes (Table 5).   
 

Table 6 shows the molecular weights of plasmids 
in some MDR-bacterial isolates obtained from G. 
paradoxa. The results of agarose gel 
electrophoresis showed that MDR-bacterial 
isolates had varied resistance plasmids with 
molecular weights ranging between 23.1 and 
31.5 kb (Fig. 3). 



Fig. 2. Percentage occurrence of bacterial isolates in 

Table 1. Antibiotics susceptibility 

Antibiotics Gram 
S. aureus
(n=16) 

CPX S 12(75.0) 
R 4(25.0) 

NB S 9(56.3) 
R 7(43.7) 

CN S 10(62.5) 
R 6(37.5) 

AMX S 8(50.0) 
R 8(50.0) 

S S 11(68.7) 
R 5(31.3) 

RD S 7(43.7) 
R 956.3) 

E S 8(50.0) 
R 8(50.0) 

CH S 10(62.5) 
R 637.5) 

LEV S 12(75.0) 
R 4(25.0) 

APX S 9(56.3) 
R 7(43.7) 

Keys: S: Sensitive; R: Resistant; CPX: Ciprofloxacin; E: Erythromycin; CH: Chloramphenicol; 
APX: Ampicloxacillin, AMX: Amoxicillin; S: Streptomycin; RD: Rifampicin; NB: Norfloxacin; LE

4. DISCUSSION 
 

The G. paradoxa is a good source of protein, 
however, it has a great tendency to harbour
pathogenic microorganisms, especially those that 
are harmful to human health due to the 
unsanitary conditions of the water bodies where 
aquatic animals are cultivated [23]. The isolation 
of bacterial isolates from G. paradoxa
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Fig. 2. Percentage occurrence of bacterial isolates in G. paradoxa 
 

usceptibility profiles of gram-positive bacterial isolates from 
 

Gram Positive Bacteria / No (%) Susceptibility 
S. aureus Enterococcus 

spp (n=6) 
B. subtilis 
(n=5) 

S. pyogenes 
(n=2) 

4(66.7) 4(80.0) 2(100) 
2(33.3) 1(20.0) 0(0.0) 
2(33.3) 2(40.0) 0(0.0) 
4(66.7) 3(60.0) 2(100) 
5(83.3) 3(60.0) 1(50.0) 
1(16.7) 2(40.0) 1(50.0) 
3(50.0) 2(40.0) 2(100) 
3(50.0) 3(60.0) 0(0.0) 
4(66.7) 5(100) 1(50.0) 
2(33.3) 0(0.0) 1(50.0) 
3(50.0) 2(40.0) 0(0.0) 
3(50.0) 3(60.0) 2(100) 
4(66.7) 3(60.0) 1(50.0) 
2(33.3) 2(40.0) 1(50.0) 
3(50.0) 4(80.0) 2(100) 
3(50.0) 1(20.0) 0(0.0) 
5(83.3) 5(100) 2(100) 
1(16.7) 0(0.0) 0(0.0) 
3(50.0) 3(60.0) 1(50.0) 
3(50.0) 2(40.0) 1(50.0) 

Keys: S: Sensitive; R: Resistant; CPX: Ciprofloxacin; E: Erythromycin; CH: Chloramphenicol; 
APX: Ampicloxacillin, AMX: Amoxicillin; S: Streptomycin; RD: Rifampicin; NB: Norfloxacin; LEV: Levofloxacin; 

CN: Gentamycin 
 

is a good source of protein, 
however, it has a great tendency to harbour 
pathogenic microorganisms, especially those that 
are harmful to human health due to the 
unsanitary conditions of the water bodies where 
aquatic animals are cultivated [23]. The isolation 

G. paradoxa agrees 

with the findings of Adebayo-Tayo 
reported the occurrence of bacteria in aquatic 
organism from two different creeks in Nigeria
this study, S. aureus, E. coli, P. aeruginosa
Enterococcus spp, K. pneumoniae, E. faecalis
and S. pyogenes were isolated from 
paradoxa. Staphyloccocus 
predominant bacterial isolate, has been 
to cause food poisoning in human.
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solates from G. paradoxa 

 
Total 
No (%) 

22(75.7) 
7(24.3) 
13(44.8) 
16(55.2) 
19(65.5) 
10(34.5) 
15(51.7) 
14(48.3) 
21(72.4) 
8(27.6) 
12(41.4) 
17(58.6) 
16(55.2) 
13(44.8) 
19(65.5) 
10(34.5) 
24(82.8) 
5(17.2) 
16(55.2) 
13(44.8) 

Keys: S: Sensitive; R: Resistant; CPX: Ciprofloxacin; E: Erythromycin; CH: Chloramphenicol;  
V: Levofloxacin;  

 et al. [23] who 
reported the occurrence of bacteria in aquatic 
organism from two different creeks in Nigeria. In 

P. aeruginosa, 
K. pneumoniae, E. faecalis 

were isolated from G. 
 aureus, a 
has been reported 

human.      
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Table 2. Antibiotics susceptibility profiles of gram-negative bacterial isolates from G. paradoxa 

 
Antibiotics Gram Negative Bacteria / No (%) Susceptibility  

Total 
No (%) 

K. pneumoniae 
(n=4) 

Salmonella 
spp (n=6) 

E.  faecalis 
(n=4) 

V. cholerae 
(n=3) 

E coli 
(n=10) 

P. aeruginosa 
(n=7) 

OFX S 3(75.0) 5(83.3) 4(100) 2(66.7) 7(70.0) 6(85.7) 27(79.4) 
R 1(25.0) 1(16.7) 0(0.0) 1(33.3) 3(30.0) 1(14.3) 7(20.6) 

PEF S 2(50.0) 4(66.7) 1(25.0) 2(66.7) 5(50.0) 4(57.1) 18(52.9) 
R 2(50.0) 2(33.3) 3(75.0) 1(33.3) 5(50.0) 3(42.9) 16(47.1) 

CPX S 4(100) 4(66.7) 3(75.0) 2(66.7) 8(80.0) 7(100) 28(82.4) 
R 0(0.0) 2(33.3) 1(25.0) 1(33.3) 2(20.0) 0(0.0) 6(17.6) 

AUG S 3(75.0) 6(100) 4(100) 1(33.3) 8(80.0) 3(42.9) 25(73.5) 
R 1(25.0) 0(0.0) 0(0.0) 2(66.7) 2(20.0) 4(57.1) 9(26.5) 

CN S 2(50.0) 3(50.0) 3(75.0) 3(100) 7(70.0) 5(71.4) 23(67.6) 
R 2(50.0) 3(50.0) 1(25.0) 0(0.0) 3(30.0) 2(28.6) 11(32.4) 

S S 3(75.0) 6(100) 2(50.0) 0(0.0) 6(60.0) 7(100) 24(70.6) 
R 1(25.0) 0(0.0) 2(50.0) 3(100) 4(40.0) 0(0.0) 10(29.4) 

CEP S 2(50.0) 2(33.3) 3(75.0) 2(66.7) 6(60.0) 5(71.4) 20(58.8) 
R 2(50.0) 4(66.7) 1(25.0) 1(33.3) 4(40.0) 2(28.6) 14(41.2) 

NA S 1(25.0) 4(66.7) 1(25.0) 1(33.3) 6(60.0) 4(57.1) 18(52.9) 
R 3(75.0) 2(66.7) 3(75.0) 2(66.7) 4(40.0) 3(42.9) 16(47.1) 

SXT S 2(50.0) 3(50.0) 2(50.0) 1(33.3) 8(80.0) 6(85.7) 22(64.7) 
R 2(50.0) 3(50.0) 2(50.0) 2(66.7) 2(20.0) 1(14.3) 12(35.3) 

PN S 0(0.0) 4(66.7) 3(75.0) 0(0.0) 7(70.0) 5(71.4) 19(55.9) 
R 4(100) 2(33.3) 1(25.0) 3(100) 3(30.0) 2(28.6) 15(44.1) 

Keys: S: Sensitive; R: Resistant; OFX: Ofloxacin; PEF: Pefloxacin; CPX: Ciprofloxacin; AUG: Augmentin; CN: Gentamycin; 
S: Streptomycin; CEP: Cephalothin; NA: Nalidixic Acid; SXT: Trimethoprim-Sulphamethoxazole; PN: Ampicillin 
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Table 3. Multiple antibiotic resistance index of bacterial isolates from G. paradoxa 
 

MAR 
index 

No (%) of Gram Positive Bacteria No (%) of Gram Negative Bacteria Total 
No (%) 

S
. 
a

u
re

u
s
 

 S
. 
p
y
o

g
e
n

e
s
 

 B
. 
s
u
b
s
ti
lis

 
 E

n
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ro
c
o
c
c
u
s
 

s
p
p
 

K
. 
p

n
e
u

m
o
n

ia
e

 

S
a
lm

o
n
e
lla

 s
p

p
 

E
. 
 f

a
e
c
a
lis

 

P
. 
a

e
ru

g
in

o
s
a

 

V
. 
c
h
o

le
ra

e
 

E
. 
c
o
li 

0.0 1(6.3) 0(0.0) 1(20.0) 0(0.0) 0(0.0) 1(16.7) 0(0.0) 2(28.6) 0(0.0) 2(20.0) 7(11.1) 
0.1 2(12.5) 0(0.0) 1(20.0) 1(16.7) 0(0.0) 0(0.0) 1(25.0) 0(0.0) 0(0.0) 1(10.0) 6(9.5) 
0.2 3(18.8) 0(0.0)) 0(0.0) 1(16.7) 0(0.0) 1(16.7) 0(0.0) 2(28.6) 0(0.0) 0(0.0) 7(11.1) 
0.3 2(12.5) 1(50.0) 0(0.0) 0(0.0) 1(25.0) 1(16.7) 0(0.0) 0(0.0) 0(0.0) 3(30.0) 8(12.7) 
0.4 1(6.3) 0(0.0)) 1(20.0) 2(33.3) 1(25.0) 2(33.3) 2(50.0) 2(28.6) 1(33.3) 2(20.0) 14(22.2) 
0.5 0(0.0) 1(50.0) 0(0.0) 0(0.0) 1(25.0) 0(0.0) 1(25.0) 0(0.0) 1(33.3) 0(0.0) 4(6.3) 
0.6 5(31.3) 0(0.0) 2(40.0) 1(16.7) 0(0.0) 1(16.7) 0(0.0) 0(0.0) 0(0.0) 1(10.0) 10(16.7) 
0.7 0(0.0) 0(0.0) 0(0.0) 1(16.7) 1(25.0) 0(0.0) 0(0.0) 1(14.3) 1(33.3) 0(0.0) 4(6.3) 
0.8 2(12.5) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(10.0) 3(4.8) 

Keys: MAR: Multiple Antibiotic Resistance; Values in parenthesis represent percentages 
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Table 4. Pre-curing and post-curing antibiogram of multi drug resistant gram positive bacterial 
isolates from G. paradoxa 

 
Bacterial isolates Codes  Pre-curing Antibiogram Post-curing Antibiogram 
 
 
 
 
S.  aureus 

G-SA01 CPX-NB-AMX-S-RD-E-CH-APX CPX-NB-E-CH-APX 
G-SA03 NB-CN-AMX-RD-E-CH NB-CN-CH 
G-SA04 CPX-NB-AMX-S-RD-E-CH-APX CPX-NB-E-CH-APX 
G-SA07 CPX-AMX-RD-E-LEV-APX AMX-E-LEV 
G-SA10 NB-CN-AMX-RD-E-CH NB-AMX-CH 
G-SA11 CPX-CN-AMX-RD- LEV-APX CPX-CN- LEV-APX 
G-SA12 CN-E-CH ------- 
G-SA13 NB-CN-AMX-RD-E-CH NB-RD-E-CH 
G-SA15 NB-S-E-APX NB-S-APX 
G-SA16 AMX-S-RD ---- 

 
Enterococcus spp 

G-ES02 CPX-NB-AMX-RD-E-CH CPX-NB-AMX 
G-ES09 CPX-NB-AMX-RD-E-CH-LEV CPX-NB-AMX-RD-E-CH-LEV 
G-ES15 CN-AMX-CH-APX AMX-CH 
G-ES23 NB-S-RD-APX NB-S-RD-APX 

   
B. substilis 

G-BS31 AMX-RD-E-APX AMX-E-APX 
G-BS14 CPX-NB-CN-AMX-RD-E CPX-CN 
G-BS05 NB-CN-AMX-RD-CH-APX NB-CN-AMX-RD-CH-APX 

S. pyogenes G-SP28 NB-CN-RD ----- 
G-SP39 NB-S-RD-E-APX NB-S-E-APX 

Keys: Ciprofloxacin; E: Erythromycin; CH: Chloramphenicol; APX: Ampicloxacillin; AMX: Amoxicillin; 
S: Streptomycin; RD: Rifampicin; NB: Norfloxacin; LEV: Levofloxacin; CN: Gentamycin. 

 
Table 5. Pre-curing and post-curing antibiogram of multi drug resistant gram negative bacterial 

isolates from G. paradoxa 
 

Bacteria isolates Codes Pre-curing Antibiogram Post-curing antibiogram 
 
K. pneumoniae 

G-KP05 S-NA-SXT-PN --- 
G-KP14 AUG-CN-PN AUG-CN-PN 
G-KP22 PEF-CEP-NA-SXT-PN CEP-NA-PN 
G-KP40 OFX-PEF-CN-S-CEP-NA-PN OFX-CN-S-NA-PN 

 
 
Salmonella spp 

G-SS17 OFX-CPX-CN-CEP-SXT-PN CPX-CN-PN 
G-SS22 PEF-CN-CEP-SXT PEF-CN-CEP 
G-SS30 PEF-CN-CEP-SXT PEF-CN-CEP-SXT 
G-SS32 CPX-CEP-NA CPX-CEP-NA 

 
E.  faecalis 

G-EF06 PEF-CPX-CN-SXT PEF-CN-SXT 
G-EF10 PEF-S-NA-SXT PEF-S-NA-SXT 
G-EF25 PEF-S-CEP-NA-PN PEF-NA-PN 

 
V. cholerae 

G-VC18 AUG-S-NA-PN AUG-S-NA-PN 
G-VC29 OFX-CPX-AUG-S-CEP-SXT-PN OFX-CPX-AUG 
G-VC38 PEF-S-NA-SXT-PN PEF-S-NA-SXT-PN 

 
P. aeruginosa 

G-PA08 OFX-AUG-CN-PN OFX-AUG-PN 
G-PA19 PEF-AUG-CN-NA AUG-NA 
G-PA40 PEF-AUG-CEP-NA-SXT-PN PEF-AUG-NA-PN 

 
 
E. coli 

G-EC01 S-CEP-NA ---- 
G-EC04 CPX-CN-SXT-PN CN-SXT-PN 
G-EC35 PEF-CN-NA ---- 
G-EC38 OFX-PEF-AUG-CN OFX-PEF-AUG-CN 
G-EC34 OFX-PEF-CPX-AUG-CEP-NA-SXT-

PN 
OFX-PEF-CPX-AUG 

G-EC27 OFX-PEF-S-CEP-NA-PN OFX-PEF-S-CEP-PN 
G-EC19 PEF-S-CEP ---- 

Keys: OFX: Ofloxacin; PEF: Pefloxacin; CPX: Ciprofloxacin; AUG: Augmentin; CN: Gentamycin; NA: Nalidixic 
Acid; S: Streptomycin; CEP: Cephalothin; SXT: Trimethoprim-Sulphamethoxazole; PN: Ampicillin 
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Table 6. Plasmid Molecular Weight of Bacterial Isolates from G. paradoxa 
  

Bacterial isolates Code of isolates Molecular weight of plasmids (Kb) 
S. aureus G-SA01 29.2 
S. aureus G-SA04 23.1 
Enterococcus spp G-ES09 23.1 
B. subtilis G-BS05 28.8 
S. pyogenes G-SP39 25.2 
K. pneumoniae G-KP40 31.5 
Salmonella spp G-SS17 23.1 
E.  faecalis G-EF25 25.2 
P. aeruginosa G-PA40 25.2 
E. coli G-EC27 28.8 
E. coli G-EC34 27.5 

 

 
 

Fig. 3. Agarose electrophoresis showing plasmid profiles (molecular weight) of bacterial 
isolates from G. paradoxa 

Line 1: G-SA01, 29.2kb); (Line 2: G-SA04, 23.1kb); (Line 3: G-ES09, 23.1kb); (Line 4: G-BS05, 28.8kb); (Line 5: 
G- SP39, 25.2kb); (Line 6: G-KP40, 31.5kb); (Line 7: G-SS17, 23.1kb); (Line 8: G-EF25, 25.2kb); (Line 9: G-

PA40, 25.2kb); (Line 10: G-EC27, 28.8kb); (Line 11: G-EC34, 27.5kb); MK: Molecular weight marker  
(Hind 111 digest) 

 
The high incidence of S. aureus and E. coli in our 
study corroborates the studies carried out by 
Ekanem and Adegoke [6]; Oranusi et al. [24] and 
Ekanem [25], who observed high levels of 
pathogens in aquatic organisms. However, our 
results differ from those obtained by Udoh et al. 
[26] who obtained fewer pathogenic bacteria in 
G. paradoxa samples from Cross River, Nigeria. 
The presence of Salmonella spp and E. coli 
indicates the possible contamination of G. 
paradoxa with human or animal faeces that can 
cause foodborne infections when eaten without 
proper cooking processes (Udoh [27]. The 
occurrence of pathogenic bacteria, especially E. 
coli in aquatic animals, can influence human 
health by inducing disease or infection and 

causing abdominal pain, acute gastroenteritis, 
bloody / mucoid diarrhea, nausea, vomiting, and 
fever [28]. 
 
The antibiotic susceptibility testing of bacterial 
isolates from G. paradoxa ascertained the 
extents of their susceptibility to frequently used 
antibiotics. This study revealed the varied levels 
of multi-drug resistance among bacterial isolates 
from G. paradoxa and confirms the findings of 
Adedeji et al. [29] who reported antibiotic 
resistance among bacterial isolates from different 
aquatic environments in Ibadan, South-West, 
Nigeria. The GNB were highly sensitive to S, 
AUG, OFL and CPX, while the GPB were highly 
sensitive to CN, S, CPX and LEV in this study. 
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The high sensitivity of GNB to AUG and OFL are 
in conformity with findings of Adebayo-Tayo et al. 
[30] who reported in Uyo, Nigeria that most GNB 
from sea-foods were highly sensitive to AUG and 
OFL.  

 
In this study, 43(68.3%) bacterial isolates from G. 
paradoxa exhibited multiple antibiotic resistance 
with MAR indices ranging between 0.3 and 0.8. 
The MAR index higher than 0.2 could be a 
marker of contamination from high-risk sources, 
hence, indicating a potential human health risk 
[31]. Globally, multiple drug resistance by 
organisms has been reported to be concomitant 
with outbreak of major epidemics [32,33]. The 
isolation of the 68.3% MDR bacterial isolates 
from G. paradoxa in our study reflects a high 
alarm index, since these values suggest     
serious public health problems, with the 
consequences of managing infections caused by 
the bacteria. 

 
Some of bacterial isolates from G. paradoxa had 
their antibiotic resistance markers encoded on 
the plasmids; chromosome or both and these 
results are consistent with the work of Yah et al. 
[34]. The loss of antibiotic resistance markers in 
MDR bacterial isolates from G. paradoxa in this 
study using acridine orange is in agreement with 
the reports of Akortha and Filgona [13]. The 
molecular weights of some bacterial isolates in 
this study indicated strain-specific than species-
specific and thus agrees with result of 
Akinjogunla and Enabulele [16].  

 
5. CONCLUSION 
 
This study shows that G. paradoxa harbours 
different types of pathogenic MDR bacteria which 
produce serious public health risks by generating 
outbreaks of diseases transmitted by 
contaminated food. Therefore, it is suggested to 
carry out educational campaigns, raising 
awareness of the risks of consuming mollusks 
raw bivalves, especially G. paradoxa. 
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