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This study was carried out to investigate the prevalence and antibiogram of 
Escherichia coli isolated from edible cockle (Senilia senilis). Forty-two (42) 
raw and shucked samples of Senilia senilis were purchased and subjected to 
standard microbiological procedures. There was a significant difference 
(p≤0.05) in the total heterotrophic bacterial (THB) count among markets 
sampled. The THB, total coliform (TC) count and faecal coliform (FC) count 
ranged from 5.82±1.23x104CFU/g to 8.40±0.37 x104CFU/g: 2.46±1.35 
x103CFU/g to 3.53±1.29 x103CFU/g: 5.1±0.35 x102CFU/g to 11.2±0.78 
x102CFU/g; 2.29±0.62 x104CFU/g to 4.04±0.57x104CFU/g: 1.53±1.21 
x103CFU/g to 2.80±1.83x103CFU/g: 8.8±0.62 x102CFU/g to 
17.3±0.39x102CFU/g for Buguma main market (BMM) and Creek road 
market (CRM) raw and shucked samples respectively. There was no 
significant difference (p≥0.05) in TC and FC counts in raw and shucked 
samples. Forty (40) E. coli isolates were isolated. CRM had the highest 
prevalence (30%; 17.5%) and BMM had the least prevalence (17.5%; 7.5%) in 
raw and shucked samples respectively. Escherichia coli showed high 
sensitivity to Nalidixic acid (82%) and resistant to Pefloxacin (42.5%). 52.5% 
had MAR index ≥ 0.2 while 47.5% had <0.2 as their MAR Index. This study 
reveals prevalence of E. coli in Senilia senilis in Rivers State, which can pose a 
serious threat to consumers.  
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INTRODUCTION 
 
Senilia senilis is one of the common species of edible 
saltwater clam, a marine bivalve Mollusc in the family 
Arcidae (Jan, 2017). It is commercially harvested and due to 
their filter feeding nature they concentrate contaminants 
including microorganisms that can cause infectious 
diseases in humans (Robertson, 2007).  

Seafood especially cockles are one of the best suppliers of 
protein, vitamin, minerals and essential nutrients required 
for supplementing infants and adults’ diets. However, the 
consumption of the seafood poses threat to public health 
(Fleming et al., 2006). Based on this high rate of 
consumption, the microbiological quality and safety of this 
seafood has aroused great attention among or between the 
present or our contemporary day consumer, food 

processors and regulatory agencies and continue to 
increase day by day (FAO, WHO 2012). It is more noticeable 
in seafood than other food because of their perishable 
nature and short shelf-life (Schmidt et al., 2000).  

Senilia senilis are susceptible to a wide variety of 
potentially pathogenic bacteria and are the major route or 
vehicle for the spread of several bacterial diseases because 
their main habitat is the estuaries and coastal water bodies 
and these water bodies are often contaminated by the 
activities of adjoining population and partially treated or 
untreated sewage released into these water bodies (Kumar, 
2001). Consequently, cockles harvested from such areas 
often contain pathogenic microorganisms in addition to 
poor  sanitation  in  landing  centres  and  open  fish  market  
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exacerbates the situation (Oleveira et al., 2011). 

Human infections caused by pathogenic bacteria are 
reported to have been transmitted through these cockles 
and other seafood products and because they are highly 
perishable, they should be handled with great care to 
preserve its natural attributes and prevent microbial 
proliferation (Fahim et al., 2017). The major factor 
contributing to the poor quality of the seafood is the 
unhygienic handling and storage leading to off-smell, 
physical damage, building up high bacterial load and 
contamination with dirt and objectionable microorganisms 
(Fahim et al., 2017).  

Human pathogenic E. coli has evolved as the causative 
agent of many human diseases compared to any other 
pathogenic bacteria (Kaper et al., 2004). Most isolates of E. 
coli are non-pathogenic but are of faecal origin and 
indicators in seafood and about 10-15% of the intestinal 
coli forms are opportunistic and pathogenic serotypes and 
cause disease such as meningitis, endocarditis, septicaemia 
and several outbreaks of gastrointestinal illness caused by 
food borne pathogenic E. coli (Daini et al., 2005). 

Escherichia coli is the leading cause of both communities 
acquired, nosocomial urinary tract infections and many 
food-borne diseases. Up to 50% of females eventually 
experience at least one episode of urinary tract infections, 
12-50% of nosocomial infections and about 4% of 
gastrointestinal infections and diseases (WHO, 2012). In 
tropical countries like Nigeria, enteropathogenic E. coli is an 
important cause of childhood diarrhoea and risk factors like 
undying diseases such as AIDS, people with 
immunosuppressive medications are prone to the diseases. 

In controlling E. coli infections antibiotics that were once 
effective are now ineffective due to the bacteria acquired 
resistance to these antibiotics. The microbes’ resistant to 
these antibiotics may function as a potential source in the 
transportation of antimicrobial resistance to humans 
(Schroeder et al., 2002). The disease threat from antibiotic 
resistant strains has increased in recent years and the 
occurrence of multiple antibiotic resistant among the 
enteric species could be a problem associated with transfer 
of resistance to human beings (Immaculate et al., 2012). 
Hence it is expedient to study the antibiogram 
(Antimicrobial resistance) in pathogenic as well as 
indicator bacteria associated with this seafood (Cockles) 
(Muhammadu et al., 2009). This research was therefore, 
aimed at studying the prevalence and antibiogram of E. coli 
isolated from Senilia senilis for the benefit of consumers in 
Rivers State. 
 

 
MATERIALS AND METHODS 
 
Description of study area 
 
The study was carried out in three different markets in 
Rivers State Viz: Creek road market, Kaa market and 
Buguma    main     markets     with    coordinates    4.7583oN,  

 
 
 
 
7.0209oE; 4o 40' 34.64" N 7o 21' 54.68" E and 4o 44' 10.10" 
N 6o 51' 44.50" E (GPS) 
 
Sample collection 
 
A total of 42 Raw and shucked Senilia senilis were 
purchased, put in sterile bag from three (3) markets under 
hygienic conditions in Rivers State and put in an ice-chest 
bag and transported aseptically to the Department of 
Microbiology Laboratory for bacteriological analysis in 
Rivers State University. 
 
Microbiological analysis 
 
Bacterial Enumeration  
 
The enumeration of the total heterotrophic bacteria was 
carried out using nutrient agar while the total coliform and 
faecal coliform counts were performed on MacConkey and 
eosin methylene blue respectively. The stock analytical unit 
was done by weighing 10g of the edible part of the raw and 
shucked Senilia senilis and homogenizing in 90ml of sterile 
normal saline for enumeration, isolation and identification. 
Ten-fold serial dilution was performed subsequently by 
pipetting 1ml of the samples into 9ml of sterile normal 
saline up to six (6) dilutions. About 0.1 aliquot of the 
appropriate dilutions (101 and 102) was inoculated in 
duplicates onto already prepared sterile plates of nutrient, 
MacConkey and Eosin Methylene Blue agar using the 
spread plate technique and incubated at 37oC and 44.5oC 
(Faecal coliform count) for 24hours after which the plates 
were counted and recorded. Representative colonies were 
described and sub-cultured onto nutrient agar plates and 
incubated at 37oC for 24hours to obtain pure cultures 
(Taylor, 2008) 
 
Preservation of pure culture 
 
The pure cultures were stored in 10% (v/v) glycerol 
suspension at -4oC as a cryopreservative agent to prevent 
the damage of the pure cultures during drying for further 
analysis. 
 
Isolation and identification of Escherichia coli 

 
Escherichia coli was isolated based on its greenish metallic 
sheen colouration on Eosin Methylene Blue agar, a selective 
media for the isolation and identification of faecal 
coliforms. Identification of the organism was further 
conducted through biochemical such as Citrate Utilization 
test, Methyl red, indole test, Voges Proskaeur test, sugar 
fermentation test to confirm E. coli (Aditi et al., 2017; 
Cheesbrough, 2005) 
 
Antibiotic susceptibility testing 
 
The    antimicrobial   susceptibility   profiles    of   the  E.  coli 



 
 
 
 
isolates to conventional antibiotics were determined using 
the Kirby Bauer disk diffusion method on sterile Mueller-
Hinton agar. Standardization of the E. coli isolates was 
carried out by adjusting to 0.5 McFarland turbidity 
standard. The swab is dipped into the bacterial suspension 
and streaked over the surface of the agar plates and the 
procedure was repeated several times, rotating the agar 
plate 60° C each time to ensure even distribution of the 
inoculum. The plates were left to dry for 3–5 min. Ten 
conventional antibiotics disk impregnated with (Cephalexin 
(CEP)–10 µg, Ofloxacin (OFX)-10 µg, Nalidixic acid (NA) – 
30 µg, Pefloxacin (PEF)-10 µg, Gentamicin (CN)-10 µg, 
Augmentin (AU)-30 µg, Ciprofloxacin (CPX)-10 µg, 
Trimethoprim (SXT) – 30 µg, Streptomycin (S)-30 µg and 
Ampicillin (PN)-30 µg) were aseptically placed on the 
surface of the inoculated agar plate with sterile forceps.  
Each disk was pressed down to ensure full contact with the 
surface of the agar. The plates were then incubated 24 
hours at 33 to 35°C in an inverted position. The zones of 
inhibition were measured in millimetre (mm) using a meter 
rule and compared to (CLSI, 2017). 
 
Determination of Multiple antibiotic resistance (MAR) 
index 
 
Multiple antibiotic resistance is the resistance of E. coli 
isolate to three or more antibiotics (Osundiya et al., 2013). 
Multiple antibiotic resistance (MAR) index was ascertained 
for each isolate by using the formula MAR = a/b, where ‘’a’’ 
represent the number of antibiotics to which the test isolate 
depicted resistance and ‘’b’’ represent the total number of 
antibiotics to which the test isolate has been evaluated for 
susceptibility (Krumperman, 1985) 
 
Data analysis 
 
Statistical Package for Social Sciences (SPSS) version 22 
was used to analyse the data obtained from counts and the 
measurement of the zones of inhibition. Descriptive 
statistics was used to summarize all data obtained. Analysis 
of variance (ANOVA) was carried out to test for significant 
difference (p≤0.05) in the bacterial counts from the various 
markets. Duncan multiple range test was used to separate 
the means were difference existed (Bewick et al., 2004).  
 
 
RESULT AND DISCUSSION 
 
The study revealed as shown in Table 1 that out of the 
Forty-two (42) of S. senilis sampled, the THB count was 
highest in Creek road market followed by Kaa and Buguma 
main markets with a total mean count of 8.40±0.37 
x104CFU/g; 7.25±0.92 x104CFU/g and 
5.82±1.23x104CFU/g, respectively. Similar work by Akani et 
al. (2019) also showed a difference (p≤0.05) in the THB 
counts of parboiled samples from the different markets 
sampled albeit no significant difference was observed in the 
coliform and Pseudomonads counts.The high THB  count  in  
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the samples showed a significant difference (p≤0.05) and is 
attributed to environmental condition, ingestion of 
microorganisms that resides in their natural habitat by the 
organism during feeding by the organism, handling by 
market vendors and also some source of water used for 
storage of samples before purchase (Barika and Akani, 
2019). Creek road market has the highest total coliform 
count (with mean count 3.53±1.29 x103CFU/g) followed by 
Kaa market (3.26±1.39 x103CFU/g) and Buguma main 
markets (2.46±1.35 x103CFU/g). Similar count was 
recorded by Kumar et al. (2005;2009). Contamination by 
coliform may be as a result of source of water used for 
preparation, distance between localization of catch and 
polluted areas (human and animal faeces) where 
anthropogenic activities is predominant (Takeda, 2011). 
The FC count of Creek road market was the highest 
(11.2±0.78 x102CFU/g) followed by Kaa market (9.7±0.59 
x102CFU/g) and Buguma main market (5.1±0.35 
x102CFU/g) respectively. Manna et. al. (2009) recorded 
similar values in their research on shellfish. There was no 
significant difference (p≥0.05) in the TC count and FC 
count. TC and FC were high in creek road market because of 
the population density of the area and the proximity of the 
market to the water body where anthropogenic activities 
are high, poor hygiene and conditions of the environments 
(Takeda, 2011). The THB, TC and FC of the raw samples 
were above the limits specified by the International 
Commission on Microbiological Specifications for foods 
(ICMSF) (2002). 

The counts from the shucked S. senilis samples as shown 
in Table 2, revealed that for THB count, Creek road market 
has the highest count (4.04±0.57x104CFU/g), followed by 
Kaa and buguma main markets with mean count of 
2.96±0.79 and 2.29±0.62 x104CFU/g respectively. As 
similar values were recorded by Manna et al. (2009) in 
their research on shellfish. There was a significant 
difference (p≤0.05) in the THB count between the markets 
sampled and higher count experienced in the sample was 
also due to the persistence of the organism in the sample, 
because parboiling could not eliminate the microorganisms 
completely from the samples, the source of water for 
preparation, poor hygienic conditions during processing 
(Odu et al., 2012). Creek road market had the highest count 
for TC and TC count followed by Kaa market and Buguma 
main markets with mean count of (2.80±1.83x103CFU/g; 
17.3±0.39x102CFU/g), (1.81±1.10 x103CFU/g; 14.6±0.43 
x102CFU/g), (1.53±1.21 x103CFU/g; 8.8±0.62 x102CFU/g) 
respectively. There was no significant difference (p≥0.05) 
in the TC and FC counts among the different markets 
sampled which is probably due to similar activities such as 
cross contamination from handlers during purchase, 
transportation to point of sales, poor hygienic contents of 
utensil used for sales (Odu et al., 2012). THB, TC and FC 
counts of the shucked samples were also above the limits 
specified by the International Commission on 
Microbiological Specifications for foods (ICMSF) (2002) 

Generally, THB, TC and FC counts were higher in Creek 
road market, and Buguma main market  had  the  least count  



Int. Res. J. Pub. Environ. Health          152 
 
 
 

Table 1. Distribution of the Bacterial Population of Raw S. senilis from Various Markets Sampled in Rivers State Nigeria 
 

Markets THBx104  

(CFU/g) 
TCCx103 

(CFU/g) 
FCCx102 

(CFU/g) 

Buguma main market  5.82±1.23a 2.46±1.35a 5.1±0.35a 
Kaa 7.25±0.92b 3.26±1.39a 9.7±0.59a 
Creek road market 8.40±0.37c 3.53±1.29a 11.2±0.78a 

 

Key: THB (Total Heterotrophic Bacteria), TCC (Total Coliform Count), FCC (Faecal coliform count). *Mean with the same superscript along the 
columns is not significantly different (p≥0.05)  

 
 

Table 2. Distribution of the Bacterial Population of Shucked S. senilis from Various MarketsSampled in Rivers State Nigeria 
 

Locations THBx104 

(CFU/g) 
TCCx103 

(CFU/g) 
FCCx102 

(CFU/g) 
Buguma main market  2.29±0.62a 1.53±1.21a 8.8±0.62a 
Kaa 2.96±0.79a 1.81±1.10a 14.6±0.43a 
Creek road market 4.04±0.57b 2.80±1.83a 17.3±0.39a 

 

Key: THB (Total Heterotrophic Bacteria), TCC (Total Coliform Count), FCC (Faecal coliform count). *Means with the same superscript along the 
columns are not significantly different (p≥0.05) 

 
 

 
 

Figure 1: Bacterial population of Raw and Shucked S. senilis from Rivers State 
 
 
 
in both raw and shucked samples of S. senilis as shown in 
Figure 1. The prevalence of E. coli was high in Creek road 
market (30%) followed by Kaa market (20%) and Buguma 
main markets (17.5%) in the raw sample, hence Creek road 
market had the highest percent occurrence due to the 
Population density of the area and the release of faecal 

matter into the water body which the organism accumulates 
during filter feeding (Robertson, 2007). Jeyasanta et al. 
(2012) also reported having high prevalence of E. coli in raw 
seafood including shrimps, cockle oyster; In shucked 
samples, Creek road market had the highest percentage 
occurrence (17.5%) followed Buguma main market and Kaa  
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Figure 2: The Percentage Occurrence of E. coli from S. senilis from the various markets 
 
 

 
 

Figure 3: Mean prevalence of E. coli in various samples from the markets 

 
 
 
market (7.5%) and high percentage occurrence is also due 
to poor sanitary conditions, poor hand hygiene, cross 
contamination (Bose et al., 2014)(Figure 2). Generally, the 
prevalence of E. coli was more in raw samples compared to 
the shucked samples (Figure 3). 

The results of the antibiotic sensitivity (Table 3) as 
interpreted using the Clinical Laboratory Standard Institute 
Guideline. (2015) revealed a high percentage of E. coli was 
susceptible to Nalidixic acid (82%) showing that is the most 
effective drug on E. coli from this work and it is in line with 
the work of Ayalew et al. (2019) which shows that E. coli is 

most sensitive to Nalidixic acid. The drug interferes with 
nucleic acid synthesis during DNA replication by inhibiting 
either DNA gyrase or topoisomerase IV (Schultsz et al., 
2012). This was followed closely by Streptomycin (77.5%) 
then Augmentin (75%), Trimethoprim-Sulfamethoxazole 
and Gentamicin (70%).The effect of gentamycin and 
Streptomycin belonging to aminoglycosides group is not 
surprising because it is known to be effective against most 
Gram negative bacteria including E. coli, binding to their 
ribosomes and inhibiting protein synthesis and the 
acquisition of the aac gene by E. coli  (Vakulenko et al., 2003)  



Int. Res. J. Pub. Environ. Health          154 
 
 

 
Table. 3: Susceptibility Pattern of Escherichia coli Isolated from Cockles (Senilia senilis) in Rivers State 

 

Antibiotics Conc.(µg) Resistant n (%) Intermediate n (%) Susceptible n (%) 
CEP (10) 16(40.0) 8(20.0) 16(40.0) 
OFX (10) 11(27.5) 8(20.0) 21(52.5) 
NA (30) 6(15.0) 0(0.00) 34(85.0) 
PEF (10) 17(42.5) 22(55.0) 1(2.5) 
CN (10) 8(20) 4(10) 28(70.0) 
AU (30) 2(5) 8(20.0) 30(75.0) 
CPX (10) 15(37.5) 10(25.0) 15(37.5) 
SXT (30) 4(10.0) 8(20.0) 34(70.0) 
S (30) 9(22.5) 0(0.00) 31(77.5) 
PN (30) 13(32.5) 13(32.5) 14(35.0) 

 

Key: CN (Gentamicin), CPX (Ciprofloxacin), CEF(Cephalexin), OFX (Ofloxacin), AU (Augmentin), PEF (Pefloxacin), NA (Nalidixic acid), S  
(Streptomycin), SXT (Trimethoprim-Sulfamethoxazole), PN (Ampicillin) 

 
 

Table 4. MAR Indices of Escherichia coli (N=40) 
 

MAR Index Number (%) 
0.1 19(47.5) 
0.2 9(22.5) 
0.3 1(2.5) 
0.4 3(7.5) 
0.5 2(5.0) 
0.6 3(7.5) 
0.7 3(7.5) 

 

KEY: Multiple Antibiotic Resistance (MAR) 

 
 
 
and Augmentin which belongs to the penicillin class of 
antibiotic which binds to the penicillin binding protein 
(PBP) that leads to the disruption of the formation of the cell 
wall (Sauvage et al., 2008) and similar with the work of 
 Abdissa et al., 2017 which demonstrated susceptibility to 
gentamicin, Nalidixic acid and streptomycin. E. coli showed a 
decreasing trend of resistance in the order: Pefloxacin 
(42.5%), Cephalexin (40%)>Ciprofloxacin (37.5%) > 
Ampicilin (32.5%)>Ofloxacin (27.5%) > Streptomycin 
(22.5%) > Gentamycin (20%) > Nalidixic acid (15%) 
Trimethoprim- Sulfamethoxazole (10%) > Augmentin (5%). 
This shows that a high percentage of the organism where 
resistant to pefloxacin (42.5) and Cephalexin (40%). The 
organism was more resistant to the fluoroquinolone 
(Pefloxacin 42.5%) and this resistance may be acquired via 
plasmids carrying quinolone resistance (qnr) and gyrA 
genes. The high resistance to the beta-lactam antibiotics 
Ampicillin (32.5%) and Cephalexin (40%) can be explained 
by the extensive and uncontrolled use of these antibiotics as 
well as affordability and the acquisition of the blaCTX, 
blaSHV and blaTEM genes (Gourmelon et al., 2006).The role 
of resistance gene has been reported by previous 
researchers (Sampson et al., 2020; Von and Marre, 2005; 
Bedasa et al., 2018).Resistance to 
Trimethoprim/Sulfamethaoxazole is by acquisition of SXT 
genes. Also, the resistance to beta-lactam drugs and 
fluoroquinolones is in line with work of Von and Marre 
(2005) and Bedasa et al. (2018). 

The results of Multiple Antibiotic Resistance (MAR) index of 
E. coli isolated in this study as  shown in Table 4. revealed 
that the percentage of isolates with MAR index ≥ 0.2 was 
52.5%. It is of high importance to know that MAR index 
values greater than 0.2 indicate high risk source of 
contamination where antibiotics are often used (Davis et al., 
2016; Krumperman, 1985). It also follows that 52.5% of the 
E. coli isolated in this study shows multiple resistances to 
antibiotics, where these antibiotics are indiscriminately 
used due to infections from E. coli from this source (Davis et 
al., 2016). 
 
 
CONCLUSION AND RECOMMENDATIONS 
 
Escherichia coli occurrence in seafood is considered a 
sanitary case and may present a risk to consumers and its 
increasing resistance to most antibiotic pose a serious 
threat to public health. This study shows a high bacterial 
load in Senilia senilis (Cockle) sold in Rivers State and the 
prevalence was of public health concern as compared with 
recommended standards for seafoods. From the study, it 
can be inferred that the risk of E. coli infection is higher in 
the raw sample than the shucked sample.  E. coli resistance 
to several groups of antibiotics which poses a serious public 
health problem has been confirmed by this study and 
Nalidixic acid, Streptomycin and Gentamicin have been 
identified as drugs of choice for E. coli associated foodborne  



 
 
 
 
diseases from this source and the aim of this study was 
achieved. Enhanced sanitary conditions are strongly 
recommended for the market and the environments, and 
campaigns which are geared towards educating the general 
public on the danger of the indiscriminate use of antibiotics 
is recommended to check the proliferation of antibiotic 
resistance strains. 
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