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ABSTRACT

A measured Escherichia coli level in drinking water is perhaps the most popular means of determining human health risks 
globally. Water samples from wells, boreholes and sachet water, the 3 predominant sources of drinking water in the study area
were evaluated for the presence of bacteria, particularly E coli. Bacteria isolation was done using standard microbiological 
procedures while identification of isolates was done using cultural, morphological and biochemical characteristics. 
Enumeration of standard plate count was done by spread plate method on serially diluted water samples. The prevalence of E 
coli in the water samples and the activities of cefoxitin, fusidic acid, meticillin, penicillin and vancomycin against the E coli
isolates and the susceptibility testing data were obtained using Kirby Bauer method. A total of six bacteria species Escherichia 
coli, Pseudomonas aeruginosa, Bacillus cereus, Klebsiella pneumonia, Staphylococcus aureus, Enterobacter aerogenes were 
isolated from water samples obtained from borehole, well and sachet water samples in the study area. The mean bacteria counts 
ranged between 3.74 x 104 to 1.65 x 102 CFU/ml for well and borehole water and 0.81 to 5.1 x 102 CFU/ml for sachet water 
samples. Out of the 6 E coli strains representing 27.2% of the isolated bacteria species; two, representing 33.3% of the strains 
showed moderate to high resistance against meticillin. These findings are expected to motivate public health stakeholders in the 
study location to attempt reducing the growing resistance of pathogenic bacteria in the environment, and their ecotoxic effects.
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RÉSUMÉ
Un niveau d'Escherichia coli mesurées dans l'eau potable est peut-être le moyen le plus populaire de la détermination des 
risques pour la santé humaine à l'échelle mondiale. Des échantillons d'eau de puits, de forages et de l'eau de sachet, les trois 
principales sources d’eau potable dans la zone d'étude ont été évalués pour la présence de bactéries, en particulier E. coli. 
L'isolement de bactéries a été effectué en utilisant des procédures microbiologiques standard tandis que l'identification des
isolats a été effectuée à l'aide des caractéristiques culturelles, morphologiques et biochimiques. Énumération de nombre de 
plaque standard a été effectuée par la méthode de la plaque de propagation sur des échantillons d'eau dilués en série. La 
prévalence de E. coli dans les échantillons d'eau et les activités de la céfoxitine, l'acide fusidique, la méticilline, la pénicilline et 
de la vancomycine contre les isolats de E. coli et les données de tests de sensibilité ont été obtenus en utilisant la méthode de 
Kirby Bauer. Un total de six espèces de bactéries :Escherichia coli, Pseudomonas aeruginosa, Bacillus cereus, Klebsiella 
pneumoniae, Staphylococcus aureus, Enterobacter aerogenes ont été isolés à partir d'échantillons d'eau provenant de puits, de 
forage et des échantillons d'eau de sachet dans la zone d'étude. Les bactéries, les valeurs moyennes se situaient entre 3,74 x 104 à 
1,65 x 102 UFC / ml pour le bien et l'eau de forage et de 0,81 à 5,1 x 102 UFC / ml pour les échantillons d'eau de sachet. Sur les 6 
souches d'E.coli représentant 27,2% des espèces de bactéries isolées ; deux (33,3 %) des souches ont montré une résistance 
modéré à haute à la pénicilline. Ces résultats devraient inciter les intervenants en santé publique dans le lieu de l'étude de 
tenter de réduire la résistance croissante des bactéries pathogènes dans l'environnement et leurs effets écotoxiques.

Mots clés: Résistance aux antibiotiques, pénicilline, qualité l’eau, E. coli.
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INTRODUCTION                                                                                                                                                                    
About 2.5 billion people, roughly 40% of the world 
population lack access to safe drinking water (1). This 
teeming population of people are at risk of contacting 
water borne diseases, the most susceptible being 
children, the elderly, pregnant women and 
immunocompromised individuals. This makes water-
borne illnesses one of the five leading causes of death 
among children under age five (2). 40% of deaths in 
developing nations occur due to infections from water 
related diseases and an estimated 500 million cases of 
diarrhoea, occurs every year in children below 5 years 
in parts of Asia, Africa and Latin America (3, 4). In 
Nigeria, drinking water pollution is further 
exacerbated due to the alarming rate of urbanization 
as major cities reportedly grow at rates between 10-
15% per annum (5) and thus, human activities 
including soil fertility remediation, indiscriminate 
refuse and waste disposal, and the use of septic tanks, 
soak-away pits and pit latrines are on the increase. 
Groundwater pollution has been attributed to the 
process of industrialization and urbanization that has 
progressively developed over time without any 
regard for environmental consequences which 
eventually results in the deterioration of physical, 
chemical and biological properties of water (6, 7).

Microbial faecal contamination indicators of drinking 
water are Escherichia coli, Clostridium spp., Streptococci 
spp (8) and other bacteria that could be of human or 
non-human origin. Escherichia coli, particularly those 
possessing virulence markers as; haemolysin, 
verocytotoxin and belonging to the enteropathogenic 
serotypes have been responsible for gastroenteritis in 
humans (9). Drinking water safety guidelines and 
water quality regulations throughout the world rely 
on measured E. coli levels to indicate human health 
risks (10). 

Antimicrobial resistance in Enterobacteriaceae poses a 
critical public health threat, especially in the 
developing countries (4, 11). Much of the problem has 
been shown to be due to the presence of transferable 
plasmids encoding multidrug resistance and their 
dissemination among different enterobacterial species 
(12). Escherichia coli O157 is an important food-borne 
and water-borne pathogen with a worldwide 
distribution (13). The first reported outbreak of E. coli 
O157 infection in the developing world occurred in 
1992 in Southern Africa (14). Outbreaks have also 
occurred in Central African Republic in 1996 and 
Cameroon, in 1997 (15). Such outbreaks have been 
linked to contaminated bovine food products, 
contaminated drinking water and flood irrigation 
with water contaminated by animal feces or surface 

runoff and cattle feces have been implicated as the 
major source of contamination (14).

The emergence of antimicrobial resistance is usually 
preceded by antimicrobial misuse; however, 
surveillance of the spread of antimicrobial-resistant 
pathogens is expected to play a very important role in 
reducing the rate of emergence and spread of 
antimicrobial-resistant pathogens since such early-
warning signals make timely intervention possible. 
The present work examines the prevalence of 
antimicrobial-resistant strains of E. coli in the study 
area.  Such monitoring can aid the infection-control 
community in reducing the emergence and spread of 
antimicrobial-resistant pathogens. Moreover, more 
work is being carried out to further characterize and 
to elucidate the mode of development of resistance in 
these isolated strains of E. coli.

MATERIALS AND METHODS
Water samples were obtained from 3 urban locations 
of Obafemi Owode Local Government, Ogun State 
namely, Mowe (N 06˚ 48. 220΄ E 003˚ 26. 167΄), 
Imendu-Nla (N06˚ 48. 241 E003˚ 26. 303΄) and Loburo 
(N 06˚ 49. 240΄ E 003˚ 27. 033΄) communities between 
January and March, 2010. Bore-hole water collected at 
three different locations was designated B1, B2, and 
B3. Well water also collected at three different 
locations was designated W1, W2, and W3. The sachet 
water samples were purchased based on popularity at 
three different locations and were designated as S1, 
S2, S3, S4 and S5. Samples were labelled accordingly 
and taken to the laboratory for analyses within few 
hours after sampling. Physical characteristics such as 
specific odour and appearance and presence of 
extraneous materials and floating particles in the 
water samples were noted. Moreover, features 
external to the water itself such as the label and 
presence of certification number and other product 
information of the sachet water samples were also 
noted. 
Total heterotrophic bacteria count of the drinking 
water samples was determined using pour plate 
method. The plates were inoculated aerobically at 
37˚C for 24hours. The total coliform bacteria were 
determined using the multiple tube fermentation tests 
and the calculated coliform density computed by the 
Most Probable Number (MPN) procedures (16). All 
measurements of parameters were made in triplicates. 
Results obtained were statistically analyzed using 
Analyse-it® v. 2.20, statistical software for Microsoft 
Excel. Variations were considered significant at 
p≤0.05. 
5 Antibiotic disks were obtained from Oxoid (Oxoid 
Ltd., Cambridge, UK): fusidic acid (10µg), penicillin 
(10 units), cefoxitin (30µg), meticillin (10µg) and 
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vancomycin (30µg). Antimicrobial susceptibility 
testing was performed using a disk diffusion method 
according to the Clinical and Laboratory Standards 
Institute (CLSI) guidelines (17). Quality control was 
performed using test strain E. coli ATCC 25922. 

RESULTS                                                                                                                                                                                
Physical examination of the untreated water samples 
from boreholes and wells examined in the present 
study revealed that none of the well water samples 
met the WHO standards for physical appearance. The 
well water samples were turbid and/ or with odour, 

unlike the samples from the borehole that were 
colourless, odourless and with no particles as 
recommended by the WHO (Table 1). Moreover, a 
visual appraisal of the wells and boreholes reveals 
that these were located within less than an average of 
30 meters from a septic tank or waste dump. On the 
other hand, apart from displaying the manufacturer’s 
name, address and NAFDAC number, none of the 
treated sachet water brands showed other necessary 
information such as batch number, date of 
manufacture and best before date (Table 2). 

TABLE 1: RESULTS OF PHYSICAL EXAMINATION OF WATER SAMPLES

Water Source Colour/ Turbidity Odour Particles
B1 Colourless Odourless None
B2 Colourless Odourless None
W1 Slightly turbid Slight odour Few particles
W2 Colourless Odourless Few particles
W3 Slightly turbid Slight odour Suspended solids
S1 Colourless Odourless None
S2 Colourless Odourless None
S3 Colourless Odourless None
S4 Colourless Odourless None
Key: B1 = borehole water samples from Imedu Nla;  B2 = borehole water samples from Mowe;  W1 = well water samples from 
Imedu Nla;   W2 = Well water samples from Mowe;  W3 = well water samples from Loburo;  S1 = sachet water brand no. 1;        
S2 = sachet water brand no. 2;  S3 = sachet water brand no. 3;  S4 = sachet water brand no. 4

TABLE 2: RESULTS OF PHYSICAL EXAMINATION FOR LABELLING COMPLIANCE OF SACHET WATER SAMPLES

Samples NAFDAC
number

Best before 
date

Manufacturing date Nutritional 
information

Batch 
number

Producer’s 
name &
address

S1 + - - - - +
S2 + - - - - +
S3 + - - - - +
S4 + - - - - +
S5 + - - - - +
Key:  S1 = sachet water brand no.1;   S2 = sachet water brand no. 2;   S3 = sachet water brand no. 3;   S4 = sachet water brand no. 
4;  S4 = sachet water brand no. 4;   +: Displayed on sample label;   - : Not displayed on sample label

Out of the 22 distinct bacteria isolates obtained from 
the water samples, the frequency of occurrence of E. 
coli was the highest (Table 3). 6 E coli isolates 
representing 27.27% of the total was recovered from 
the water samples from all sources except the treated 
sachet water samples S1, S2, S3 and S4. E coli was 
isolated from water samples from all the untreated 
water sources namely location B1, B2, W1, W2, W3 
including a treated water source, sachet water S5.  
This was followed by a frequency of 5 out of 22 
isolates representing 22.73% each for Staphylococcus 
aureus and Enterobacter aerogenes (Table 3). Other 
bacteria species isolated from the water samples 
include Pseudomonas aeruginosa, Bacillus cereus and 
Klebsiella pneumonia each with a frequency of 
occurrence of 2 out of the total of 22 isolates 
representing 9.09% (Table 3). The widest variety of 

bacterial organisms was isolated from well water W1, 
which also had some odour and was slightly turbid.  

Water samples from location B1 displayed the highest 
bacterial load with a standard plate count of 
3.74x102cfu/ml, water samples from this location was 
also found to contain coliform bacteria (Table 4). This 
is significantly higher than the bacterial load recorded 
for treated or untreated water samples from other 
locations (Table 4). Moreover, none of the treated 
sachet water samples contained coliforms, although a 
standard plate count revealed no significant 
difference in colony counts between the treated and 
untreated water sources with the exception of water 
samples from location B1 which displayed the highest 
standard plate count (Table 4).



With the exception of Bacillus cereus and the control 
organism (E. Coli ATC 25922), all the tested isolates 
were resistant to penicillin and vancomycin. On the 
other hand, with the exception of Enterobacter 
aerogenes which displayed resistance, all the 
organisms were highly susceptible to fusidic acid. 
Moreover, only E. aerogenes displayed resistance to 
cefoxitin, all the other assessed isolates were highly 
susceptible to both cefoxitin and fusidic acid. 33.3% of 
the E. coli isolates were meticilin resistant, while all 
the B. cereus isolates were assessed to be resistant to 
meticilin. All the isolates of the other organisms 
(regardless of whether they are gram negative or 
positive) namely, P. aeruginosa, K. pneumoniae, S. 
aureus, E. aerogenes including the control were highly 
susceptible to meticilin (Tables 5a and 5b). 

DISCUSSION
The absence of municipal piped water has forced 
residents of the Mowe metropolis to rely on untreated 
ground water sources such as wells and boreholes, 
although sachet water is also available as a treated 
water source. Results of the present study showing 
that the water samples failed to meet the WHO 
standards for microbial contamination is not 
surprising since the commonest causes of ground 
water pollution can be easily observed in these 
locations. These activities include exposure to 
contamination due to human activities. The wells are 

often not covered and residents could be found 
washing clothes and dirty kitchen wares and 
sometimes bathing around the wells. 

Other possible damaging environmental factors 
attributable to the low bacteriological quality of 
drinking water in these communities include poor 
town planning, dilapidated infrastructure and 
indiscriminate citing of wells and boreholes near 
septic tanks. A clear positive correlation between 
location of wells and significant increases in bacterial 
counts is well documented (18, 19). Leachate from 
septic systems has been identified as a major potential 
source of groundwater contamination from pathogens 
such as bacteria, viruses, helminths, and protozoa, 
nutrients such as nitrogen and phosphorus (20, 21). 
The more advanced countries of the United States, 
Canada and the United Kingdom have set a 
minimum standard distance of 15.24 m (50 ft) 
between septic systems and ground water meant for 
human and livestock uses (22). The presence of 
coliforms in the untreated well and borehole water 
samples from the present study is a clear indication of 
faecal contamination. Although the treated sachet 
water samples from these communities contained no 
coliforms, the bacterial load in the water samples
remains higher than the set WHO limits. 

TABLE 3: FREQUENCY OF OCCURRENCE OF BACTERIAL ISOLATES FOUND IN THE WATER SAMPLES
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Escherichia coli 6 27.27 + + + + + - - - - +
Pseudomonas 

aeruginosa
2 9.09 - - + - + - - - - -

Bacillus cereus 2 9.09 + - - + - - - - - -
Klebsiella 

pnuemoniae
2 9.09 - - + + - - - - - -

Staphylococcus 
aureus 

5 22.73 - - + + + - - - + +

Enterobacter 
aerogenes

5 22.73 + + + - + - - - - +

Total 22 100 3 2 5 4 4 0 0 0 1 3
Legend:  B1 = borehole water samples from Imedu Nla;  B2 = borehole water samples from Mowe;  W1 = well water samples 
from Imedu Nla;     W2 = Well water samples from Mowe; W3 = well water samples from Loburo;  S1 = sachet water brand no. 1; 
S2 = sachet water brand no. 2;  S3 = sachet water brand no. 3; S4 = sachet water brand no. 4
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TABLE 4: TOTAL BACTERIA COUNT IS EXPRESSED IN COLONY FORMING UNITS (CFU) WHILE THE COLIFORM 
COUNT IS EXPRESSED IN MOST PROBABLE NUMBER (MPN) AS DESCRIBED IN CHEESEBROUGH (2000). VALUE WITH 

ASTERISK IS SIGNIFICANT AT P≥0.05, Χ2= 2.618, DF= 18.

SAMPLES

BACTERIAL LOAD (CFU/MPN)

Standard plate count 
(cfu/ml)

Total coliform count 
(MPN)

LOCATION B1 3.74x 102*  180

LOCATION B2 0.98x 102  160

LOCATION W1 1.51x 102  160

LOCATION W2 0.78x 102  160

LOCATION W3 1.65 x102  160

SACHET 1 0.81 x 102 Nil 

SACHET 2 0.59 x102 Nil

SACHET 3 0.51x102 Nil

SACHET 4 0.85x102 Nil

SACHET 5 0.90x102 Nil

TABLE 5A: ANTIBIOTIC SUSCEPTIBILITY PATTERN (%) OF GRAM NEGATIVE BACTERIA ISOLATES

No. of 
Isolates 
tested

Organism isolated Fusidic
Acid 

Penicillin Cefoxitin Meticilin Vancomycin

6 Escherichia coli S 
0.0

R
100

S
0.0

R
33.3

R
100

2 Pseudomonas 
aeruginosa

S
0.0

R
100

S
0.0

S
0.0

R
100

2 Klebsiella 
pnuemoniae

S
0.0

R
100

S
0.0

S
0.0

R
100

5 Enterobacter 
aerogenes

R
100

R
100

R
100

S
0.0

R
100

Control E. coli 

(ATC 25922)

S
0.0

S
0.0

S
0.0

S
0.0

S
0.0

Key: S=Sensitive/susceptible; R= Resistant      
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TABLE 5B: ANTIBIOTIC SUSCEPTIBILITY PATTERN (%) OF GRAM POSITIVE BACTERIA ISOLATES

No. of 
Isolates 
tested

Organism isolated Fusidic
Acid 

Penicillin Cefoxitin Meticilin Vancomycin

2 Bacillus cereus S
0.0

S
0.0

S
0.0

R
100

R
100

5 Staphylococcus aureus S
0.0

R
100

S
0.0

S
0.0

S
0.0

Control E. coli 

(ATC 25922)

S
0.0

S
0.0

S
0.0

S
0.0

S
0.0

Key: S=Sensitive/susceptible R= Resistant      

Antibiotics are used extensively to prevent or treat 
microbial infections in human and veterinary 
medicine. Apart from their use in aquaculture, they 
are also employed to promote more rapid growth of
livestock. Most of the compounds used in medicine 
are only partially metabolized by patients and are 
then discharged into the sewage system or end up in 
the environment, mainly in the groundwater 
compartment (23). There is increasing concern about 
the growing resistance of pathogenic bacteria in the 
environment, and their ecotoxic effects. Increasingly, 
antibiotic resistance is seen as an ecological problem. 
This includes both the ecology of resistance genes and 
that of the resistant bacteria themselves. Little is 

known about the effects of sub-inhibitory 
concentrations of antibiotics and disinfectants on 
environmental bacteria, especially with respect to 
resistance. The results of the present study showing 
that 33.3% of the E. coli isolates from well and 
borehole samples were meticilin resistant. The present 
results is a warning signal to all stakeholders in 
community health in the study location to direct 
action at protecting drinking water from faecal 
contamination and limiting persistence of 
antimicrobials in groundwater. Future studies will 
focus on determining the genetic source(s) of the 
observed antimicrobial resistance. 
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