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Abstract We evaluated the antibiogram profile of Escherichia
coli (n=300) isolated from selected rivers in Osun State, Nigeria.
The identities of the E. coli isolates were confirmed by polymer-
ase chain reaction (PCR) technique. Susceptibility of the isolates
to 20 antibiotics conventionally used in clinical cases was
assessed in vitro by the standardized agar disc-diffusion method.
All the isolates were susceptible to imipenem, meropenem,
amikacin and gatilofloxacin. The isolates were variously suscep-
tible to the other antibiotics as follows: ciprofloxacin (96 %),
kanamycin (95 %), neomycin (92 %), streptomycin (84 %),
chloramphenicol (73 %), nalidixic acid (66 %), nitrofurantoin
(64 %), gentamycin (63 %), doxycycline (58 %), cefepime
(57%), tetracycline (49%) and cephalothin (42%). Themultiple
antibiotic resistance indexing ranged from 0.50 to 0.80 for all the
sampling locations and exceeded the threshold value of 0.2,
suggesting the origin of the isolates to be of high antimicrobial
usage. Our findings signify an increase in the incidence of
antimicrobial resistance of E. coli towards conventionally used
antibiotics necessitating proper surveillance programmes to-
wards the monitoring of antimicrobial resistance determinants
in water bodies.
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Introduction

Antimicrobial agents play an indispensable role in reducing
morbidity and mortality associated with infectious diseases in

animals and humans. However, selective pressure exerted by
the exaggerated use of antimicrobials has been the main
driving force in the emergence and spread of drug resistance
traits among pathogenic and commensal bacteria (Aarestrup
et al. 2008). The selection and spread of multi-drug resistance
(MDR) organisms can often be traced to complex socioeco-
nomic and behavioural antecedents, and it has contributed to
the ever-increasing challenge of antibiotic resistance world-
wide (Okeke et al. 1999; Mc Manus and Stockwell 2001;
Silbergeld et al. 2008; Ghafur 2010). Surveillance data indi-
cate that resistance in E. coli is consistently higher for antimi-
crobials that have been in use for a long time in human and
veterinary medicine (USFDA and NARMS 2008). Further-
more, antimicrobials are poorly absorbed in the gut of animals
and humans and end up being excreted unchanged in faeces
and urine, eventually finding their way into the environment
through the disposal of sewage, hospital wastewater and ani-
mal wastes (Schlusener and Beste 2006). Antibiotic-resistant
bacteria have been noticed in various aquatic habitats, includ-
ing treated and untreated wastewaters (Anderson and Sobrey
2006; Shehabi et al. 2006), rivers (Cernat et al. 2002) and
marine water (Boehm et al. 2003).

Surface waters have emerged as reservoirs of faecal coli-
forms exhibiting multiple antimicrobial resistance owing to
the discharge of municipal sewage and wastes from animals,
industries and hospitals (Bruneau et al. 2004; Edge and Hill
2005; Qadri et al. 2005; Hamelin et al. 2006). This is because
freshwater milieus are readily accessible for the discharge of
wastewater, which may contain antimicrobial residues and are
therefore, easily contaminated (Hirsch et al. 1999). Microbial
indicators have been used worldwide as a tool to indicate the
contamination of water by human wastes, and the occurrence
of Escherichia coli in drinking water is an indication of faecal
contamination and probable incidence of waterborne diseases
that are injurious to health (Sivanadham et al. 2012; WHO
2010). Bacterial contamination of surface water, and
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particularly contamination with faecally derived bacteria, has
long been a water quality concern owing to the potential for
disease transmission.

The discovery of penicillin in the 1940s and several other
antimicrobials in subsequent years led to great improvements
in the management of infectious diseases (Norrby et al. 2005).
Despite this great achievement, the indiscriminate use of
antimicrobials has led to the inevitable development of resis-
tance, as diseases and disease agents are now re-emerging in
new forms resistant to antimicrobial therapy (Levy and Mar-
shall 2004), rendering the current drugs used for treatment
useless (Hancock 2005).

Antibiotic resistance indexing (ARI) is an excellent tool
that enables one to determine the dissemination and preva-
lence of bacterial resistance in a given population at a speci-
fied location (Tandra and Sudha 2014). Isolates from water
sources contaminated with antibiotics often give an ARI value
>0.2, which is an indication of high-risk source of contami-
nation. However, when antibiotics are seldom or never used,
an ARI value <0.2 is observed (Krumperman 1983). A bac-
terium is termed multiple antibiotic resistant (MAR) if it is
found to be resistant to three or more antimicrobials
(Manjusha et al. 2005). Antimicrobial resistance increasingly
compromises the treatment of many infections that were until
recently, controllable, and so remain the most common dis-
eases in Africa. The global challenge of antimicrobial resis-
tance is particularly pressing in developing countries like
Nigeria, where the infectious disease burden is high and cost
constraints prevent the widespread application of newer and
more expensive agents (Okeke et al. 2005).

Globally, about 191 million people rely on surface water as
their main source of drinking water with sub-Saharan Africa
facing the greatest challenge (WHO 2012). Almost 90 % of
child deaths from diarrhoeal diseases are directly linked to
contaminated water, inadequate sanitation and hygiene
(UNICEF 2013). E. coli remain one of the major causes of
morbidity and mortality in infants and young children espe-
cially when these diseases fail to be cured due to development
of resistance to commonly prescribed antimicrobials (Okeke
and Sosa 2003). The present study aimed at determining the
high-risk contamination of water by indexing the frequency at
which multi-drug resistant E. coli organisms occurred in se-
lected surface waters fromOsun State, South-western Nigeria.

Materials and methods

Description of study area and sampling sites

Water samples were collected from ten rivers at different
locations in Osun State, South-western Nigeria. Table 1 shows
the description of the sampling sites. The sites were selected
after consultation with the State Ministries of Environment,

Water Resources, Lands and Housing for proper mapping of
the state rivers. The ten rivers were purposefully selected to
represent the three senatorial districts of Osun State, in addi-
tion to being the most popular and major rivers in the state.
The sampling locations were coded as follows: R1: Erinle-
Ede; R2: Ido-Osun; R3: Osun-Osogbo; R4: Oba-Iwo; R5:
Ejigbo; R6: Ilobu-Okinni; R7: Asejire-Ikire; R8: Shasha; R9
and Ila-Oke Ila, R10: Inisha-Okuku.

Sampling and isolation of presumptive E. coli

Water samples were aseptically collected monthly over a
period of 1 year from September 2011 to August 2012. All
samples were collected in 1.5-l sterile bottles and transported
on ice to the laboratory where they were processed within 6 h
of collection. The bottles were sterilized by autoclaving and
during sampling, were triple rinsed with sample water before
being filled. Analysis of water samples was performed ac-
cording to standard methods (APHA 1998). One hundred
milliliter (100 ml) aliquots of the water samples were filtered
through a 90-mm diameter, 0.45-μm pore-sized membrane
filters (Millipore, Ireland). The filters were incubated over-
night at 44.5 °C on eosin methylene blue agar (Oxoid, UK).
Characteristic metallic-sheen colonies were selected and puri-
fied by streaking on E. coli chromogenic agar (Conda
Pronadisa, Spain) plates before storing on glycerol for further
use.

PCR confirmation of E. coli isolates

All the presumptive E. coli isolates were subjected to poly-
merase chain reaction (PCR) technique for identification.
DNA extraction was done using the boiling method (Torres
et al. 2005; Maugeri et al. 2004). E. coli isolates were grown
on nutrient agar plates at 37 °C for 24 h. The colonies were
picked and suspended in 200-μl sterile distilled water,
vortexed and boiled at 95 °C for 15 min followed by centri-
fugation at 15,000 rpm for 10 min. The supernatant was
removed and stored at −80 °C for PCR confirmation. The
PCR conditions, with somemodifications, were in accordance
with the protocols described elsewhere (Yokoigawa et al.
1999; Daly et al. 2002; Moyo et al. 2007).

Primers specific for a conserved region situated within the
E. coli alanine racemase gene were selected [(F: 5´-CTGGAA
GAGGCTAGCCTGGACGAG-3´) and (R: 5´-AAAATCGG
CACCGGTGGAGCGATC-3´)]. The reaction mixture
contained 25 μl of PCR Master Mix (Thermo Scientific,
(EU) Lithuania), 0.5 μl each of oligonucleotide primer
(Inqaba Biotech, SA), 10 μl of template DNA and 14 μl of
nuclease free water to constitute a total reaction volume of
50 μl. PCR amplification was done using the following pro-
tocols: initial denaturation at 94 °C for 5 min followed by
35 cycles consisting of 30 s denaturation at 95 °C; primer
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annealing at 58 °C for 1 min; extension at 72 °C for 1 min and
a final extension step for 5 min at 72 °C. The amplicons (5 μl
aliquots) were resolved in 1.8 % (w/v) agarose gel (Merck,
SA) stained with 5 μl ethidium bromide (Sigma-Aldrich,
USA) and visualized under the Gel documentation system
(Alliance 4.7, France). A 100-bp DNA ladder (Thermo Sci-
entific) was included on the gel as a molecular size standard.
Electrophoresis was carried out at 100 V for 1 h. E. coliATCC
25922 was used as a reference strain (ATCC, USA).

Antibiotic susceptibility testing

Antimicrobial susceptibility tests were performed on the
E. coli isolates by the disc-diffusion method, as previously
described (Kirby-Bauer et al. 1966). To prepare the inocula for
antibiotic susceptibility testing, 4–5 lone colonies of an 18-h-
old culture were picked up with a sterile loop and transferred
to a micro-centrifuge tube containing 2 ml of 0.85 % physio-
logical sterile saline and gently vortexed to mix. The turbidity
of the resulting solution was adjusted to 0.5 McFarland stan-
dard solution (using 0.5 ml of 0.048MBaCl2 added to 99.5ml
of 0.18 M H2SO4 as a standard for comparison) which is
approximately equal to 1×108 cells/ml (McFarland 1907).
The turbidity of the bacterial suspension was adjusted by
either adding inocula or sterile saline solution as required
(Panda et al. 2012). One hundred microliter of the suspension
was then spread plated onto Mueller Hinton agar plates and
left to dry for 10 min prior to placing antibiotic discs on them.

A panel of 20 antibiotic discs (Mast Diagnostics, UK)
impregnated with amikacin (30 μg), streptomycin (300 μg),
kanamycin (30 μg), neomycin (10 μg), gentamycin (10 μg),

cefepime (30 μg), cephalothin (30 μg), cefuroxime (30 μg),
meropenem (10 μg), imipenem (10 μg), ciprofloxacin (5 μg),
ga t i lo f loxac in (5 μg) , na l id ix ic ac id (30 μg) ,
sulphamethoxazole (25 μg); nitrofurantoin (200 μg), chlor-
amphenicol (30 μg), tetracycline (30 μg), doxycycline
(30 μg), amoxycillin (25 μg) and ampicillin (25 μg) were
placed on the Mueller Hinton agar plates and incubated at
37 °C for 24 h. After incubation, the inhibition zone diameters
were measured and classified as resistant (R), intermediate (I)
and susceptible (S) to antibiotics according to the zone diam-
eter interpretation standard recommended by the Clinical and
Laboratory Standards Institute (CLSI 2010). Multiple
antibiotic-resistant phenotypes (MARPs) for each sampling
location were then generated for isolates that showed resis-
tance to three or more antimicrobials following the method of
Wose et al. (2010). The resistance pattern, number of antimi-
crobials to which the isolates were resistant, frequencies and
percentages were obtained from the result of antimicrobial
susceptibility testing.

The ARI for each sampling site was also determined using
the formula described by (Tandra and Sudha 2014). It was
mathematically expressed as:

ARI ¼ A
.
N Yð Þ;

A being the total number of resistant determinants record-
ed, N being the number of isolates and Y being the total
number of antibiotics tested.

The multiple antibiotic resistance index (MARI) for each
sampled location was equally derived using the mathematical

Table 1 Sampling sites description their location

Site code Site name Activities GPS coordinates

R1 Erinle-Ede Fishing, animal rearing, irrigation,
tourism and domestic purposes

7°44′44″ N; 4°29′22″ E

R2 Ido-Osun Animal rearing, fishing, irrigation,
domestic and recreational purposes

7°49′ 01″ N; 4° 26′41″ E

R3 Osun-Osogbo Farming, fishing,
habitation, tourism and worship
shrine

7°46′ 04″ N; 4°34′00″ E

R4 Oba-Iwo Fishing, domestic and recreational
purposes

7°38′ 01″ N; 4°11′20″ E

R5 Ejigbo Farming, fishing and domestic use 7°54′0″ N; 4°18′54″ E

R6 Ilobu-Okinni Car washing, swimming and
domestic use

7°50′06″ N; 4°29′14″ E

R7 Asejire-Ikire Fishing, irrigation, domestic and
industrial activities

7°25′44″ N; 4°13′14″ E

R8 Shasha Fishing, farming, palm oil
processing and domestic purposes.

7°22′32″ N; 4°28′11″ E

R9 Ila-Oke Ila Farming, irrigation, fishing and
domestic activities

8°01′50″ N; 4°59′03″ E

R10 Inisha-Okuku Fishing, irrigation and domestic
activities

8°01.32″ N; 4°42′11″ E
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expression of Blasco et al. (2008) which was given as:

MARindex ¼ a
.
b;

where a represented the number of antibiotics to which the
isolate was resistant and ‘b’ the total number of antibiotics
against which an individual isolate was tested.

Statistical analysis

Statistical analysis was performed using Statistical Package
for Social Sciences [(SPSS) IBM version 20 software]. One-
way analysis of variance (ANOVA)was done to determine the
variation in resistance among the isolates with respect to
different locations. Correlations and test of significance were
considered statistically significant when P values were >0.05.

Results

Table 2 showsmean annual presumptive and confirmedE. coli
counts obtained at each of the sampling sites while Fig. 1
shows the gel electrophoresis picture of E. coli confirmation
by PCR amplification of the uidA gene.

The lowest and highest counts were recorded in R7 and R9
with 83 and 41 CFU/ml, respectively. A total of 300 con-
firmed E. coli isolates, comprising 30 isolates from each study
site, was pooled together and subjected to antibiogram
analysis.

All the E. coli isolates were susceptible to all members of
imipenem, meropenem, amikacin and gatilofloxacin antimi-
crobials. Similarly, high sensitivities were detected against
ciprofloxacin (96 %), kanamycin (95 %), neomycin (92 %),
streptomycin (84 %) and chloramphenicol (73 %). Varied
susceptibilities were recorded for other antibiotics as follows:
nalidixic acid (66 %), nitrofurantoin (64 %), gentamycin
(63 %) and cefepime (57 %). Susceptibilities observed against
other antibiotics tested were below average as shown in Fig. 2.

All the isolates were resistant to sulphamethoxazole. High
levels of resistance were equally observed against amoxycillin
(59 %) and ampicillin (57 %) while the resistance to
cefuroxime at 40 % was slightly below average. The lowest
susceptibilities were observed against doxycycline (34 %) and
tetracycline (33 %). Others varied as follows: cephalothin
(29 %), gentamycin (24 %), nalidixic acid and nitrofurantoin
(19 %), amoxycillin (19 %), ampicillin (18 %) and streptomy-
cin (14 %) (Fig. 2).

Compilation of the MAR phenotypes indicated that about
75 % of E. coli isolates in this study exhibited resistance to
three or more antimicrobial agents. The frequency of MARPs

ranged from 24.8 to 2.2 % for MARPs 5 and 9, respectively.
When this was expressed in terms of prevalence, 4, 5, 10, 16,
20, 20 and 25 % of the isolates showed multiple antibiotic
resistance to nine, seven, eight, three, four, six and five anti-
microbials, respectively (Table 3). The highest prevalence of
MARPs across all the sampled sites was recorded in R7 at
70 % and lowest at R9 with 4.4 % (Fig. 3).

The predominant MARPs of the E. coli isolates, indicating
the numbers of antimicrobials, resistance patterns and fre-
quencies obtained in all the sampling sites, are presented in
Table 3.

Table 4 presents the ARI and MARI values of all the
sampling stations. In general, the MAR indices in all the river
samples were found to be higher than the 0.2 threshold value,
revealing imprudent use and greater exposure to antibiotics in
humans, aquaculture, poultry and livestock which may pose
high ecological risk to the waters. The MAR index actually
ranged from 0.5 to 0.8. The modal MAR index for the tested
isolates was 0.8 at R7 which is approximately four times the
0.2 limit while the lowest was at R9 with 0.5. This implies that
the burden of antibiotics being discharged into site R7 is
greater than others.

Generally, the one-way ANOVA showed that cefepime,
cephalothin, cefuroxime, nalidixic acid, nitrofurantoin, chlor-
amphenicol and tetracycline were not significantly different in
their effect against the isolates from all locations (P>0.05),
whereas the resistance profile of the isolates against
gentamycin, ciprofloxacin, sulphamethoxazole, ampicillin
and amoxicillin were significantly different (P<0.05).
Amikacin, kanamycin, streptomycin, meropenem, imipenem
and gatilofloxacin were statistically excluded from the analy-
sis since all tested isolates showed total susceptibility to these
antimicrobials.

A multiple comparisons analysis was done to determine the
resistance patterns of isolates to antimicrobials with respect to
isolate sources, i.e. R1–R10. We observed that the differences
in resistance patterns of the isolates to ciprofloxacin,
cefuroxime, gentamycin, nitrofurantoin, chloramphenicol,
doxycycline, tetracycline, ampicillin and amoxicillin were
not statistically significant in relation to sampling sites R1,
R2, R4, R5, R7 and R8. Similarly, isolates from all locations
(R1–R10) did not significantly differ in their resistance profile
to sulphamethoxazole as they were all resistant to it. The
homogeneous subsets analysis indicated over 60 % resistance
to the antimicrobials by isolates from over 70 % of the
locations; hence the widespread of antimicrobial resistance
in the surface water samples.

Discussion

The presumptive E. coli isolates were confirmed by PCR
technique by targeting the uidA gene. The uidA gene has been
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used in PCR assays for E. coli as a control amplicon due to the
shared ability to cleave the colisure indicator 4-
methylumbelliferyl-β-D-glucuronide (MUG) among different
strains (Bej et al. 1991). Antibiogram results also show that
E. coli isolates revealed resistance to more than one antimi-
crobial, similar to reports by other researchers (Reinthaler
et al. 2003; Noble et al. 2003; Lin et al. 2004). The finding
on the susceptibility pattern of the bacterial isolates to
imipenem and meropenem (cephems), amikacin, kanamycin,
neomycin and streptomycin (aminoglycosides) and
gatilofloxacin and ciprofloxacin (fluoroquinolones) is consis-
tent with that of other studies which reported high suscepti-
bility to imipenem and low resistance to the quinolones and
aminoglycosides, respectively (Osundiya et al. 2013;
Olayinka et al. 2009). Results from this study indicate that
gatilofloxacin and ciprofloxacin (fluoroquinolones) and
amikacin, kanamycin and streptomycin (aminoglycosides)
are the drugs of choice for E. coli infections, since none or
few of the isolates were resistant to them. This shows the
effectiveness of the fluoroquinolones and aminoglycosides,
and is in agreement with the finding which suggested the use
of these classes of antimicrobial agents against a range of
pathogens (Scheld 2003).

The antibiotic sensitivity patterns of the E. coli isolates
obtained in this research reveals that a larger percentage of

the E. coli was resistant to one or more of the antimicrobial
agents tested. The isolates’ resistance to ampicillin and amox-
ycillin, sulphamethoxazole, and chloramphenicol treatments
has been described elsewhere (Manikandan et al. 2011). Al-
though, sampling site R7 is a moderately populated place in
the state, the availability of the river has formed the basis for
industrial location (e.g. Bottling Company) and a large scale
fishing business at sites R4, R7 and R10, as a means of
livelihood for the inhabitants of the area. Fishing is common
in most of the sampling sites, hence the high possibility of
influence of domestic and industrial wastes into the environ-
mental waters and the likelihood of antimicrobials being
discharged into the waters is feasible as evidenced by the
present findings. Both the presence of human settlements
and small-scale industries are among the key factors that
may directly or indirectly contribute to the increasing resis-
tance of bacteria in the rivers, a finding that mirrors all the
sampling sites except R3, possibly because it is a sacred site.
The fact that some of these E. coli isolates showed high levels
of resistance to some of the antimicrobials used is an indica-
tion that the antibiotics may have been abused or overly used
for the treatment of bacterial infections hence, the possibility
of building resistance against the antimicrobials (Ramesh et al.
2010). Resistance to antimicrobial agents is most common in
areas with high usage of antibiotics such as hospitals

Table 2 Mean annual counts of the presumptive and confirmed E. coli isolates

Site code Site name Average annual
presumptive E. coli
count (CFU/100 ml)

Number of
confirmed
E. coli isolates

R1 Erinle-Ede 62 53

R2 Ido-Osun 56 49

R3 Osun-Osogbo 44 39

R4 Oba-Iwo 61 56

R5 Ejigbo 38 34

R6 Ilobu-Okinni 77 60

R7 Asejire-Ikire 83 76

R8 Shasha 72 67

R9 Ila-Oke Ila 41 36

R10 Inisha-Okuku 46 40

147 bp

1        2           3         4          5          6           7        8         9         10       11        12        13

100 bp

500 bp

1 kb

Fig. 1 PCR confirmation of E.
coli isolates from surface water.
Lane 1: molecular weight marker
(100 bp); lane 2: negative control;
lane 3: positive control (ATCC
25922); lanes 4–13: positive
isolates
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(Sternbuerg 1999). Patterns of multi-drug resistance have also
been observed in E. coli isolated from patients with urinary
tract infections (Sevanan et al. 2011). The detection of multi-
drug E. coli resistance in this study was neither shocking nor
surprising as some of the rivers act as sinks for hospital wastes
in upstream areas. The distribution and occurrence of E. coli
having reduced susceptibility to multiple antimicrobial agents
in surface water and other environmental media has equally
been reported (Boerlin et al. 2005; Sayah et al. 2005).

The development of antimicrobial resistance by the bacte-
ria to these drugs poses a major challenge in both human and
animal medicine because these drugs are commonly used in
animal and human therapeutic practices. Uncontrolled usage
of antibiotics in treatment of animals and their incorporation in
animal feeds has been suspected to account significantly to the
increase in antimicrobial resistance in pathogenic bacterial
isolates (WHO 2000; Galland et al. 2001). High E. coli resis-
tance to tetracyclines and penicillins has been observed by
many researchers (Al-Haj et al. 2007; Shitandi and Sternesjö
2001; O’Brien 1987). Animal rearing coupled with
slaughtering of animals are a common practice around sam-
pling locations R1, R2 and R8. Since these animals or poultry
have often been treated with antibiotics during their breeding,
the waste generated contains fairly high levels of antimicro-
bials. The high level of resistance to tetracyclines obtained in
this study may be as a result of it being the most commonly
available antimicrobial agent used as a growth promoter and
routine chemoprophylaxis among livestock in Nigeria
(Olatoye 2010). Penicillin and tetracycline are known to be
extensively used in developing countries to treat respiratory
infections, diarrhoea, mastitis and other infectious diseases in
beef and dairy cattle (Hart and Ariuki 1998; Okeke et al.
1995).

It is bothersome bearing in mind that tetracycline is a first-
line drug in Nigeria, and as in most developing countries,
people with gastrointestinal infections readily procure it across
the counter for self-prescription and medication (Chigor et al.
2010). Resistance was found to be relatively low against

streptomycin. This probably may be because of less exposure
to the antibiotic due to the discouraged use of the antibiotic
and the fact that it is usually administered intravenously
thereby restricting indiscriminate use (Cheesbrough 2000).
Results of a similar study revealed that more than 90 % of
E. coli isolates were multi-drug resistant to three or more
commonly used antibiotics (Olowe et al. 2008). All the
MDR isolates were resistant to sulphamethoxazole and most
to ampicillin, amoxycillin, cephalothin, cefuroxime and cefe-
pime. Findings from water samples of Southwest Nigeria also
showed that most of the E. coli isolates were resistant to
various antimicrobial agents ranging from two to seven kinds
including cotrimoxazole, tetracycline and amoxicillin (Lateef
et al. 2003). The study around Jimma, Ethiopia, showed that
almost all E. coli isolates from environmental sources were
found to be multi-drug resistant to the commonly used anti-
microbials including amoxicillin, tetracycline and
cotrimoxazole (Wolde-Tenssay 2002). Also, 96.7 % of E. coli
isolated from drinking water samples from Hyderabad, India
was found to be resistant to two to six antibiotics (Atif et al.
2010). Another similar report also indicated that bacterial
isolates from household drinking water demonstrated multiple
drug resistance to antibiotics (Obi et al. 2004).

Resistance patterns may demonstrate multiple resistances
to many antimicrobial agents phenotypically and genotypical-
ly and could present therapeutic consequences. Multiple re-
sistances capable of regional dissemination can emerge as a
result of antimicrobial selection pressure in either livestock or
humans. This increase in multidrug resistance is quite
alarming if coupled with the fact that such isolates harbour
plasmids on which these genes may be located, because they
are highly transferable (Aarestrup 1995; Levin et al. 1997).

The increased concentration ofmulti-drug resistant bacteria
in the aquatic environment creates selective pressures on
natural bacterial strains (Alpay-Karoglu et al. 2007). Basical-
ly, the influence of the various anthropogenic and other related
activities within the sampling sites might be a strong indica-
tion for a high-risk source contamination of water as
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Table 3 Patterns of multiple antibiotic resistance phenotypes (MARPs)
of E. coli isolates

№ of
antimicrobials

Resistance pattern No.
observed

Sampling site R1 (N=30)

3 SMX-T-CIP 1

SXM-A-DXT 2

SMX-CXM-G 2

SMX-A-AP 2

4 SMX-CPM-A-AP 1

SMX-G-T-DXT 1

SMX-C-G-AP 1

SMX-C-A-AP 1

SMX-DXT-A-AP 1

5 SMX-G-NA-A-AP 1

SMX-C-G-CXM-CPM 1

SMX-C-KF-A-AP 1

SMX-G-DXT-A-AP 1

SMX-DXT-T-A-AP 1

6 SMX-C-KF-G-A-AP 1

SMX-C-G-NA-A-AP 1

SMX-G-DXT-T-A-AP 1

7 SMX-CXM-KF-DXT-T-A-AP 1

8 SMX-C- G-NI-CXM-KF-A-AP 1

9 SMX-S-T-CXM-KF-DXT-NA-A-AP 1

Sampling site R2 (N=30)

3 SMX-T-AP 1

SMX-CXM-T 1

SMX-C-KF 2

SMX-A-AP 2

4 SMX-CXM-G-A 1

SMX-KF-A-AP 1

SMX-C-G-AP 1

SMX-C-A-AP 2

SMX-DXT-A-AP 2

5 SMX-C-S-G-NA 1

SMX-G-CXM-CPM-NA 1

SMX-A-CXM-KF-AP 1

SMX-G-DXT-A-AP 1

SMX-DXT-T-A-AP 2

6 SMX-NI-C-DXT-T-A 1

SMX-G-CXM-DXT-A-AP 1

SMX-T-CXM-KF-A-AP 2

SMX-G-DXT-T-A-AP 2

7 SMX-CXM-KF-DXT-T-A-AP 1

8 SMX-C-G-NI-NA-KF-A-AP 1

9 SMX-G-K-KF-DXT-T-CIP-A-AP 1

Sampling Site R3 (N=30)

3 SMX-C-NA 1

SMX-G-CPM 1

SMX-A-AP 1

Table 3 (continued)

№ of
antimicrobials

Resistance pattern No.
observed

4 SMX-G-CPM-NA 1

SMX-G-A-AP 1

SMX-C-A-AP 2

5 SMX-CXM-DXT-CIP-A 1

SMX-G-K-A-AP 1

SMX-DXT-T-A-AP 3

6 SMX-A-G-DXT-T-AP 1

SMX-G-T-CPM-DXT-AP 1

7 SMX-C-DXT-T-NA-A-AP 1

8 SMX-C-S-G-NE-CXM-NA-A 1

Sampling site R4 (N=30)

3 SMX-T-CIP 1

SMX-A-AP 2

4 SMX-CXM-DXT-AP 1

SMX-G-A-AP 1

SMX-G-CXM-CPM 1

SMX-DXT-A-AP 1

5 SMX-G-DXT-A-AP 1

SMX-CPM-NA-AP 1

SMX-C-DXT-A-AP 1

SMX-DXT-T-A-AP 1

6 SMX-CXM-CPM-NA-A-AP 1

SMX-KF-DXT-NA-A-AP 1

7 SMX-C-DXT-T-NA-A-AP 1

8 SMX-C-S-CXM-CPM-DXT-A-AP 1

Sampling site R5 (N=30)

3 SMX-CXM-AP 1`

SMX-A-AP 1

4 SMX-G-A-K 1

SMX-G-A-AP 3

SMX-G-CXM-CPM 1

5 SMX-NI-CXM-CPM-KF 1

SMX-T-KF-A-AP 1

SMX-C-DXT-A-AP 1

6 SMX-C-G-KF-A-AP 1

SMX-G-KF-T-A-AP 1

7 SMX-G-NE-CXM-NA-A-AP 1

8 SMX-G-KF-DXT-T-NA-A-AP 1

Sampling site R6 (N=30)

3 SMX-DXT-NA 1

SMX-CPM-A 2

SMX-A-AP 2

4 SMX-G-DXT-T 1

SMX-CXM-AP 2

SMX-CXM-CPM-AP 1

SMX-G-K-A 1

SMX-G-CXM-CPM 1

SMX-DXT-A-AP 1
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Table 3 (continued)

№ of
antimicrobials

Resistance pattern No.
observed

5 SMX-T-CPM-DXT-AP 1

SMX-CXM-KF-NA-A 1

SMX-G-CXM-A-AP 1

SMX-KF-DXT-A-AP 3

SMX-DXT-T-A-AP 2

6 SMX-G-KF-DXT-T-A-AP 1

SMX-G-KF-DXT-NA-AP 1

SMX-G-DXT-T-A-AP 1

7 SXM-NI-CXM-KF-G-A-AP 1

8 SMX-C-G-DXT-T-NA-A-AP 1

9 SMX-G-NI-CXM-KF-DXT-T-A-AP 1

Sampling site R7 (N=30)

3 SMX-G-A 1

SMX-A-NI 1

SMX-DXT-AP 1

SMX-K-A 2

SMX-G-CPM 2

SMX-A-AP 4

4 SMX-C-CXM-CPM 1

SMX-C-NA-A 1

SMX-KF-DXT-AP 1

SMX-G-K-A 1

SMX-G-CXM-CPM 1

SMX-DXT-A-AP 2

5 SMX-CXM-CPM-DXT-AP 1

SMX-CXM-CPM-DXT-A 1

SMX-T-CXM-KF-A 1

SMX-CXM-CPM-A-AP 1

SMX-G-T-A-AP 2

SMX-C-T-A-AP 3

SMX-DXT-T-A-AP 2

6 SMX-G-CPM-DXT-T-A-AP 1

SMX-C-KF-DXT-A-AP 1

SMX-A-NI-CXM-KF-G 2

SMX-G-NI-CPM-KF-AP 2

SMX-G-DXT-T-A-AP 3

7 SXM-NI-CXM-KF-G-A-AP 1

8 SMX-NI-CXM-KF-G-T-A-AP 1

SMX-G-NI-CXM-CPM-KF-A-AP 2

9 SMX-CXM-CPM-KF-DXT-NA-A-AP 1

Sampling site R8 (N=30)

3 SMX-NI-AP 1

SMX-KF-AP 1

SMX-CXM-KF 1

SMX-G-A 2

SMX-G-CPM 2

SMX-A-AP 2

4 SMX-CXM-CPM-A 1

Table 3 (continued)

№ of
antimicrobials

Resistance pattern No.
observed

SMX-C-DXT-A 1

SMX-CXM-CPM-AP 1

SMX-G-K-A 1

SMX-T-A-AP 1

SMX-DXT-A-AP 1

5 SMX-CPM-DXT-A-AP 1

SMX-CPM-KF-A-AP 1

SMX-G-CXM-CPM-CIP 1

SMX-G-T-A-AP 2

SMX-C-T-A-AP 3

SMX-DXT-T-A-AP 2

6 SMX-C-CXM-DXT-A-AP 1

SMX-G-KF-DXT-A-AP 1

SMX-G-CXM-KF-A-AP 2

7 SXM-NI-CXM-KF-G-A-AP 1

8 SMX-G-KF-DXT-NA-A-AP 1

SMX-C-G-NI-KF-DXT-A-AP 3

9 SMX-NE-CXM-CPM-KF-DXT-NA-A-
AP

1

Sampling site R9 (N=30)

3 SMX-G-CPM 1

SMX-A-AP 1

4 SMX-NA-A-AP 1

SMX-T-A-AP 1

5 SMX-C-CXM-CPM-A 1

SMX-CPM-DXT-NA-AP 1

6 SMX-CPM-KF-DXT-A-AP 1

SMX-T-CXM-KF-A-AP 1

7 SMX-C-S-T-CXM-KF-AP 1

8 SMX-C-G-K-DXT-T-A-AP 1

Sampling site R10 (N=30)

3 SMX-DXT-KF 1

SMX-A-AP 1

SMX-CXM-G 2

4 SMX-G-DXT-NA 1

SMX-CXM-A-AP 2

SMX-T-A-AP 1

5 SMX-G-DXT-A-AP 1

SMX-CXM-KF-DXT-A 1

6 SMX-C-T-CXM-A-AP 1

SMX-C-CXM-NA-A-AP 1

SMX-G-DXT-T-A-AP 1

7 SMX-NI-CXM-KF-DXT-A-AP 1

8 SMX-G-KF-K-DXT-T-A-AP 1

SMX Suphamethoxazole, T Tetracycline, CIP Ciprofloxacin, A
Amoxycilin, DXT Doxycycline, CXM Cefuroxime, G Gentamycin, AP
Ampicilllin, CPM Cefepime, C Chloramphenicol, NANalidixic acid, KF
Cephalothin, NI Nitrofurantoin, S Streptomycin, K Kanamycin, NE
Neomycin
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evidenced by the widespread antimicrobial resistance in the
environment since their MARI values were by far greater than
the threshold value of 0.2. Based on the comparison of MAR
indices for E. coli isolates from a variety of sources, a sugges-
tion was made by (Krumperman 1983) to use a MAR index of
0.2 for differentiating between low- and high-risk contamina-
tion, although he acknowledged that this value was arbitrary.
Occurrence of antibiotic-resistant bacteria in a given environ-
ment may be an indication that an area is contaminated with
antimicrobials (Gunaseelan and Ruban 2011). For example,
Al-Bahry et al. (2009) suggested that themain reasons causing
marine environmental contamination were improper and un-
necessary use of antimicrobial drugs by human and animals.

Two major intrinsic mechanisms were reported to confer
bacterial resistance to multiple antimicrobial drug classes:
mutations in outer membrane porins resulting in reduced
permeability to antimicrobials and over expression of

multidrug efflux pumps, which tend to pump out antibiotics
before they have the opportunity of acting on their target.
Multiple antibiotic-resistant bacterial strains may also arise
due to dissimilar mechanisms accumulating sequentially in
an organism (Navon-Venezia et al. 2005). The observation on
highMAR indices indicates that isolates originated from high-
risks source(s) of contamination where antibiotics are fre-
quently used and high levels of antibiotics usage and resis-
tance have been found to be associated with animal husbandry
(Paul et al. 1997; Bohm et al. 2004).

Conclusion

Confirmation of the presence of E. coli in river water samples
in Osun State, South-western Nigeria, indicates faecal con-
tamination and the possible presence of other enteric
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Fig. 3 Frequency distribution of
multiple antibiotic resistance
phenotypes of E. coli isolates

Table 4 Predominant antibiotic resistance patterns of E. coli isolates from different sampling locations

Antimicrobial agents

Sampling
locations

AK S K NE G CPM KF CXM MEM IMI CIP GAT NA SMX NI C DXT T AP A Total ARI MARI

R1 0 0 1 0 5 21 8 13 0 0 0 0 2 30 4 5 9 5 17 12 132 0.022 0.65

R2 0 1 1 0 3 19 13 18 0 0 0 0 9 30 7 3 18 10 21 19 172 0.029 0.70

R3 0 0 0 2 2 5 3 7 0 0 0 0 0 30 3 12 8 1 16 11 100 0.017 0.60

R4 0 1 0 1 3 10 9 13 0 0 0 0 6 30 1 8 12 5 20 21 140 0.023 0.70

R5 0 0 0 0 3 2 3 9 0 0 0 0 0 30 2 11 3 1 12 11 87 0.015 0.55

R6 0 1 0 0 4 12 11 19 0 0 1 0 12 30 7 4 7 6 22 24 160 0.026 0.70

R7 0 2 2 1 8 25 21 24 0 0 1 0 10 30 10 7 16 11 24 25 217 0.036 0.80

R8 0 1 0 1 5 5 14 19 0 0 1 0 5 30 9 10 8 6 21 23 158 0.026 0.75

R9 0 0 0 1 3 0 2 5 0 0 0 0 0 30 2 1 0 1 7 12 64 0.011 0.50

R10 0 0 0 0 3 6 4 17 0 0 0 0 0 30 5 4 2 7 12 19 109 0.018 0.55

Total 0 6 4 6 39 105 88 144 0 0 3 0 44 300 50 65 83 53 172 177 1,326

AK Amikacin, S Streptomycin, K Kanamycin, NE Neomycin, G Gentamycin, CPM Cefepime, KF Cephalothin, CXM Cefuroxime,MEMMeropenem,
IMI Imipenem, CIP Ciprofloxacin, GAT Gatilofloxacin, NA Nalidixic acid, SMX Sulphamethoxazole, NI Nitrofurantoin, C Chloramphenicol, DXT
Doxycycline, T Tetracycline, APAmpicillin, A Amoxycillin
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pathogens. Multiple antibiotic-resistant phenotypes and indi-
ces evaluated suggest increased presence of antibiotic-
resistant E. coli in the surface waters tested and the prevalence
can lead to serious health risk for communities that depend on
the waters for sundry purposes. Resistant bacterial strains will
continue to emerge unless indiscriminate use of drugs is
curtailed by public awareness programmes coupled with en-
forcement of legislation that limits the prescription and dis-
pensing of antimicrobials to only qualified professionals. Our
findings indicate a high incidence of antimicrobial resistance
of E. coli towards the conventionally used antibiotics. There
is, therefore, a need for good surveillance programmes to
monitor antimicrobial resistance patterns in water bodies.
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