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Abstract: Bacterial organisms producing extended-spectrum beta-lactamases (ESBLs) are becoming a major 
problem in infectious disease units globally; and this is due in part to the multidrug resistance nature of these 
pathogens – which makes it difficult to select antibiotics for the treatment of infections that they cause. This study 
was carried out to determine the antibiotic susceptibility pattern and ESBL production among feacal isolates of 
Escherichia coli and Klebsiella pneumoniae in asymptomatic healthy individuals in the community. A total of 192 
feacal samples collected between September 2011 and June 2012 were bacteriologically cultured onto Eosin 
Methylene Blue (EMB) agar plates supplemented with 1 µg/ml of either ceftazidime or cefotaxime. Positive cultures 
were screened for antimicrobial susceptibility using the Kirby – Bauer sensitivity testing method. All the recovered 
test isolates were identified based on standard biochemical/microbiological techniques. Presumptive ESBL 
producing isolates were phenotypically confirmed by the double disc synergy test (DDST) method. Eight (17.02 %) 
isolates were found to be ESBL producers. Of these, 5 (62.5 %) were Escherichia coli and 3 (37.5 %) of the isolates 
were Klebsiella pneumoniae. The E. coli and Klebsiella pneumoniae showed high resistance to the tested antibiotics 
especially to the third generation cephalosporins, amoxicillin/clavulanic acid, ticarcillin and 
sulphamethoxazole/trimethoprim. However, none of the isolates was resistant to imipenem, a carbapenem. 
Conclusively, our findings suggest that asymptomatic healthy individuals could serve as potential reservoir of 
ESBL-producing bacteria in the community. 
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1. Introduction 

Resistance to β-lactam antimicrobial drugs 
among pathogenic Gram-negative bacteria is usually 
mediated by several genetic/enzymatic factors of the 
pathogens including the production of 
extended-spectrum β-lactamases (ESBLs). ESBLs are 
a major group of enzymes that commonly mediate 
resistance to β-lactam antimicrobial drugs (including 
the cephalosporins) in Gram-negative bacteria, and 
these multidrug resistance factors are most commonly 
found in Escherichia coli and Klebsiella pneumoniae 
(Kader and Kumar, 2004). ESBL-producing organisms 
have been widely reported in many countries and 
multidrug resistance is increasingly seen in many 
Gram-negative bacteria as a result of the widespread 
use and misuse of various antibiotics (Livermore, 2003; 
Waterer and wunderink, 2001). Extended-spectrum 
β-lactamases (ESBLs) have the ability to hydrolyze 
penicillins, 3rd generation cephalosporins and 
monobactams but bacterial pathogens producing 

ESBLs are highly susceptible in vitro to β-lactamase 
inhibitors such as clavulanic acid (Livermore, 2003). 
These enzymes are encoded by transferable 
conjugative plasmids, which often code resistance 
determinants to other classes of antimicrobial agents 
such as the fluoroquinolones and aminoglycosides. 
And these transferable conjugative plasmids present in 
ESBL-producing bacteria are also responsible for the 
dissemination of resistance to other Gram-negative 
bacteria in both hospital and non-hospital 
environments (Bradford, 2001). The first plasmid 
mediated β-lactamase in Gram-negative bacteria, 
TEM-1, was described in the early 1960s (Turner, 
2005). Afterwards it was detected from Klebsiella in 
Europe 1980, in Germany 1983, and in France 1985 
(Perez et al., 2007). It has become very important to 
study the prevalence of ESBL-producing organisms 
because of the increasing antimicrobial resistance and 
the decreasing number of new drugs available against 
such microbes (Kader et al., 2004). Bacterial 
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infections caused by ESBL-producing bacteria are an 
emerging problem in the community setting in many 
parts of the world including Nigeria (Ejikeugwu et al., 
2013; Iroha et al., 2010; Colodner et al, 2004). Several 
reports have addressed fecal carriage of these 
organisms during nosocomial outbreaks (Lucet et al, 
1996; Moland et al, 2003). Although carriers of ESBL 
producers are expected to be present in general 
practice, their occurrence has rarely been reported and 
there are few studies conducted in the community in 
Nigeria as per the issue. 
 
2. Materials and methods 
Study Population: The study was carried out in 
Owerri, Imo State, located in the Eastern part of 
Nigeria. A total of 192 people living in two remote 
villages in Owerri town consented for the study 
verbally. The participants were asked to fill out a 
questionnaire. All the participants were screened for 
medical history. Exclusion criteria included any 
antibiotic treatment in the 3 months prior to specimen 
collection and confirmed diagnosis of digestive tract 
diseases. Age ranged from 1-80 years (117 females 
and 75 males; of which children were 89 and adults 
103). Stool samples were collected aseptically and 
seeded immediately onto Eosin Methylene Blue (EMB) 
agar plates. One of the EMB agar plates was 
supplemented with 1 µg/ml of ceftazidime while the 
other was supplemented with 1 µg/ml cefotaxime. 
Bacterial isolates: A total of 47 non replicate isolates 
were collected between September 2011 and June 
2012, from 192 stool samples of asymptomatic healthy 
individuals bacteriologically analyzed in this study. 
All the bacterial isolates were identified by standard 
microbiology identification techniques (Cheesbrough, 
2006). 
Susceptibility studies: Susceptibility to antimicrobial 
agents was determined by the Kirby-Bauer Disc 
Diffusion method on Muller-Hinton agar (Oxoid, 
England) plates as described by the Clinical 
Laboratory Standard Institute (CLSI) (CLSI, 2010). 
The antibiotic discs used included 
amoxycillin/clavulanic acid (AMC 20/10 µg), 
ampicillin (AMP 10 µg), cefepime (FEP 30 µg), 
ceftriaxone (CRO 30 µg), imipenem (IPM 10 µg), 

nalidixic acid (NA 30 µg), ofloxacin (OFX 30 µg), 
ticarcillin (TIC 30 µg), 
sulphamethoxazole/trimethoprim (SXT 25 µg), 
ceftazidime (CAZ 30 µg), cefotaxime (CTX 30 µg); 
and these antibiotic discs were procured from Oxoid, 
England. 
Detection of extended spectrum-β-lactamase (ESBL) 
Enzymes: ESBL production in the test bacterial 
isolates was determined by the disk diffusion method 
as was previously described (Ejikeugwu et al., 2013; 
Iroha et al., 2010; Ramalivhana et al., 2010). Mueller 
Hinton agar plates were prepared and inoculated with 
inoculums (equivalent to 0.5 McFarland turbidity 
standards) of the test isolates. Thirty microgram’s disc 
each of cefotaxime (30 μg) and ceftazidime antibiotics 
were placed on the agar at a distance of 15 mm center 
to center from a central combination disc of augmentin 
(comprising of amoxicillin 20 μg and clavulanic acid 
10 μg) in triplicates. A clear extension of the edges of 
the inhibition zone of any of the antibiotics towards 
the disc containing clavulanic acid was regarded as a 
phenotypic confirmation of the presence of ESBL 
(Ramalivhana et al., 2010). A ≥ 5 mm increase in the 
inhibition zone diameter for either of the 
cephalosporins (ceftazidime or cefotaxime) tested in 
combination with amoxycillin-clavulanic acid versus 
its zone when tested alone confirms ESBL production 
phenotypically (Ejikeugwu et al., 2013). 
Control organism: Escherichia coli ATCC 25922 and 
Klebsiella pneumoniae ATCC 700603 (Oxoid, UK) 
were used as positive control strains for antimicrobial 
susceptibility studies. 

 
3. Results 

Bacterial isolates other than E. coli and K. 
pneumoniae, which grew on the eosin Methylene Blue 
agar, were disregarded. Of the 192 stool samples 
tested, 47 (24.47 %) isolates that were resistant to 
CTX and/or CAZ were obtained; 23 Escherichia coli 
and 24 Klebsiella pneumoniae. 

Eight (8) (17.02 %) out of the 47 isolates were 
found to be ESBL positive with DDST (3 from 
children and 5 from adults). Of the total ESBL isolates, 
five (62.5 %) were from Escherichia coli and three 
(37.5 %) from Klebsiella pneumoniae (Table 1).  

 
 

Table 1: Occurrence of ESBL positive bacteria and non ESBL producing bacteria from feacal samples 
Bacteria ESBL positive n (%) ESBL negative n (%) Total 
Escherichia coli 5 (62.5) 18 (46.1) 23 
Klebsiella pneumonia 3 (37.5) 21 (53.8) 24 
Total 8 39 47 
n=number of organisms, %=percentage 
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All the isolated organisms in this study were 

100 % susceptible to imipenem and 73-75 % was 
susceptible to ofloxacin. The antibiotic susceptibility 
pattern of the isolates is demonstrated in Table 2. 
Resistance pattern of E. coli and K. pneumoniae 

revealed that 90-100 % were resistant to ampicillin, 
ceftazidime, cefotaxime, ticarcillin and 
sulphamethoxazole/trimethoprim, 87-95 % to 
ceftriaxone. 

 
 

Table 2: Antimicrobial susceptibility pattern of test isolates 
Antibiotics (µg) % susceptibility of E. coli (n=23) % susceptibility of K. pneumoniae (n=24) 
 Resistant Susceptible Resistant Susceptible 
AMC  (30) 19 (82.6) 4 (17.3) 24 (100) 0 (0) 
AMP  (10) 23 (100) 0 (0) 24 (100) 0 (0) 
FEP   (30) 16 (69.5) 7 (30.4) 14 (58.3) 10 (41.6) 
CRO  (30) 22 (95.65) 1 (4.34) 21 (87.5) 3 (12.5) 
IMP   (10) 0 (0) 23 (100) 0 (0) 24 (100) 
NA    (30) 19 (82.6) 4 (17.39) 23 (95.8) 1 (4.1) 
CAZ  (30) 23 (100) 0 (0) 24 (100) 0 (0) 
CTX  (300 23 (100) 0 (0) 24 (100) 0 (0) 
OFX  (5) 6 (26.08) 17 (73.9) 6 (25.0) 18 (75.0) 
TIC  (75) 23 (100) 0 (0) 24 (100) 0 (0) 
SXT  (25) 23 (100) 0 (0) 24 (100) 0 (0) 
 
 
4. Discussion 

Our ability to promptly and accurately detect 
ESBL-producing bacteria from both clinical and 
environmental samples is crucial to the control of the 
development and spread of drug-resistant pathogens. 
This study demonstrates the presence of ESBL in 
feacal strains of E. coli and K. pneumoniae from 
healthy individuals in Owerri metropolis, Southeastern 
Nigeria. Despite normally living harmlessly in the gut 
as part of the body’s normal microflora, E. coli and K. 
pneumoniae can cause various types of infections, 
especially urinary tract infection when the host’s 
immune system becomes weakened or following the 
occurrence of a chronic or acute microbial infection. In 
a study published from Saudi Arabia, it was observed 
that 10.2 % of the uropathogens isolated from healthy 
individuals were ESBL-producing E. coli (Kader and 
Kamath, 2009). In another study, also in Saudi Arabia, 
it was reported that > 12 % of the Gram-negative 
uropathogens isolated from community patients were 
ESBL-producers (Kader and Kumar, 2005). Some 
reports from Europe also suggest that infections 
caused by ESBL-producing organisms are emerging 
among community patients; and these individuals not 
only serve as reservoirs of the pathogens in the 
community – but they also act as potential source of 
contamination especially to susceptible members of 
the community or population (Woodford et al., 2004). 
The presence of ESBL-producing organisms in the gut 
not only contributes to difficulty in the treatment of 
extraintestinal infections, but these organisms can also 

mediate the transfer of antibiotic-resistance 
determinants to other organisms within the 
gastrointestinal tract (Moland et al., 2003). Their 
presence increases the risk of transmission to other 
individuals as a result of human-to-human 
transmission or through the environment (Woodford et 
al., 2004). In Serbia, it has been reported that 65-92 % 
of commensal Enterobacteriaceae and other 
organisms isolated from feaces are resistant to 
commonly used antibiotics such as ampicillin, 
sulphamethoxazole/trimethoprim and fluoroquinolones 
(Irina et al., 2007). In this study, the E. coli and K. 
pneumoniae isolates recovered from the feacal 
samples of asymptomatic individuals in Owerri 
metropolis, Southeastern Nigeria were found to be 
highly resistant to ampicillin, 
sulphamethoxazole-trimethoprim, and ticarcillin (as 
shown in Table 2). This high resistance of the test 
isolates to ampicillin, 
sulphamethoxazole-trimethoprim and ticarcillin is in 
agreement with other studies where higher levels of 
Enterobacteriaceae including E. coli and K. 
pneumoniae to some first line antibiotics where 
reported (Irina et al., 2007; Brinas et al., 2003). 
Carbapenems are the drugs of choice for many 
infections caused by Gram positive and Gram negative 
bacteria including those infections caused by 
ESBL-producing bacteria (Ullah et al., 2009). In this 
study, imipenem demonstrated 100 % sensitivity 
against all the test isolates (as depicted in Tables 2). 
These findings were similar to the studies conducted in 



 Researcher 2015;7(10)          http://www.sciencepub.net/researcher 

 

 37 

Saudi Arabia (Kader and Kamath, 2009), and Turkey 
(Kiremitçi et al., 2011; Ozlem Kurt azap et al., 2007) 
where imipenem showed good antimicrobial activity 
against the test bacteria. Previous studies from Nigeria 
have also reported ESBL production from humans; 
and the rate usually varies from 6 % to 87 % (Yushua 
et al., 2010; Iroha et al., 2010; Akujobi and Ewuru, 
2010; Aibinu et al., 2003). ESBL prevalence in other 
parts of the world have also been observed in 
asymptomatic/healthy humans (Geser et al., 2012; 
Kiremitçi et al., 2011; Rajesh et al., 2010; Kader and 
Kamath, 2009; Ozlem Kurt azap ö et al., 2007). The 
prevalence of ESBL positive bacteria in this study was 
found to be 17.02 %, which was lower compared to a 
similar study carried out in Thailand (52.8 %) 
(Tadahiro et al., 2010), in Turkey (47.3 %) (Ozlem 
Kurt azap ö et al., 2007). However, the prevalence of 
ESBL bacteria in our study is far higher than the 
prevalence reported in Cameroon from healthy 
individuals (6.7 %) (Lonchel et al., 2012). The spread 
of ESBL-producing organisms to the community could 
be related to previous hospital acquisition as some 
hospitalized patients continue to carry 
ESBL-producing bacteria over prolonged periods, 
which may contribute to their extra hospital 
propagation (Colodner et al., 2004). Their emergence 
in the community could also be caused by the overuse 
and/or misuse of antibiotics in the community. 
Antibiotic use creates a selective pressure on host 
bacteria in the large bowel, leading to the emergence 
of antimicrobial-resistant organisms. This may cause 
an increase in the number of carriers harboring 
resistant bacteria (Woodford et al., 2004). The 
increasing prevalence of ESBL producing isolates and 
emergence of extensively resistant isolates to third 
generation cephalosporins and other antimicrobial 
agents is alarming. This development warrants global 
public health programs to enhance effective use of 
antibiotics in both the community and hospital 
environments. 
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