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Abstract  The development of antibiotic resistance in bacteria following the introduction of antimicrobial agents 
has emerged as an important medical problem worldwide. Antibiotic resistance has made the treatment of infectious 
diseases a global challenge. The study was carried out to detect Extended Spectrum Beta-Lactamase (ESBL) and 
Amp C Beta-lactamase mediated resistance of Escherichia coli. Twelve isolates were collected from the University 
of Port Harcourt, department of Microbiology; nine out of the 12 were identified to be E. coli after series of 
biochemical test. Antimicrobial susceptibility testing was carried out on all the isolates using the disc diffusion 
method. High level of antimicrobial resistance was observed in the test organism against Augmentin and Ampicillin. 
ESBL preliminary screening, ESBL phenotypic confirmatory test and double disk synergy test was performed on all 
the isolates to detect ESBL producers. Results obtained from the study showed that 5(55.5%) out of the nine E. coli 
isolates were confirmed to be ESBL producers. AmpC production was detected in only one of the E. coli isolate 
which was from wound swab. The study revealed a high rate of ESBL- producing E. coli from clinical specimen. 
Further studies should be carried out using molecular method to detect ESBL genes and a wider range of E. coli 
from different sources should be used. 
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1. Introduction 

Antibiotics have always been considered one of the 
wonder discoveries of the 20th century. The importance 
and value of antibiotics cannot be over emphasized;  
they are used to treat infectious diseases that are caused  
by microorganisms. Presently there is a rise of antibiotic 
resistance in hospitals, communities, and the environment 
concomitant with their use [1]. Based on the rise in 
antibiotic resistance infectious diseases are more  
difficult to treat. Recently WHO declared antibiotic 
resistance a top health issue worldwide, about 70% of  
the bacteria that cause infections are resistant to at  
least one of the drug most commonly used for treatment 
and this includes Escherichia coli which have emerged as 
one of the most significant causes of both nosocomial  
and community acquired infections [1]. β-lactams, 
especially extended-spectrum cephalosporin, carbapenems 
and flouroquinolones antibiotics represent the main therapeutic 
options to treat infections caused by these pathogens [2]. 
Extended spectrum β-lactamases (ESBLs) are class A 
enzyme that have the ability to hydrolyze third generation 
cephalosporins (ceftriaxone, cefotaxime, and ceftazidime) 
but are inhibited by clavulanic acid. Most of ESBLs 

producers are susceptible to cefoxitin and cefotetan but 
they are not active against cephamycins [3,4].  

The ability of E. coli to produce ESBL and AmpC have 
been pointed as one of the reasons for the emergence of 
drug resistance in Escherichia coli. The beta lactamase are 
enzymes that have the ability to destroy the beta lactam 
ring of most beta lactam antibiotics. Beta-lactamases 
hydrolyse small, broad or extended spectrum beta-lactam 
antibiotics. Extended spectrum beta-lactam (ESBL) confer 
resistance to most beta lactam antibiotics, including 
penicillins, cephalosprins, and the monobactam aztereonam 
leaving carbapenems as the best antimicrobial agent for 
infections caused by ESBL enzymes. The extensive use of 
antibiotics in both human medicine and for agricultural 
purposes, particularly in disease prevention and growth 
promotion in animal production is a considerable cause  
of the selection and prevalence of antibiotic resistant 
E.coli. Escherichia species are very adaptive, enteric 
Gram-negative rod-shaped bacterium which belongs to the 
family Enterobacteriaceae. They are rod shaped and do 
not form spores. There are six species, of which  
four namely: Escherichia coli, Escherichia fergusoni, 
Escherichia hermanii, and Escherichia vulneris are known 
to cause disease. 

ESBL-producing Enternterobacteraceae have been 
responsible for numerous outbreaks of infection throughout  
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the world and pose challenging infection control issues. 
Clinical outcomes data shows that ESBLs are clinically 
significant and when detected they indicate the need for 
the use of appropriate antimicrobial agents. Unfortunately, 
the laboratory detection of ESBLs can be complex and at 
times, misleading. ESBLs and AmpC β-lactamases were 
first described in 1983 (Germany) and 1988 (India), 
respectively [5]. 

Antibacterial choice is often complicated by multi 
resistant. Many ESBL producing organisms also express 
AmpC beta-lactamases and may be co-transferred with 
plasmid mediated aminoglycoside resistance. AmpC  
type beta-lactamases are another group of enzymes  
that are commonly isolated from extended spectrum 
cephalosporin-resistant Gram negative bacteria. AmpC 
beta-lactamases are typically encoded on the chromosome 
of many Gram negative bacteria including Escherichia 
coli, Citrobacter freundii and Enterobacter spp, but can 
be seen on plasmids. AmpC beta-lactamases, in contrast  
to ESBLs, hydrolyse broad and extended spectrum 
cephalosporins but are not inhibited by clavulanic acid or 
the beta-lactamase inhibitors. 

In recent years, bacteria resistance to beta-lactam 
antibiotics has been dramatically increased [6]. Contribution 
to this increase has been the spread of ESBL enzymes that 
hydrolyses the extended spectrum cephalosporin, like 
ceftazidim and cefotaxime [7].  

The first AmpC beta-lactamase was detected in  
1940, although at the time it was called penicillinase  
AmpC-producing bacteria have a broader spectrum of 
resistance than ESBL-producing bacteria. Next to the 
hydroxylation of penicillin, broad spectrum cephalosporin 
and extended spectrum cephalosporin of the 3rd 
generation cephalosporins (but not the 4th generation of 
cephalosporins). The synthesis of beta- lactamases is 
either chromosomal designated as constitutive, (as in 
Pseudomonas aeruginosa) or inducible plasmid mediated 
as in Aeromonas hydrophila, Enterobacteriaceae and 
Staphylococcus aureus. In the Gram positive bacteria, 
beta-lactamases are secreted as exo-enzymes to the 
outside membrane environment. However, in the Gram 
negative bacteria they settle in the periplasmic space and 
attack the antibiotics before it can reach its target site [8]. 
Plasmids are a major cause of spreading of bacterial 
resistance. This is because they can be transferred between 
Gram negative bacteria by conjugation and between Gram 
positive bacteria by bacterial viruses called transducing 
phages. The consequence of this transferability includes 
many outbreaks of resistance which are aggravated where 
inappropriate infection control measures are bound.  

The emergence of antibiotic resistance in Escherichia 
coli have been attributed to its ability to produce Beta 
lactamsa enzymes including ESBL and AmpC Beta 
lactamase mediated resistance are of increasing clinical 
concern globally. Coudron [9] conducted a study on the 
occurrence and detection of AmpC beta-lactamase among 
E.coli, Klebsiella pneumonia and Proteus mirabilis isolates 
at a veterans medical center. A total of 1,286 isolates were 
tested 683 E.coli, 371 K. pneumonia and 232 P. mirabilis 
isolates. 13 (1.9%), 28 (7.6%) and 4 (1.7%), respectively, 
demonstrated AmpC band. Cefoxitin resistance was 
transferred from all but 8 (E.coli) of the 16 AmpC 
producers. The present study was carried out to detect 

ESBL and AmpC Beta-lactamase mediated resistance in 
Escherichia coli isolates of clinical origin.  

2. Materials and Methods 

2.1. Samples Collection and isolation of E.coli 
A total of 12 isolates were collected from the Microbiology 

laboratory of the University of Port Harcourt. All  
isolates were sub cultured on Eosin methylene blue Agar 
according to manufacturer’s specification; the plates were 
incubated at 37°C for 24 hours. After which biochemical 
tests were carried out in order to identify Escherichia coli 
strain. 

2.1.1. Identification of Escherichia coli Characterization 
and Identification of Escherichia coli 

The bacteria isolates were grown on Eosin Metylene 
Blue Agar (LAB M), they were sub cultured onto Nutrient 
Agar (LAB M). E. coli was characterized and identified 
based on their motility, microscopic morphology, colonial 
morphology and biochemical characterization as described 
in medical laboratory manual for tropic countries 
Cheesbrough and with reference to the Bergey's manual of 
systemic bacteriology [10,11]. 

2.2. Antibiotic Susceptibility test  
Susceptibility was determined by the Kirby Bauer disc 

diffusion method as described by National Committee for 
Clinical and Laboratory Standard [12]. Bacteria were 
grown on nutrient broth at 37°C overnight. The suspension 
was visually adjusted with normal saline to equal that of 
0.5 Mac Farland turbidity standards. The inoculum was 
swabbed across the entire surface of Mueller Hinton agar 
plate (Biotech) using sterile swab stick and the plate was 
rotated approximately 60°C between streaking to ensure 
an even distribution. Inoculated plates were left to stand 
for at least 3 minutes, but for no longer than 15 minutes 
before the disks were applied. Commercial antibiotics 
disks used include: Ceftazidime (30ug), Cefuroxime 
(30ug), Gentamicin (10ug), Ciprofloxacin (5ug), Ofloxacin 
(5ug), Amoxicillin/Clavulanate (30ug), Nitrofurantoin 
(300ug), Ampicillin (10ug), (TOKU-E, USA). The plates 
were incubated within 15 minutes of the application of the 
disks at 37°C for 18 to 24 h. The inhibition zone diameters 
around the disks were measured and interpreted according 
into the NCCLS guidelines [12]. Isolate were considered 
as multidrug resistance (MDR), when it showed resistance 
to ≥3 antimicrobial agents [13].  

2.3. Detection of Extended Spectrum Beta 
Lactamase 

For the detection of ESBL, three methods: CLSI 
screening method, CLSI phenotypic confirmatory method 
and double disk diffusion synergistic method were used.  

2.3.1. Screening test for ESBL 
Ceftazidime, ceftriaxone and cefotaxime discs were 

placed on a Mueller Hinton Agar plate at appropriate 
distance. The plates were incubated aerobically overnight 
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(18-24 hours/35°C). Isolates showing an inhibition zone 
size of ≤22 mm with ceftazidime (30 μg), ≤25 mm with 
cefriaxone (30 μg) and ≤27 mm with cefotaxime (30 μg) 
were identified as potential ESBL producers and were 
short listed for confirmation of ESBL production [14]. 

2.3.2. Phenotypic Confirmatory Test for ESBL 
Strains that were suspected to be ESBL producer by 

screening method were confirmed for enzyme production 
by phenotypic confirmatory disk diffssusion method. 
Ceftazidime disk without clavulanic acid and ceftazidime 
with clavulanic acid combination disk were placed on the 
same plate. The plates with disks were incubated 
aerobically overnight (18-24 hours/35°C). The isolates 
showing an increase in zone size of 5mm or more around 
ceftazidime with clavulanic acid as compared to 
ceftazidime alone were confirmed to be ESBL producer. 
No enhancement of zone indicates ESBL non-producer 
isolates [14]. 

2.3.3. The Double Disc Synergy Test (DDST)  
The double disc synergy test (DDST) method described 

by CLSI (2013) was employed. Standardized inoculum of 
the test organisms was inoculated on Mueller Hinton Agar 
(MHA) (BIOTECH, England) using sterile swab sticks. 
Amoxicillin/clavulanic acid disc (20/10µg, TOKU-E, 
USA) was placed at the center of the inoculated MHA. 
Ceftazidime (30ug, TOKU-E, USA) and Cefotaxime 
(30ug, TOKU-E, USA) were placed 15mm center to 
center from the Amoxycillin/clavulanic acid discs. The 
plates were incubated at 37°C for 24 hours. After 
incubation, enhancement of zone of inhibition of either or 
both the Ceftazidime and Cefotaxime discs towards the 
Amoxycillin/Clavulanic acid discs is indicative of ESBL 
production. 

2.4. Detection of AmpC Beta-lactamase 
Production 

2.4.1. Disk Diffusion Method 
The Double Disk Synergy test was done using the CLSI 

2013 method. Mueller Hilton Agar plate were inoculated 
with the suspension of the standard inoculum of the test 
organism, it was left for 15 minutes before disc containing 
30ug cefoxitin and 400ug of Boronic acid were placed on 
each of the inoculated plate 20mm-25mm apart. The 
plates were inoculated at 37°C for 18 hours. The organism 
that demonstrated 5 mm or greater 5mm zone around  
the disk containing cefoxitin and boronic acid compared to 
the disk containing cefoxitin was considered as AmpC 
producer. 

3. Results and Discussion 

3.1. Twelve isolates were obtained from the University 
of Port Harcourt Teaching hospital. Nine of the isolates 
were identified as Escherichia coli after series of 
biochemical test which include dindole, citrate, motility, 
TSIA, Methyl Red test and Voges Proskauer test. Table 1 
shows the detailed result of biochemical test for the nine 
isolates. 

Table 1. Biochemical Test Result 

Isolates Indole MR VP Citrate 
TSIA 

Organism 
Slant Butt CO2 H2S 

          

Iso 1 + - - + K K + - E. coli 

Iso 2 + - - + K K + - E. coli 

Iso 3 - + - - A A + - S. aureus 

Iso 4 + - - + K K + - E. coli 

Iso 5 + - - + K K + - E. coli 

Iso 6 + - - + K K + - E. coli 

Iso 7 - + - - A A + - S. aureus 

Iso 8 + - - + K K + - E. coli 

Iso 9 - + - + A A + - S. aureus 

Iso 10 + - - + K K + - E. coli 

Iso 11 + - - + K K + - E. coli 

Iso 12 + - - + K K + - E. coli 

KEY: A= acidic condition, K= alkaline condition, + = positive,  
- = negative.  

3.2. Distribution of Antibiotic Resistance 
among E. coli Isolates 

All isolates were examined for resistance to six antibiotics. 
Varying degree of resistance was noticed with the various 
groups of antimicrobial agents used as shown in Figure 1. 
All isolates showed susceptibility to Ceftazidime (30ug), 
Cefuroxime (30ug), Gentamicin (10ug), Ciprofloxacin 
(5ug), Ofloxacin (5ug), Amoxicillin/Clavulanate (30ug), 
Nitrofurantoin (300ug), Ampicillin (10ug). High resistance 
was found in Amoxicillin/clavulanate and Ampicillin. 
Percentage susceptibility result is shown in Figure 1. 

3.3. Prevalence of Extended Spectrum  
Beta-lactamase and AmpC among 
Escherichia coli Isolates 

Extended spectrum and AmpC beta-lactamase was 
detected in during analysis of isolates. Among the isolates 
7(77.8%) was positive for ESBL and 1(11.1%) was 
positive for AmpC as indicated in Table 2. Prevalence was 
shown in ESBL more than AmpC (Figure 2). 

Table 2. Distribution of Extended spectrum beta-lactamase and 
AmpC among Escherichia coli isolates 

Isolates ESBL 
screening 

Phenotypic 
confirmatory test DDST AmpC 

     

Iso1 + - - - 

Iso2 + + + - 

Iso4 + - - - 

Iso5 + + + - 

Iso6 + + + + 

Iso8 + + + - 

Iso10 + + + - 

Iso11 + - - - 

Iso12 + - - - 

KEY: + = Positive, - = Negative 
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Figure 1. Percentage susceptibility of Escherichia coli isolates against test antibiotics 

 

Figure 2. Percentage Production of ESBL and AmpC among Escherichia coli isolates  

 

Plate 1. Comparison of Beta-lactamase production of Escherichia coli 
isolates  

 

Plate 2. Positive and negative double disc synergy test 
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Plate 3. Positive and negative AmpC disc diffusion test of Escherichia 
coli isolate 

The emergence of multi-drug resistant bacterial strains 
in hospitals where antibiotic use is frequent and the 
patients are in critical condition is a growing concern [15]. 
Several studies have been undertaken to assess the 
susceptibility of bacterial pathogens to different antibiotics. 
An in vitro surveillance study was conducted in Saudi 
Arabia to assess antibiotic susceptibility patterns among  
E. coli isolates. Inpatients isolates were more likely to be 
antibiotic resistant than outpatient isolates, as observed in 
the resistance patterns to ampicillin (63% in inpatients,  
50% in outpatients), sulfamethoxazol (44% in inpatients, 
30% in outpatients), and ciprofloxacin (33% in inpatients, 
14% in outpatients). These findings revealed that there is 
wide spread resistance to most of the available antibiotics 
[16]. Also susceptibility study conducted in California 
University on prospectively collected 255 E. coli isolates 
showed 22% resistance to trimetoprim-sulfamethoxazole.  

ESBLs are clinically important because they destroy 
cephalosporins, given as first line agents to many severely 
ill patients [17]. Therapeutic options for the infections 
which are caused by the ESBL producers have also become 
increasingly limited [18]. Broad spectrum resistance raises 
concern and necessitates the restricted use of extended-
spectrum cephalosporin, and a trial of other suitable 
alternatives [19].  

In this study, 77.8% of the E. coli isolates were positive 
for ESBL screening using cefotaxime, ceftazidime and 
ceftriaxone 30 µg each discs as initial screening agent 
which were further subjected to confirmatory tests. Factors 
that can interrupt test result include disk placement, correct 
storage of the clavulanic discs and performance of appropriate 
control tests as they are critical to the sensitivity of  
DDST. Double disk test can lack sensitivity because of  
the problems of optimal discs spacing and the correct 
storage of the clavulanic acid containing discs [20,21] 
conducted a study at a 900+ bed general hospital,  
from May to September 2007, in Iran, to determine the 
prevalence of ESBL producing E.coli and K. pneumonia 
and their antimicrobial pattern. Results obtained from  
their study showed 100 K. pneumonia and 106 E.coli 
isolates were susceptible to imipenem. From the Female 
isolates (136), 59.5% and (70) 58.6% were ESBL producing 
group.  

High-level AmpC production is typically associated 
with in-vitro resistance to third-generation cephalosporins 
and cephamycins. In connection with this, high clinical 
treatment failures with broad-spectrum cephalosporins 
have been documented [22]. In this study AmpC  
β-lactamase production was confirmed in 1 (11.1%) of 9 
isolates and in the remaining 8 it was not detectable and 
this correspond with the result of Shayan and Bokaeian in 

their study of Detection of ESBL- and AmpC-producing E. 
coli isolates from urinary tract infections in Iraq [23]. 

4. Conclusion 

ESBLs and AmpC β-lactamases enzymes have been of 
increasing importance based on their ability to mediate 
resistance in most bacteria. There is a need for a correct 
and reliable phenotypic test to identify AmpC β-
lactamases and to discriminate between AmpC and ESBL 
producers. Also, the ESBLs and AmpC production 
monitoring is recommended to avoid treatment failure and 
for suitable infection control. Some ESBLs may reach a 
level to be detectable by disk diffusion tests which could 
result in treatment failure in the infected patient. 
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