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Abstract

Background: The beta-lactam groups of antibiotics are the largest group of antibacterial agents used in clinical
practice and they are frequently prescribed. The wide use of these antibiotics leads to the emergence and spread of
resistant bacterial pathogens that produce the extended-spectrum β-lactamases (ESBL). Now days ESBLs producer
bacteria are a common encounter in clinical practice and their prevalence varies from local to global. The aim of this
study was to determine the prevalence of ESBL producing bacterial pathogens among Enterobacteriaceae isolates
at Adama Hospital, Ethiopia.

Methods: Across sectional study was conducted from May 1, 2013-June 1, 2014 at Adama Teaching Hospital. A
total of 384 consecutive non-repeat culture isolates were obtained from different clinical specimens of patients
visiting the Hospital. Bacterial strains were isolated following standard bacteriological techniques of American
Society of microbiology. Antimicrobial susceptibility test was determined using Kirby-Bauer disk diffusion method and
ESBL production was detected by modified double disc synergy test as stated on clinical and laboratory standard
institute. Data was analyzed using SPSS version 20.

Results: A total of 133 bacterial strains were isolated of which Enterobacteriaceae account for 68/133(51.1%).
Twenty one isolates from the Enterobacteriaceae were suspected for ESBL production and 17/21 (80.95%) of them
were confirmed to produce it. The overall prevalence of ESBL producers within the Enterobacteriaceae is 17/68
(25%). E. coli with the prevalence of 10/35 (28.57%) is the leading ESBL producer while Proteus species, Klebsiella
species, E. cloacae and Citrobacter species accounted for 3/9 (33.3%), 2/8 (25%), 1/3 (33.3%) and 1/3 (33.3%)
respectively.

Conclusion: The prevalence of ESBL producing Enterobacteriaceae was high among the clinical isolates of
Adama Hospital Medical College. Because microbiology laboratories are limited in Ethiopia, the problem may go
beyond expectation before it is revealed. Thus routine screening of ESBL producing microorganisms from clinical
samples should be considered where applicable.
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Introduction
Infectious diseases had been the leading cause of death until the

middle of the 20th century [1] or until the introduction of novel
antibiotics in clinical medicine which solved the problem of infectious
diseases caused by bacterial pathogens [2]. The introduction of
antibacterial agents was immediately accompanied by the emergence
of drug resistant organisms which adapted different mechanisms to
counter the effect of the antibiotics [3-7]. In the fight against the drug

resistant strains of bacterial pathogens few potent drugs including the
third generation cephalosporins have been discovered and have been
in use for the treatment of various bacterial infections [8]. However the
continual emergence of drug resistant bacterial pathogens including to
the more potent third generation cephalosporin drugs made a great
impediment to the rapid prognosis of patients in the hospital set up.
This has been particularly of major clinical problem in the treatment of
various infections caused by members of the Enterobacteriaceae family
of bacterial pathogens.

The third generation cephalosporins antibiotics and the remaining
β-lactam antibiotics are by far the largest group of antibacterial agents
used in clinical medicine and they are among the most frequently
prescribed antibiotics worldwide. They account for approximately 50%
of global antibiotic consumption and with a few notable exceptions
they remain the cornerstone of antibiotic therapy for a wide variety of
systemic infections caused by bacterial pathogens [9]. However, the
emergence and spread of extended-spectrum β-lactamases producing
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bacterial pathogens which are resistant to these potent antimicrobial
agents including the third generation cephalosporins were
compromised the use and wide applications of these novel antibiotics.

Antibiotic inactivation by the production of the specific enzyme
which can break the most important functional group of the antibiotic
namely the β-lactam ring is the most common mechanism of
resistance that bacterial pathogens developed to β-lactam antibiotics.
In Gram-negative bacterial pathogens, β-lactamase production is the
major factor to resistance against the β-lactam antibiotics [10]. It
inactivates the β-lactam antibiotics by hydrolysis of the β lactam ring
resulting in ineffective compounds. One group of β-lactamases
referred to extended-spectrum β-lactamases (ESBLs) has the ability to
hydrolyze and cause resistance to various types of the newer β-lactam
antibiotics, including the broad-spectrum cephalosporins [11].
Organisms that produce ESBLs remain an important reason for
therapy failure with cephalosporins and have serious consequences for
infection control [12]. In addition ESBL-producing organisms exhibit
co-resistance to many other classes of non β lactam antibiotics [13] At
the same time members of the Enterobacteriaceae are the most
frequently encountered clinical isolates.

Magnitude of ESBL producer bacterial pathogen varies from
country to country and even locally with in the same country. In
Ethiopia there is a limitation of data on the prevalence of ESBLs
producing bacterial pathogens. Hence, the study was aimed to
determine the prevalence of β-lactamases producing bacterial
pathogens within the family of Enterobacteriaceae.

Materials and Methods

Study area and setting
A laboratory based cross-sectional study design was used to conduct

this study from September 01, 2013-May 30, 2014. Adama Hospital
Medical College is found in Adama town at 95 km from Addis Ababa
to the East. The hospital gives service for 800 patients per day at its
outpatient department. The principal activity of the hospital is
provision of health care but it is also engaged in medical education and
research. The Hospital is serving a catchment population of more than
6 million; from regions (Oromia, Amhara, Afar, and Dire Dawa). The
hospital has 212 beds capacity and serving on average 1000 per a day at
six medical case teams (OPDs) and different specialty clinics. The
hospital has 270 technical staff and 180 non-technical staffs.

Sample collection and antimicrobial susceptibility testing
Clinical samples were collected aseptically and processed at the

microbiology laboratory of Oromia Regional Public Health
Laboratory. The isolation and identification of bacterial isolates was
conducted following standard bacteriological technique [14]. For
isolation and identification of the following media were used: Blood
agar, MacConky agar, XLD, TSI, LIA, SIM, Urea and Citrate. The
bacterial isolates were then tested for antimicrobial susceptibility test

by the disc diffusion method according to the guidelines of clinical and
laboratory standard institute (CLSI) [15]. The following antibiotics
discs were used in the sensitivity test; Cefotaxime (30 μg),
Cefpodoxime (30 μg), Ceftrioxone (30 μg), Ceftazidime (30 μg),
Cefepime (30 μg), Gentamicin(10 μg), Chloramphenicol (30 μg),
Ciprofloxacin (5 μg), Nitrofurantoin (100 μg), Cotrimoxazole (25 μg),
Piperacillin/Tazobactam (10 μg), and Tetracycline (10 μg) [Oxoid Uk].

Testing for the ESBL production
The ESBLs detection was carried out by modified double disc

synergism test using Cefepime along with the third generation
Cephalosporins [16]. All the strains which will show a diameter of less
than 27 mm for Cefotaxime and less than 25 mm for Ceftriaxone were
selected for checking the ESBLs production. The ESBL production was
tested by the Modified Double Disc Synergy Test by using a disc of
Amoxicillin-clavulanate (20/10 μg) along with four Cephalosporins
(Cefotaxime, Ceftriaxone, Cefpodoxime and Cefepime). A lawn
culture of the organisms was made on a Mueller-Hinton agar plate, as
recommend by CLSI [17]. A disc which contained Amoxicillin-
clavulanate (20/10 μg) was placed in the centre of the plate. The discs
of third generation cephalosporin and fourth generation cephalosporin
was placed 15 mm and 20 mm apart respectively, centre to centre to
that of the Amoxicillin-clavulanatedisc [18]. Any distortion or increase
in the zone towards the disc of Amoxicillin-clavulanatewas considered
as positive for the ESBLs production (Figure 1).

Ethical consideration
Ethical clearance from e thical review board of Adama Hospital

Medical College was obtained and the confidentiality of the patients
was maintained. The results were communicated to the clinician or
health care provider to initiate the recommended treatments based on
susceptibility results.

Data analysis method
Data analysis was performed using SPSS ver. 20.0 and comparisons

were made using binary logistic regression. Rates, types, and resistance
pattern of the bacterial isolates with the respective antibiotics were
calculated.

Results
A total of 384 samples were collected and processed for the isolation

and identification of bacterial isolates. Of the total samples processed
133 were found to be culture positive and out of this
Enterobacteriaceae accounted 68/133 (51.1%).

E. coli was the leading isolate of Enterobacteriaceae and followed by
Proteus species. The processed clinical samples included urine, surgical
wound swab, body fluids, corneal scrapping, nasal swab, stool and ear
discharges. The majority of the isolates were from urine and surgical
wound swab (Table 1).
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Figure 1: (A) Sample example of confirmed ESBLs producer Enterobacteriaceae by double disk synergism test, (B) sample example of
confirmed non ESBLs producer Enterobacteriaceae by double disk synergism test. AMC: Amoxicillin-Clavulanate; CAZ: Ceftazidime; CTR:
Ceftriaxone; CTX: Cefotaxime; FEP: Cefipime.

Specimen
type Organism Total

E.coli K. pneumoniae Proteus
species

Serraciae
species

Citrobacter
species

Morganella
species

Entrococcus
species

E.
colaceae

Salmonella
Species

Urine 16 5 2 0 0 0 3 0 1 27

Stool 0 0 0 0 0 0 0 3 1 3

Surgical
wound swab 14 1 2 1 3 1 0 0 0 25

Corneal
scraping 1 0 1 0 0 0 0 0 0 2

Pleural fluids 3 0 0 0 0 0 0 0 0 3

Ear
discharge 1 2 4 2 0 0 0 0 0 9

Nasal swab 0 0 0 1 0 0 0 0 0 1

Number (%) 35(51.5) 8(11.5) 9(13.2) 4(5.9) 3(4.4) 1(1.5) 3(4.4) 3(4.4) 2(2.9) 68(100)

Table1: Distribution of bacterial isolates from different clinical specimen.

Twenty three Enterobacteriaceae isolates were identified as potential
ESBLs producers by screening method. Thus 17/68 (25%) were
confirmed to ESBLs producer strains by phenotypic confirmatory test
for ESBL production (Table 2).

E. coli and Proteus species were the leading agents of ESBL
producers (Table 2).

These ESBLs producing strains were isolated from different clinical
samples (urine, surgical wound swabs, body fluids and Ear discharges).
Multiple ESBLs producing organisms were isolated from surgical
wound swabs (Table 3).

The isolates of ESBLs producers were also found to be resistant to
commonly used non β-lactam antibiotics including Gentamycin,
Ciprofloxacin, Tetracycline, and Erythromycin (Table 4).

Discussion
The prevalence of ESBLs producers in this study was found to be

25%. The finding also indicated that the ESBLs producers were also
resistant to multiple non β-lactam antibiotics including Gentamycin,
Ciprofloxacin, Tetracycline and Erythromycin which are commonly
used for the treatment of various kinds of infections. This should serve
as a warning and precautionary notice for the physicians who are
indiscriminately prescribing the third generation Cephalosporins and
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the other antibiotics based on empirical treatment for the management
of various infections caused by pathogenic bacteria belonging to the
family of Enterobacteriaceae.

Isolated organisms Number organism isolated Confirmed ESBL produce N (%)

E.coli 35 10(28.5)

K. pneumoniae 8 2(25)

Proteus species 9 3(33.3)

Citrobacter species 3 1(33.3)

E. colaceae 3 1(33.3)

Enterococcus species 3 0

S. salmonellae species 2 0

Morganellae species 1 0

Seraciae species 4 0

Total 68 17(25)

Table 2: Types of bacteria strains isolated as Enterobacteriaceae and their magnitude of ESBLs production.

Organism Specimen type Total

Urine Wound swab Pleural fluids Ear discharge

E. coli 2 5 3 0 10

K. pneumonea 0 1 0 1 2

Proteus species 2 1 0 0 3

Citrobacter species 0 1 0 0 1

E. colaceae 0 1 0 0 1

Total 4 9 3 1 17

Table 3: Distribution of ESBL producer bacterial isolates among clinical specimen.

ESBLs-phenotypic confirmatory tests organisms(n)

Antibiotics E. coli (10) K.pneumoniae(2) Proteus species (3) E. colaceae(1) Citrobacter species (1)

TTC 4 2

SXT 8 2 3 1

CXM 5 1 1 1

CIP 10 1 3

GM 7 1 2 1 1

Table 4: The multiple drug resistance patterns of the ESBLs producers within the family of the Enterobacteriaceae to the commonly used non β-
lactam antibiotics. TTC: Tetracycline; SXT: Trimethoprim-sulfamethoxazole; CXM: Cefuroxime; CIP: Ciprofloxacin; GM: Gentamycin.

A recent review on ESBLs producing pathogenic bacteria among the
family Enterobacteriaceae in Africa indicated that the problem in
health care institutions and communities is very large and revealed a
significant increase in the prevalence in some countries in Africa [19].
In Ethiopia it was previously reported that 62.8% of the isolated

Salmonella concord from stool and blood samples were ESBLs
producers [20]. A study conducted at Jimma University Specialized
Hospital indicated that the magnitude of ESBL producer E. coli and K.
pneumoniae were 38.4% which is a higher prevalence compared to the
finding in this study. It is anticipated due to the selected organisms
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were known for production of ESBL [21, 22]. Studies conducted in
Cameroon [23] and Brazil [24] reported the prevalence rate of 12%
and 14.8% of ESBLs producers respectively among Enterobacteriaceae
family. These prevalence rates are lower as compared to our study
which may be attributed to variation in drug management policies and
other local factors.

Proteus, E. coli and Klebsiella spp. were the leading ESBL producer
in this study; other similar studies reported comparable results (similar
isolates) [22, 23, 25]. Few numbers of Citrobacter and Entrobacter
were also isolated that were found to be ESBLs producer strains. This
finding showed that considerable number of the member of
Enterobacteriaceae is potentially producing ESBLs. Thus ESBLs
production within the family of Enterobacteriaceae may pose a serious
problem in the management of the infections caused by pathogenic
bacteria of this group. The most rational approach to the management
of infections caused by these pathogenic bacteria is to rely on antibiotic
sensitivity testing whenever the service is available or to use empirical
treatment based on data available from studies that address the
problem.

ESBL producers isolated in the study area were observed to be
resistant to other class of antibiotics commonly used in addition to
being resistant to the β Lactam drugs. Comparable results were
reported before in Ethiopia and other countries [25,26]. Almost all
isolated ESBL producers were resistant to Ciprofloxacin,
Trimethoprim-sulfamethoxazole and Gentamycin. Similar findings
were reported from other studies [27]. This may suggest that the
production of ESBLs by pathogenic bacteria belonging to the family of
Enterobacteriaceae may limit the treatment option available for the
management of the infections caused by this group of bacteria. Thus
the members of the family of Enterobacteriaceae that were proven to
be produce ESBL pose a serious problem in the clinical management of
the infections caused by them which trigger to put strong effort for the
prevention ESBL occurrence.

Conclusion
As indicated in this study the prevalence of ESBLs producing

bacteria among Enterobacteriaceae is high in the study area. The
observed data demonstrated that this group of bacteria was also found
out to be resistant to the non β-Lactam drugs which are commonly
prescribed for the management of various infections. These dual
properties of efficient mechanisms of drug resistance of being virtually
unaffected by both the β-Lactam and the non β-Lactam antibiotics can
confer a 100% protection for this group of bacteria. This problem may
largely threaten developing countries like Ethiopia who are short of
optional antimicrobials.

Hence the continual perpetuation of the pathogenic bacteria in
causing illnesses and the menace of frustration of the physicians who
find it very difficult in providing the much needed cure for the patient
will continue as a vicious cycle. The vicious cycle could be disrupted
when physicians will get the service for antibiotic sensitivity testing for
the pathogenic bacteria they are trying to treat and they will prescribe
the most effective antibiotic based on the antibiotic sensitivity profile
presented for each pathogenic bacterial isolate.
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