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Abstract
Extended spectrum beta-lactamases (ESBLs) are enzymes that give some Gram-negative bacteria such as Escherichia coli and

Klebsiella species the exceptional ability to resist the antimicrobial action of third-generation cephalosporins including cefotaxime,
ceftazidime and ceftriaxone. This study detected the presence of ESBL-producing E. coli isolates from anal swabs of donkeys in a local

donkey abattoir. A total of thirty (30) anal swab samples were collected from the anal region of the donkeys; and these were bacte-

riologically analyzed for the isolation of E. coli. All samples were cultured on MacConkey agar plates and eosin methylene blue agar

plates for the isolation of E. coli isolates after prior cultivation in nutrient broth tubes. The E. coli isolates was identified using conventional microbiology techniques. ESBL production was detected phenotypically using the double disk synergy test (DDST) technique,

and antimicrobial susceptibility testing was carried out using the Kirby-Bauer disk diffusion technique. A total of 25 E. coli isolates
was isolated from the 30 anal swab samples. The E. coli isolates showed high resistance rates to the antibiotics especially to the 3rd-

generation cephalosporins, and the monobactam, aztreonam. The result of the antimicrobial susceptibility testing showed that most

of the E. coli isolates where found to resist the antibiotic action of some of the tested antimicrobial agents particularly cefoxitin (32
%), ceftriaxone (60 %), cefotaxime (100 %), cefuroxime sodium (100 %), aztreonam (100 %) and cefepime (66.7 %). Out of the 25 E.

coli isolates phenotypically screened for ESBL production, only 10 E. coli isolates were suspected to produce ESBL by the screening
test using cefotaxime, and cefuroxime, ceftriaxone as the screening antimicrobial agents. However, ESBL production was phenotypi-

cally confirmed in only two (2) isolates of E. coli (representing 8 % of the total isolates) using the DDST technique. In conclusion, our
study presumptively revealed that the E. coli isolates from this particular donkey abattoir are multidrug resistant in nature; and they

also express ESBL phenotypically. Adequate measures are required for the handling of animals in order to avoid horizontal transmission of the ESBL-producing bacteria to humans. However, the prohibition of the use of antibiotics in animal husbandry as well as
proper hygienic practices are recommended as measures to keeping antibiotic resistant bacteria at bay.
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Introduction
Antimicrobial resistance is a global health phenomenon that

impacts negatively on our ability to effectively treat and manage

infectious diseases especially those caused by pathogenic bacteria

that produce extended spectrum β-lactamases (ESBLs) [1-4]. This
changing evolutionary mechanism of bacteria to evolve resistance
to antimicrobial agents also affects food security, healthcare and

the economic development of any nation because it limits the num-

ber of choices for antimicrobial therapy and worsens the health

conditions of patients. The prevailing problem of antimicrobial re-

sistance knows no border of any nation and can easily spread from
one region to another if left undetected and uncontrolled. Gram

negative bacteria from abattoir including pathogenic Escherichia
coli represent one of the most relevant reservoirs of antibiotic

resistance genes in the environment; and they can easily transfer
their resistance genes to susceptible bacteria in the environment
through genetic transfer mechanisms. The rising rates of antimicrobial resistance across the globe calls for a concerted effort at

both the national, regional and global levels to halt its effect and

begin to reverse the harm that they cause on some available anti-
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biotics in order to secure the therapeutic efficacy of these agents

Nigeria. A total of 30 anal swab samples were collected from the

with an oxyimino side chain; but they are inhibited by clavulanic

hour for bacteriological analysis.

[1,2,5-8]. ESBLs are enzymes that hydrolyze extended - spectrum

cephalosporins including cefotaxime, ceftriaxone and ceftazidime
acid [2,3,9-11]. They occur mostly in Gram negative bacteria es-

pecially members of the Enterobacteriaceae family such as Escherichia coli and Klebsiella species; and ESBL-producing bacteria
are associated with increased morbidity [1,6]. Though chromo-

somally mediated, ESBL production can also be plasmid-mediated;

and ESBL-producing bacteria was first isolated in Germany in 1983
[12]. However, they have since then spread worldwide – limiting

the efficacy of most antibiotics used for treating bacterial related
infections [1,2,6,7,13]. Organisms producing ESBLs are now found
in both the community and hospital environments; and the irra-

tional use of antibiotics in animal husbandry and in other agricul-

tural purposes could provide room for ESBL-producing bacteria to
emerge and spread via selective pressure of antimicrobial usage.
The introduction of the 3rd-generation cephalosporins into clinical

practice in the early 1980s was heralded as a major breakthrough
in the fight against β-lactamase-mediated bacterial resistance, but

this important discovery in clinical medicine was not long lasting
due to the emergence of drug resistant bacteria pathogens that

now defy the antimicrobial efficacy of these agents [6,12-15]. Nevertheless, the emergence of ESBLs has led to the demise in the anti-

microbial efficacy of some antibiotics, and this has put to threat the

efficacy of other non β-lactam agents in treating bacterial related
infections since ESBL-producing bacteria may be multidrug resis-

tant in nature. Their incidence has been steadily increasing over

the years resulting in the limitation of therapeutic options [1,2,1315]. More worrisome is the occurrence of these organisms in nonhospital environments, which may be attributed to the irrational

use of antibiotics for non-medical purposes. Drug resistant bacteria
continue to be a major problem for health personnel’s around the

world due to the challenges experienced in selecting appropriate

donkeys; and they were transported to the microbiology labora-

tory of Evangel University Akaeze, Ebonyi State, Nigeria within 1
Culture and identification of bacteria
The anal swab samples were each dipped into test tubes con-

taining 5 ml of freshly prepared nutrient broth (Oxoid, UK) and

the tubes were loosely covered with cotton wool and incubated
at 35oC for 18 - 24 hours. Bacterial growth was observed by the
presence or absence of turbidity in the nutrient broth tubes; and a

loopful of the turbid solution in the nutrient broth tubes was asep-

tically subcultured onto freshly prepared MacConkey agar and eosin methylene blue (EMB) agar plates (Oxoid UK) and incubated at

35oC for 18 - 24 hours. E. coli was identified using standard micro-

biology identification techniques including colonial morphology,
Gram staining and biochemical testing [16].
Antibiotic susceptibility testing

This was aseptically carried out on Muller-Hinton agar (Oxoid,

UK) plates using disk diffusion method, and in conformity to the
recommended standard of Clinical and Laboratory Standard Insti-

tute [18]. The antibiotic disks used were: imipenem (10 μg), ceftriaxone (30 μg), cefotaxime (30 μg), cefoxitin (30 μg), amoxicillin-

clavulanic acid (20/10 µg), cefuroxime sodium (30 µg), aztreonam

(30 µg) and cefepime (10 µg) (Oxoid, UK). All susceptibility plates
were incubated at 35oC for 18-24 hours. Percentage susceptibility

and resistance was interpreted from the inhibition zone diameters
(IZDs) produced by the antibiotic disks against the test isolates
[17,18].

Detection of ESBL positive E. coli
ESBL production was phenotypically confirmed in only the E.

therapy for treatment since resistant bacteria are ever evolving in

coli isolates that showed reduced susceptibility to the 3rd-genera-

isms in their routine susceptibility studies using prompt and ac-

oculum of E. coli (adjusted to 0.5 McFarland turbidity standards)

we reported presumptively, the occurrence of ESBL-producing E.

while cefotaxime (30 µg) and ceftazidime (30 µg) discs were each

their antimicrobial resistance mechanisms. It is therefore impor-

tant for microbiology laboratories in Nigeria to detect these organcurate detection techniques that will only select for drug resistant

bacteria pathogens from clinically important samples. In this study,

coli from anal swabs of donkeys in Abakaliki, Nigeria using phenotypic detection protocol.

Materials and Methods
Samples
The samples used for this study was anal swabs from the rectal

region of donkeys due for slaughter in a local abattoir in Abakaliki,

tion cephalosporins (such as cefotaxime and ceftriaxone) using the
double disk synergy test (DDST) technique [3,18]. Standardized inwas aseptically swabbed on the MH agar plates; and amoxycillin-

clavulanic acid disc (20/10 µg) was placed at the centre of the plate

adjacently placed at a distance of 15 mm away from the amoxycillin-clavulanic acid disc. The plates were incubated at 37oC for

18 - 24 hrs; and ESBL production was phenotypically inferred by

the determination of a difference of ≥ 5 mm increase in the inhibition zone diameter when the cephalosporins was used alone and
in combination with amoxicillin-clavulanic acid [2,3].
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Results

Organism

Table 1 shows the result of the biochemical tests and mor-

phological identification of the isolated Escherichia coli isolates
recovered from the anal swab samples of donkeys in this study.

A total of 25 E. coli isolates was bacteriologically recovered from

E. coli

04

No of isolates
tested

ESBL positive
n (%)

ESBL negative
n (%)

25

2(8)

8(92)

Table 3: DDST detection of ESBL in 25 isolates of E. coli.

the anal swab samples analyzed. E. coli is an enteric organism that

Discussion

some community acquired infections such as urinary tract infec-

riaceae family of bacteria; and even though many strains of Esch-

is ubiquitous in the gastrointestinal tract of humans and animals;

and pathogenic strains of the organism are usually responsible for
tions (UTIs). The result of the antimicrobial susceptibility testing

Escherichia coli is a well-known member of the Enterobacte-

erichia are commensal in nature; a handful of E. coli strains can

of the isolated E. coli isolates is shown in table 2. The isolated E.

be pathogenic in nature and even carry and transmit antibiotic

to aztreonam, cefepime, cefuroxime, cefotaxime and ceftriaxone

or food borne infections, in which most of the outbreaks has been

coli isolates showed varying levels of resistance and susceptibility

to the tested antibiotics; but they were found to be highly resistant
(Table 2).

Sample Organism
Source
(n = 30)
Anal
swabs
of
donkey

Escherichia coli

n (%)
25
(52.5)

MorphoGram
logical
reaction
appearance
Pink, lactose
fermenting
colonies on
MAC; and
metallic sheen
colonies on
EMB

Negative

Indole
test
Positive

Resistant

IMP (10 µg)

25 (100)

0 (0)

CRO (30 µg)

10 (40)

CTX (30 µg)

CXM (30 µg)

ATM (30 µg)
FEP (10 µg)

mon indicator in faecal contamination of water bodies; and strains

of E. coli harbouring antibiotic resistance genes such as those responsible for the production of extended spectrum β-lactamases

(ESBLs) could worsen the clinical condition of people infected by
the organism due to their antibiotic resistant nature. In this study,
the frequency of ESBL-positive E. coli isolates recovered from the

lyzed in this study, a total of 25 isolates of E. coli was recovered;

Susceptible n (%)

FOX (30 µg)

during food processing. As an enteric organism, E. coli is a com-

vestigated. Out of the 30 anal swab samples bacteriologically ana-

Number of Isolates; %=Percentage.

20 (80)

attributed to poor food management and poor hygienic practices

in Abakaliki, Nigeria was bacteriologically and phenotypically in-

Key: MAC: MacConkey Agar, EMB: Eosin Methylene blue; n:

AMC (20/10 µg)

implicated as a major causative agent in some water borne and/

anal swab samples of donkeys due for slaughter in a local abattoir

Table 1: Characterisation of E. coil isolates.

Antibiotics n (%)

resistance genes in their environment. More so, E. coli is usually

and these isolates also produced varying rates of susceptibility and
resistance to the antimicrobial agents tested against them. E. coli-

have been reported as an important pathogen in the community

and is responsible for a handful of community acquired infections
[2,19,20]. Proper boiling and cooking of donkey meat products is
important to avoid the contamination or contraction of infection
through them. The E. coli isolates showed very high levels of resis-

5 (20)

tance to the tested antibiotics particularly to cefepime, aztreonam,

0 (0)

25 (100)

E. coli isolates showed reduced susceptibility to imipenem, a car-

0 (0)

25 (100)

7 (68)
0 (0)

0 (0)

8 (32)

15 (60)

25 (100)

25 (100)

Table 2: Results of antimicrobial susceptibility testing.

KEY: IMP-Imipenem; AMC: Amoxicillin-Clavulanic Acid; CRO:
Ceftriaxone; CTX: Cefotaxime; FOX: Cefoxitin; CXM: Cefuroxime Sodium; ATM: Aztreonam; FEP: Cefepime.

cefuroxime and cefotaxime – to which they were completely resistant to and had a resistance rate of 100 %. However, none of the

bapenem which is used to treat infections caused by ESBL-producing bacteria [1,8,11]. Imipenem followed by amoxicillin-clavulanic

acid and cefoxitin were the best performing antibiotics in terms
of their antimicrobial activity against the E. coli isolates used in

this study. Out of the 25 E. coli isolates bacteriologically recovered
from the anal swab samples of the donkeys, ESBL production was

phenotypically detected in only 2 (8 %) isolates. The other 23 iso-

lates of E. coli were not phenotypically confirmed ESBL producers
by the DDST technique used in our study. The prevalence of ESBL-

producing bacteria in non-hospital environment such as abattoirs
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and poultry farms have been previously reported [3,4,9,13,19-21].
This study is one among the many reports of the prevalence of ESBL

producing bacteria in the non-hospital environment in Nigeria; and
this could be attributable to the irrational usage of antimicrobial

agents in animal production and in veterinary practices, which has
allowed resistant strains of bacteria including those that produce
ESBLs to emerge and spread. This scenario is of public health im-

portance because ESBL detection and the detection of other forms
of multidrug resistant bacteria is not yet a routine laboratory practice in our local hospitals; and the country still has no national plan

to contain the irrational use of antibiotics especially for non-human
purposes. Our study is only but a preliminary study and may not be

a reflection of what is actually happening in the study area. How-

ever, there is need to be on the lookout for drug resistant bacteria
in this part of the world and in Nigeria as a whole – owing to the fact

that antibiotics are obtained over-the-count (OTC) even without a

doctor’s prescription; and the usage of antibiotics for animal hus-

bandry, poultry production and in other agricultural and veterinary
practices allow resistant organisms including those that produce
ESBLs to emerge and spread.

Conclusion

In conclusion, our study presumptively revealed that the E. coli

isolates from this particular donkey abattoir are multidrug resistant in nature; and they also express ESBL phenotypically. Adequate

measures are required for the handling of animals in order to avoid
horizontal transmission of the ESBL-producing bacteria to humans.

However, the prohibition of the use of antibiotics in animal husbandry as well as proper hygienic practices are recommended as
measures to keeping antibiotic resistant bacteria at bay.
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