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Abstract

Background and Aim: Farm animals, including cattle, have been implicated as antimicrobial-resistant bacterial pathogen
reservoirs. This study aimed to determine the antimicrobial resistance profiles and genetic characteristics of cattle colonized
by fluoroquinolone-resistant and extended-spectrum beta-lactamase (ESBL)-producing Escherichia coli in Ebonyi state,
Nigeria.

Materials and Methods: We randomly collected 100 fresh fecal samples from 100 cattle in major abattoirs and analyzed
the samples using standard microbiological methods. Isolates were further characterized by polymerase chain reaction
(PCR) using 16S rRNA sequence primers. Phenotypic detection of ESBL production was performed using the double disk
synergy test. Antimicrobial susceptibility profiles of ESBL-producing Escherichia coli were determined using the disk
diffusion method, whereas molecular characterization of ESBL- and fluoroquinolone-resistant genes was performed by
PCR using specific primers.

Results: A total of 20 (20%) ESBL-producing E. coli were isolated from 100 animal fecal samples. Isolates were generally
multidrug-resistant (MDR) with aresistance rate of 100% to 45% to trimethoprim-sulfamethoxazole, tetracycline, amoxicillin,
cephalosporins, and ciprofloxacin. The average multiple antibiotic resistance index values of the isolates ranged from 0.5
to 0.8. BIaTEM (75%), followed by blaCTX-M (20%) and blaSHV (5.0%) was the most predominant ESBL gene among
the isolates. The Aac-Ib-6-cr fluoroquinolone-resistant gene was harbored by 90% of the isolates, whereas Onr was absent.

Conclusion: This study showed a high frequency of MDR ESBL-producing E. coli harboring ESBL and fluoroquinolone-
resistant genes in fecal samples of cattle with serious public health consequences if not adequately addressed.

Keywords: Escherichia coli, extended-spectrum beta-lactamase genes, fluoroquinolone resistance genes, cattle,
multidrug-resistance.

Introduction dissemination of antimicrobial resistance (AMR)
among various populations, including humans [2].
There is a close association between the use of antimi-
crobial agents for the treatment of infections in animals
and the levels of resistance observed [3]. The World
Health Organization recommended the prudent use of
fluoroquinolones and beta-lactams in both human and
veterinary medicine because of the strong correlation

Escherichia coli is a Gram-negative commensal
bacterium found in a wide range of ecosystems, includ-
ing the intestinal tract of animals. However, extraintes-
tinal pathogenic E. coli (ExPEC) has been implicated
in serious diseases of animals and humans, especially
EXPEC strains that cause diseases in almost any organ
or anatomical site of animals [1]. Animals have been ' : . )
implicated as reservoirs for the spread of antimicro- between their consumption and increased resistance [4].
bial-resistant bacteria (ARB) and various resistance Fluoroquinolones are antimicrobial agents of choice for
genes; thus, keeping livestock or the livestock pro- the treatment of various 1ncht10ns caused by E. golz or
fession is widely believed to be a risk factor for the ~ Other Gram-negative bacteria. Because fluoroquinolo-
nes and beta-lactams are extensively used for multiple
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substrate profile that allows the hydrolysis of cephalo-
sporin, penicillin, and aztreonam [7].

However, during the past decade, the rapid and
massive spread of CTX-M type ESBLs has been
described, which has become the main epidemic gen-
otype worldwide, whereas the OXA gene is the least
prevalent [2, 6]. In addition, target sites for fluoro-
quinolone resistance in E. coli strains are bacterial
topoisomerases, namely, DNA gyrase (topoisomer-
ase II) as the primary site and topoisomerase IV as
a secondary target [8]. Both enzymes are necessary
for bacterial DNA replication. Mutations in specific
domains of gyrd, gyrB, parC, and parE cause single
amino acid changes in either gyrase or topoisomerase
IV that contribute to quinolone resistance [8].

Although antimicrobial-resistant genes
(ARG) can spread clonally [9], mobile genetic ele-
ments carrying ARG can be transferred between
bacteria, notably from commensal to pathogenic
Enterobacteriaceae [10]. The epidemic of antibiotic
resistance at the global level is due to the excessive
and inappropriate use of antimicrobials in veterinary
practice, which strongly accelerates the develop-
ment and diffusion of resistant strains. For example,
intensive livestock farming, which requires farmers
to rely more heavily on antibiotics has significantly
increased the prevalence of ARB in farm animals and
food. However, there is still a paucity of information
focusing on ESBL-producing E. coli colonization of
cattle, especially in Nigeria. Therefore, investigating
and understanding the occurrence frequencies and
molecular characteristics of beta-lactam- and fluoro-
quinolone-resistant E£. coli from food-producing ani-
mals in Nigeria is of public health importance.

This study aimed to determine the antimicro-
bial resistance profiles and molecular characteristics
of cattle colonized by fluoroquinolone-resistant and
extended-spectrum beta-lactamase (ESBL)-producing
Escherichia coli in Ebonyi state, Nigeria.

Materials and Methods

Ethical approval

Ethical approval was not required for this study
because live animals were not used in this study. In this
study, fecal samples of cattle were collected in abat-
toirs. Informed consent and permission were sought
from owners of abattoirs and relevant agency/institu-
tion before fecal samples of cattle were collected.

Study period and location

This study was conducted from February 2019
to January 2021 in Afikpo and Abakaliki metropolis,
Ebonyi State, Nigeria.

Sample collection

One hundred fresh fecal samples of cattle were
collected from abattoirs; Abakaliki (50 samples)
and Afikpo (50 samples) metropolis, Ebonyi State,
Nigeria. Collected samples were immediately trans-
ported in Cary Blair transport medium (Liofilchem,

Italy) to the laboratory within 1 h of collection for
bacteriological analysis.

Bacteriological analysis

Swab samples were dipped into test tubes con-
taining 5 mL of sterile brain-heart infusion broth
(Oxo0id, UK) and incubated at 35°C for 18-24 h.
Loopfuls of tubes with turbidity were aseptically
streaked onto MacConkey agar and Eosin Methylene
Blue agar plates (Merck Co., Germany) and incu-
bated at 35°C for 18-24 h. E. coli was identified using
standard microbiological identification techniques,
including colonial morphology, Gram staining, motil-
ity, and biochemical tests, as previously described by
Cheesbrough [11], and John-Onwe et al. [12].

Detection of E. coli producing ESBL

ESBL production was phenotypically confirmed
by the double disk synergy test technique using E. coli
isolates that showed reduced susceptibility to third-gen-
eration cephalosporins [12, 13]. Standardized E. coli
inoculum (adjusted to 0.5 McFarland turbidity stan-
dards) was aseptically swabbed on Mueller-Hinton
(MH) agar plates, and amoxicillin/clavulanic acid disk
(20/10 ng) was placed at the center of the plate, while
cefotaxime (30 ug) and ceftazidime (30 pg) disks
were placed adjacently at a distance of 15 mm. The
plates were then incubated at 37°C for 18-24 h, and
ESBL production was phenotypically inferred by the
expansion of the zone of inhibition for cefotaxime or
ceftazidime in the presence of amoxicillin—clavulanic
acid compared with that in the absence of amoxicil-
lin-clavulanic acid, giving a dumbbell shape [12, 14].

Antimicrobial susceptibility testing

The disk diffusion method was used according
to the guidelines of Clinical and Laboratory Standards
Institute [15]. A suspension was prepared from a 24-h
growth of the test organisms in sterile water to match
the 0.5 McFarland turbidity standard. It was seeded
on the entire surface of solidified MH agar plates.
The following antibiotics were tested against the iso-
lated bacteria: Amikacin (10 pg), amoxicillin (30 pg),
amoxicillin/clavulanic acid (20/10 pg), ceftazidime
(30 pg), ceftriaxone (30 pg), cefotaxime (30 pg),
cefuroxime (30 pg), cefoxitin (30 pg), ciprofloxacin
(10 pg), imipenem (30 pg), ofloxacin (30 pg), tetra-
cycline (30 pg), and trimethoprim-sulfamethoxazole
(25 pg) (Oxoid). The inoculated MH agar plates were
incubated at 35°C-37°C in an aerobic atmosphere for
18-24 h. Inhibition zone diameters were measured,
recorded, and interpreted as resistant or susceptible
according to established guidelines [15]. In this study,
isolates with intermediate resistance were classified as
“resistant.”

Determination of multiple antibiotic resistance index
(MARI)

MARI was calculated for each isolate based on
the interpreted results of the disk diffusion method.
MARI was calculated as the number of antibiotics to
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which an isolate is resistant (x) divided by the total
number of antibiotics tested against the isolate (y) [16].

Detection of fluoroquinolone-resistant-encoding
genes by polymerase chain reaction (PCR)

A ZR fungal/bacterial DNA kit (Cat number:
D6005) was used for DNA extraction. The PCR mix
comprised 12.5 pL of Taq 2X Master Mix from New
England Biolabs (M0270), 1 pL each of 10 M for-
ward and reverse primers, 2 pL of DNA template, and
8.5 uL of nuclease-free water. The oligonucleotide
nucleotide primers used are listed in Table-1 [17-20].
The following PCR conditions were used: initial
denaturation at 94°C for 5 min, followed by 36 cycles
of denaturation at 94°C for 30 s, annealing at 55°C for
30 s, and elongation at 72°C for 45 s. A final elonga-
tion step was performed at 72°C for 7 min and a hold
temperature of 10°C. Electrophoresis was conducted
at 80-150 V for approximately 1-1.5 h. Amplified
PCR products were then visualized under an ultravio-
let transilluminator (Cleaver Scientific, UK).

Results

Twenty (20%) ESBL-producing E. coli isolates
were recovered from 100 cattle fecal samples collected
from the selected abattoirs in Abakaliki and Afikpo,
as shown in Table-2. ESB-producing E. coli detection
rate was higher in abattoir samples collected from
Afikpo (24%) than from Abakaliki (16%) (Table-2).

Isolates are generally highly resistant to tri-
methoprim-sulfamethoxazole, tetracycline, amox-
icillin, cefotaxime, cefuroxime, ceftriaxone, cef-
tazidime, amoxicillin-clavulanic acid, and cefoxitin
(100%—70%). A low frequency of ciprofloxacin resis-
tance (45%) was observed, but all isolates were com-
pletely susceptible (100%) to amikacin and imipenem
(Table-3).

MARI values
0.5 and 0.8.

The PCR results showed that b/aTEM (75.0%),
blaSHV (5.0%), and blaCTX-M (20.0%) were har-
bored by ESBL-producing E. coli isolates. One isolate
harbored both hlaTEM and blaSHV genes (Table-4).
The fluoroquinolone-resistant gene Onr was absent in
all isolates, whereas aac-Ib-6-cr was present in 95%
of the isolates (Table-4).

of isolates ranged between

Discussion

E. coli is a major member of Enterobacteriaceae
that colonizes the digestive system of warm-blooded
animals [21]. It is also considered to be an important
indicator of fecal contamination in foods. Although
most E. coli strains are non-pathogenic, some can
cause a variety of intestinal and extraintestinal infec-
tions in humans and animals [22].

In this study, 20 (20%) ESBL-producing E. coli
were isolated from 100 cattle fecal samples collected
from different abattoirs in Abakaliki and Afikpo
metropolis, Ebonyi State, Nigeria. ESBL-producing
E. coli occurrence frequencies in cattle fecal samples
have been reported in Turkey [23] and China [24]
with frequencies of 15% and 23.5%, respectively. In
contrast, Olowe et al. [25] reported a higher detection
rate (71%) of ESBL-producing E. coli in cattle fecal
samples from Ado-Ekiti, Nigeria. A higher detection
rate (58.2%) has also been reported in a cattle farm in
South Africa [26].

ESBL genes are generally located on plasmids
that can spread easily among commensals and patho-
genic bacteria in farm animal herds and the environ-
ment. However, the isolation rates of ESBL-producing
E. coli from cattle fecal samples differ depending on the
animal population, geographical areas under study, age
of animals, and nature of feeds [27]. ESBL-producing
E. coli is mostly reported in poultry and pigs due to
the extensive use of broad-spectrum antibiotics [24].
The differences in the frequency of occurrence of
ESBL-producing E. coli in our study compared with
other reports might possibly be because we evaluated
fecal samples of cattle that were readily available
in the abattoirs, unlike other studies that evaluated
animal herds. This difference in the evaluated cattle
population may possibly influence the detection rate
of ESBL-producing E. coli in cattle fecal samples.
However, further studies are required to confirm this.
The observed prevalence of ESBL producers in cat-
tle fecal samples in the present study further supports
the hypothesis that animals might become infectious
sources or even reservoirs (the natural persistent
source of infection) contributing to the spread of these
bacterial pathogens [28]. Although the epidemiologi-
cal impact and evaluation of ESBL-producing E. coli

Table-1: Oligonucleotide primers for ESBL and fluoroquinolone-resistant encoding genes.

Genes Primer sequences (5’-3’) Amplicon size (bp) Reference
TEM F: CATTTCCGTGTCGCCCTTATTC 1350 [17]
R: CGTTCATCCATAGTTGCCTGAC
SHV F: AGCCGCTTGAGCAAATTAAAC 700 [17]
R: ATCCCGCAGATAAATCACCAC
CTX-M F: GTTACAATGTGTGAGAAGCAG 550 [18]
R: CCGTTTCCGCTATTACAAA
aac (6)-Ib-cr- F: TTGCGATGCTCTATGAGTGGCTA 1350 [19]
R: CTCGAATGCCTGGCGTGTTT
Qnr F: ATTTCTCACGCCAGGATTTG 200 [20]

R: GATCGGCAAAGGTTAGGTCA

ESBL=Extended-spectrum beta-lactamase
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Table-2: Occurrence frequencies of extended-spectrum
beta-lactamase (ESBL)-producing Escherichia coli in fecal
samples of cows in selected abattoirs.

Metropolis Sample Samples ESBL-positive
source collected
Abattoir A 10 2
Abattoir B 10 1

Abakaliki Abattoir C 10 0
Abattoir D 10 5
Abattoir E 10 0
Total 50 8 (16%)

Afikpo Abattoir A 10 3
Abattoir B 10 6
Abattoir C 10 2
Abattoir D 10 1
Abattoir E 10 0
Total 50 12 (24%)
Overall total 100 20 (20%)

ESBL=Extended-spectrum beta-lactamase

Table-3: Antimicrobial resistance profiles of
ESBL-producing Escherichia coli isolated from fecal
samples of cattle in abattoirs.

Antimicrobials Resistance (%)

Amoxicillin-clavulanic acid 15 (75)
Amoxicillin 19 (95)
Cefotaxime 19 (95)
Cefuroxime 17 (85)
Cefoxitin 14 (70)
Ceftriaxone 17 (85)
Ceftazidime 15 (75)
Ciprofloxacin 9 (45)

Tetracycline 20 (100)
Trimethoprim-sulfamethoxazole 20 (100)
Amikacin 0 (0)

Imipenem 0 (0)

ESBL=Extended-spectrum beta-lactamase

Table-4: Occurrence frequency of fluoroquinolone and
beta-lactamase resistance genes in ESBL-producing E. coli
isolates.

Antimicrobial Resistance Positive isolates
Class genes n (%)
B-lactams blaTEM 15 (75.0)
blaSHV 1 (5.0)
blaCTX-M 4 (20.0)
blaTEM + blaSHV 1 (5.0)
Fluoroquinolones  Qnr 0 (0.0)
aac-Ib-6-cr 19 (95)

are still underestimated due to low awareness, the
pathogenic traits exhibited by these bacterial patho-
gens colonizing food-producing animals call for gross
surveillance in community settings, especially now
that its spread is a growing global threat for currently
available antimicrobials.

In our study, E. coli isolates from cattle fecal
samples from abattoirs were multidrug-resistant
(MDR) with MARI values ranging from 0.5 to 0.8.
In general, isolates exhibited resistance to trimetho-
prim-sulfamethoxazole (100%), tetracycline (100%),
amoxicillin (95%), cephalosporins (75%-95%), and

ciprofloxacin (45%), which are the commonly used
antimicrobials in our study area.

The results of our study reiterate the find-
ings of other studies that have reported an increas-
ing and alarming rate of antibiotic resistance among
bacteria, particularly E. coli from cattle and other
animals [25]. According to some previous studies,
the resistance frequencies of ESBL-producing E. coli
from fecal samples of cattle to cephalosporins ranged
from 58% to 95% [29, 30]. The frequencies of resis-
tance to cephalosporins reported by other researchers
are similar to those observed in our study (75%—95%).
Resistance to tetracycline, a commonly used first-line
antimicrobial for domestic animals [31], has also been
reported. All isolates in our study were completely
resistant (100%) to tetracycline and trimethoprim-sul-
famethoxazole. This is supported by the excessive
and long-term use of these antimicrobials for disease
treatment, prophylaxis, or livestock growth promo-
tion in our study area. Resistance to ciprofloxacin and
beta-lactams (38.9%—100%) has also been reported
elsewhere [18, 22, 30, 32].

All isolates in this study were completely sus-
ceptible to imipenem and amikacin. This is supported
by existing trends in other studies [23, 33]. The high
activity of amikacin and imipenem in our study area
can be attributed to their very low usage due to the
strict restrictions imposed on them, as well as the
stress associated with parental preparation.

In Nigeria, beta-lactams, aminoglycosides, fluo-
roquinolones, folate pathway inhibitors, and tetracy-
clines are widely used for the treatment of a variety
of infections (e.g., enteritis, mastitis, pneumonia, and
septicemia), which may lead to selective pressure,
thus favoring the emergence of MDR bacteria.

In the present study, b/aTEM was the most pre-
dominant ESBL gene harbored by ESBL-producing
E. coli isolates with a frequency of 75%. This was
followed by blaCTX-M (20.0%) and blaSHV (5.0%).
Interestingly, the isolate also co-harbored ESBL genes
(blaTEM + blaSHV). ESBL-producing E. coli harbor-
ing the blaTEM gene has also been reported in fecal
samples of cattle in Nigeria [17, 25] and other regions,
especially in Europe [34]. The blaCTX-M gene has
also been reported in fecal samples of cattle [23, 35].
The quinolone resistance rate in E. coli is unusually
high, especially in ESBL-producing strains [36].
Moreover, plasmids carrying plasmid-mediated
quinolone resistance genes may harbor genes that
confer resistance to extended-spectrum cephalospo-
rin and/or resistance to other classes of antimicrobial
agents [37]. This is evident in the resistance traits of
the isolates in our study as 95% of these MDR ESBL-
producing E. coli harbored the aac-Ib-6-cr gene, a flu-
oroquinonlone-resistant gene. In China, aac(6)-1b-cr
genes have been detected in 8.0% ESBL-producing
E. coli harboring hlaCTX-M-14 and TEM-1 [38]. On
the other hand, Onr was not harbored by any of the
isolates in this study. Previous studies have reported
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E. coli isolates from fecal samples of farm animals
harboring the aac(6’)-1b-cr fluoroquinolone-resistant
gene [1, 39].

Although MDR ESBL-producing E. coli from
the fecal samples of cows in abattoirs in our study was
reported, further studies are required to comprehen-
sively understand the prevalence, pathogenic arsenals,
clonal relatedness/diversities, and epidemiological
identities of bacterial pathogens colonizing food-pro-
ducing animals, particularly cattle.

Conclusion

This study reports a high frequency of MDR ESBL-
producing E. coli from cow fecal samples collected
from abattoirs in our study region. Isolates harbored
blaTEM (75%), blaCTX-M (20.0%), blaSHV (5.0%),
and aac-lb-6-cr (95%) genes. The high frequency of
ESBL- and fluoroquinolone-resistant genes harbored by
ESBL-producing E. coli isolates in the present study is
worrisome and has a significant public health impact.
Therefore, there is a need to establish more surveillance
studies to further monitor AMR trends in food-produc-
ing animals (including their by-products) and to formu-
late strong policies to prevent the misuse of antimicrobi-
als, especially in veterinary medicine.
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