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Abstract

Indiscriminate dumping of wastes from abattoirs has contributed to the proliferation of antibiotic re-
sistance in the environment. Most studies in Nigeria have focused on the phenotypic detection of extended 
spectrum β-lactamase (ESBL) production in bacteria from the abattoir environment, with few carrying out 
ESBL genotyping of the isolates. This study characterized and genotyped ESBL- producing Escherichia 
coli associated with leachate generated from the waste dumps of a public abattoir. Presumptive ESBL- 
producing E. coli were isolated on chromogenic medium from leachates collected from three designated 
points. Fifty-five non-duplicated isolates showing carriage of uidA gene were selected for further studies. 
The resistance manifested to a panel of five selected antibiotics by the fifty-five isolates was: imipenem 
(0%), enrofloxacin (14.5%), sulfamethoxazole-trimethoprim (69.1%), oxytetracycline (78.2%) and cefo-
taxime (98.2%). Thirty-five of the isolates showed resistance to three or more classes of antibiotics and 
were termed multidrug-resistant. It was observed that blaCTX-M was the most predominant ESBL gene with 
51/55 (92.7%) isolates carrying the gene, 27/55 (49.5%) carried blaTEM while one isolate carried blaSHV. 
Twenty-four isolates (43.6%) carried two of the three targeted ESBL genes, while one isolate carried all 
the three ESBL genes. Twenty-eight of the isolates (50.9%) carried only one gene, while two isolates were 
devoid of any of the ESBL genes. This study has shown that abattoir leachates is a repository of multidrug 
resistant and ESBL- producing E. coli, highlighting the need for adequate waste disposal and proper waste 
treatment in abattoirs.
Keywords: Abattoir leachate, uidA, ESBL- producing Escherichia coli, antibiotic resistance, multidrug 
resistance, blaSHV, blaCTX-M, blaTEM.

Резюме
Безразборното изхвърляне на отпадъци от кланиците допринася за разпространението на ан-

тибиотична резистентност в околната среда. Повечето проучвания в Нигерия са фокусирани вър-
ху фенотипното откриване на синтезата на β-лактамаза с разширен спектър (ESBL) от бактерии, 
изолирани от околностите на кланици, като малцина извършват ESBL генотипиране на изолатите. 
Това проучване е фокусирано върху характеризирането и генотипизирането на ESBL-продуциращи 
изолати Escherichia coli от инфилтрати, генерирани от депата за отпадъци на обществена кланица. 
Предполагаемите ESBL-продуциращи Е. coli са изолирани върху хромогенна среда от инфилтрати, 
събрани от три определени точки. Петдесет и пет недублирани изолати, носители на uidA ген са 
избрани за по-нататъшни изследвания. Резистентността, проявена от петдесет и пет изолата към 
група от пет избрани антибиотика е следната: имипенем (0%), енрофлоксацин (14.5%), сулфаме-
токсазол-триметоприм (69.1%), окситетрациклин (78.2%) и цефотаксим (98.2%). Тридесет и пет от 
изолатите показват резистентност към три или повече класа антибиотици и са наречени мултирез-
истентни. Наблюдава се, че blaCTX-M е най-преобладаващият ESBL ген в 51/55 (92.7%) изолати, 
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Introduction
Globally, antibiotic resistance is one of the 

most prevailing challenges affecting public and 
environmental health (CDC, 2013). In 2017, the 
World Health Organization (WHO) published a list 
of resistant microorganisms against which there is 
an urgent need of new antibiotics to combat them, 
and part of the organisms that constitute the ”high-
est priority” pathogens are the extended spectrum 
β-lactamase (ESBL)-producing Enterobacterales 
(WHO, 2017). ESBL- producing bacteria have as-
sumed the status of an emerging global threat due 
to their increasing prevalence in livestock after be-
ing initially linked with the human population (En-
och et al., 2012; Reuland et al., 2013). ESBL- pro-
ducing organisms possess the genes which confer 
on them the ability to hydrolyze extended-spectrum 
cephalosporins and monobactams. Several variants 
of the ESBL genes exist and more are still being 
discovered and unveiled (Allen et al., 2010; Jia et 
al., 2017).

Pollution of the environment is a problem 
facing the globe, and it has had an enormous influ-
ence on the health status of the human population. 
Many times, a majority of diseases facing man are 
due to the effect of prolonged exposure to pollut-
ants in the environment. The abattoir environment 
is one of the major contributors to pollution, espe-
cially in under-developed and developing countries 
of the world, especially Africa. This is because 
wastes from abattoir operations containing several 
chemicals and nutrients which could facilitate the 
proliferation of microorganisms, especially bacte-
ria, are disposed into receiving water bodies with-
out any form of treatment, thus leading to pollu-
tion of water bodies and the environment at large 
(Fereidoun et al., 2007; WHO, 2010). The abattoir 
environment has been known to be a repository and 
vehicle for the transmission of parasitic organisms 
and some potentially pathogenic organisms; espe-
cially Enterobacterales, of which E. coli is a prom-
inent member (Cadmus et al., 1999).

In Nigeria, wastes generated from the activi-
ties and operations of abattoirs, including leachates, 
are discharged into the surrounding environment 
without any form of treatment, and the composi-

tion of these wastes, including antibiotic residues 
and nutrients, could facilitate the growth of micro-
organisms and also place selective pressure on the 
microflora of such wastes. Most studies on ESBL- 
producing bacteria have been carried out on sam-
ples of clinical origin, with few focusing attention 
on wastewater and leachates from abattoir opera-
tions. This study investigated the antibiotic resist-
ance profile and carriage of ESBL genes by ESBL- 
producing E. coli recovered from leachates flowing 
out of the waste-disposal dumps of a public abattoir 
in Ibadan, Southwest Nigeria. 
Materials and Methods
Study site and sample collection

The study was carried out at the popular Cen-
tral abattoir, Ibadan. The abattoir is located in Amo-
sun village, Akinyele Local Government area of 
Oyo state in the Southwestern part of Nigeria and 
is a product of a public-private partnership initia-
tive. The abattoir, which is one of the foremost in 
the state (Fig. 1), is characterized by the dumping 
of wastes generated from slaughtering of animals 
and other animal processing operations into heaps, 
which constitute a horrible sight and slowly decom-
pose over time. Apart from the periodic removal 
of the waste heaps, there is no other effective and 
operational procedure on-site for the disposal and 
treatment of wastes generated from the activities 
carried out at the abattoir. 

Fig. 1. Map showing the main abattoirs in Ibadan 
metropolis (Central abattoir, Ibadan is in the 
BLACK ring).

The decomposition of these heaps is accom-
panied by the release of leachates which flow freely 

носещи гена, 27/55 (49.5%) носят blaTEM, докато един изолат носи blaSHV. Двадесет и четири из-
олата (43.6%) носят два от трите целеви ESBL гена, докато един изолат носи всичките три ESBL 
гена. Двадесет и осем от изолатите (50.9%) носят само един ген, докато два изолата са лишени от 
ESBL гени. Това проучване показа, че излугването на кланиците е хранилище на мултирезистентни 
и ESBL-продуциращи E. Coli и подчертава необходимостта от адекватно обезвреждане на отпадъци-
те и правилното им третиране в кланиците.
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into the environment surrounding the abattoir. Col-
lection of leachates in triplicates was carried out 
weekly for a period of three months (August-Oc-
tober, 2020). Three sampling points approximately 
150 meters apart were selected for the collection 
of leachate samples. The samples were collected 
into sterile universal bottles and transported into 
the laboratory on ice for microbiological analysis. 
Samples were analyzed within two hours of collec-
tion. One of the sampling points for the collection 
of leachate sample is shown in Fig. 2. 

Fig. 2. One of the sampling points where leachate 
samples were collected at Central abattoir, Ibadan

Isolation and molecular characterization of ESBL- 
producing E. coli

Isolation of ESBL- producing E. coli from 
the leachate was carried out on CHROMagar ESBL 
(CHROMagar, France) using the streak plate tech-
nique. Incubation was done at 35±2oC for 18-24 
hours. Typical pink-pigmented colonies presump-
tive of the target organism were selected, purified 
and characterized using conventional methods. 
They were thereafter stored in glycerol stock (15% 
glycerol). The isolates were further characterized 
by the detection of genus-specific uidA gene, which 
encodes the production of β-glucuronidase in E. 
coli. 

The total genomic DNA of the presumptive 
isolates was extracted using the Quick-DNA Fun-
gal/Bacterial Miniprep Kit (Zymo Research Cor-
poration, USA). The primer sequence for the gene 
is listed in Table 1. The amplification condition for 
uidA included an initial denaturation of 94°C for 
5 mins, followed by 30 cycles of 95°C (30 secs), 
58°C (60 secs) and 72°C (60 secs), with a final ex-
tension of 72°C for 8 mins, according to the method 
of Janezic et al. (2013). The isolates possessing the 
uidA were selected for antibiotic susceptibility and 
detection of ESBL genes. 
Susceptibility to selected antibiotics

The susceptibility of the ESBL producers 

to a panel of antibiotics belonging to five differ-
ent classes was determined using the Kirby-Bau-
er disc diffusion method (Bauer et al., 1996). The 
tested antibiotics were obtained from Oxoid, Unit-
ed Kingdom and included: imipenem (10μg), sul-
famethoxazole-trimethoprim (25 μg), oxytetracy-
cline (30 μg), enrofloxacin (5 μg) and cefotaxime 
(30 μg). The antibiotics were selected taking into 
consideration the antibiotic types majorly adminis-
tered to farm animals and the recommended panel 
of antibiotics according to CLSI (2021). 

Overnight cultures of the confirmed ESBL- 
producing E. coli were inoculated into sterile nor-
mal saline (0.85% NaCl), and the density adjusted to 
0.5 McFarland standard. Sterile cotton swab sticks 
were used to introduce the suspension uniform-
ly onto the surface of Mueller Hinton agar plates. 
With the aid of a disc dispenser, the antibiotic discs 
were placed on the inoculated plates and incubat-
ed at 35±2ºC for 18-24 hours. The zones of inhibi-
tion in millimeters were measured and interpreted 
as sensitive (S), intermediate (I), and resistant (R), 
using the CLSI (2021) criteria. The data obtained 
were used to denote the phenotype of resistance of 
each isolate to the tested antibiotics. 
PCR amplification of blaCTX-M, blaTEM and blaSHV

The amplification of blaSHV and blaTEM genes 
was done using multiplex PCR whereby the ex-
tracted DNA (1 µl) was used as the template in a 25 
µl reaction volume consisting of Master mix (In-
qaba Biotec, South Africa) 12.5 µl, nuclease-free 
water (10.75 µl), 10pmol/mL primer concentration 
of 0.25 µl each of the forward and reverse primers 
of blaTEM and 0.125 µl of the forward and reverse 
primers of blaSHV. The PCR conditions were: initial 
denaturation step at 94°C for 5 mins, 30cyles of de-
naturation at 94oC for 30 secs, annealing at 50°C for 
30 sec and extension at 72°C for 90 secs, followed 
by a final extension at 72°C for 10 mins (Maynard 
et al., 2004). The amplification of blaCTX-M was per-
formed using monoplex PCR under the following 
conditions: initial denaturation step at 94°C for 5 
min, denaturation at 94°C for 30 secs, primer an-
nealing at 56°C for 60 secs, extension at 72°C for 
60 secs (30 cycles) and final extension at 72°C for 
10 min, with the PCR mixture (25 µl) containing 
Master mix (12.5 µl), (Inqaba Biotec, South Afri-
ca) nuclease-free water (11 µl), 10pmol/mL primer 
concentration (0.25 µl each of blaCTX-M forward and 
reverse primers) and 1 µl of DNA template (Men-
donça et al., 2007). The amplicons were resolved 
on 1.5% agarose gel electrophoresis. The primer 
sequences of the genes are shown in Table 1. 
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Results
The frequency of occurrence of ESBL- pro-

ducing E. coli in leachate obtained from the abattoir 
at three designated sampling points is summarized 
in Table 2.  A total of fifty-five ESBL producers were 
obtained, of which 21 (38.2%) were obtained from 
sampling point C, with seventeen isolates each ob-
tained from sampling points A and B respectively.

Table 2. Frequency of ESBL- producing E. coli 
obtained from the three sampling points

Sampling 
point

No. of  
ESBL-

producing  
E. coli 

obtained

Percentage of total 
isolates  

obtained from the point 
(%)

Point A 17 30.9

Point B 17 30.9

Point C 21 38.2

The resistance (%) of the ESBL- producing 
E. coli obtained to the five selected antibiotics is 
shown in Fig. 3. None of the isolates obtained was 
resistant to imipenem (a carbapenem antibiotic), 
with 14.5% showing resistance to enrofloxacin, 
an antibiotic majorly used in animal farming in 
Nigeria. The resistance to the remaining antibiot-
ics was: sulfamethoxazole-trimethoprim (69.1%),  
oxytetracycline (78.2%) and cefotaxime (98.2%).

The antibiotypes and diversity of ESBL 
genes in the ESBL- producing E. coli obtained are 
highlighted in Table 3. Twenty-four of the isolates 
(43.6%) carried two of the three ESBL genes tar-
geted in this study, while only one isolate (E. coli 
ALC08) carried all the three ESBL genes. Twen-
ty-eight of the total fifty-five isolates (50.9%) car-
ried only one of the ESBL genes, while none of the 
genes was detected in two isolates (E. coli ALB07 
and E. coli ALB22). Eight different antibiotypes 
were obtained from the isolates, with four of the 

antibiotypes being multidrug resistant phenotypes. 
The MARI ranged from 0.2-0.8. 

Fig. 3. Resistance of the ESBL- producing E. coli 
associated with abattoir leachate to antibiotics
KEY: sxt: sulfamethoxazole-trimethoprim; oxy: oxytetra-
cycline; enro: enrofloxacin; ctx: cefotaxime; imp: imipenem

The percentage occurrence of the ESBL 
genes in the fifty-five isolates obtained from the 
abattoir leachate is shown in Table 4. The cefotax-
imase (blaCTX-M) was the most predominant ESBL 
gene with 51/55 (92.7%) of the isolates carrying the 
gene, while 27/55 representing 49.5% of the total 
isolates harbored blaTEM. Only one isolate carried 
blaSHV, making it the least occurring of the ESBL 
genes in this study. 

Table 5 shows the distribution of ESBL genes 
in the ESBL- producing E. coli. Two isolates were 
devoid of any of the targeted ESBL genes, twen-
ty-six (47.4%) carried CTX-M only, with two 
(3.6%) carrying TEM only. None of the isolates 
carried SHV β-lactamase only, and none carried a 
combination of CTX-M + SHV and TEM + SHV 
β-lactamases. Twenty-four (43.6%) carried CTX-M 
+ TEM β-lactamases simultaneously. There was 
carriage of the three target ESBL genes in only one 
of the isolates recovered. 

Table 1. Oligonucleotide primers used in this study
Target Gene Primer sequence Expected Amplicon size (bp) References

uidA AAAACGGCAAGAAAAAGCAG
ACGCGTGGTTACAGTCTTGCG

147 Janezic et al., 2013

blaCTX-M TTTGCGATGTGCAGTACCAGTAA 
CGATATCGTTGGTGGTGCCATA

543 Maynard et al., 2004

blaTEM GAGTATTCAACATTTTCGT 
ACCAATGCTTAATCAGTGA

857 Mendonça et al., 2007

blaSHV TCGCCTGTGTATTATCTCCC 
CGCAGATAAATCACCACAATG

768 Mendonça et al., 2007
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Table 3. Antibiotypes and ESBL genes profile of ESBL- producing E. coli isolated from abattoir leachate

Lab code Date of 
Isolation Antibiotypes MARI Resistance 

Status blaCTX-M blaTEM blaSHV

E. coli ALC01 18/08/2020 sxt-enro-ctx 0.6 MDR + - -
E. coli ALA5 18/08/2020 ctx 0.2 Non-MDR + - -
E. coli ALA02 18/08/2020 sxt-oxy-enro-ctx 0.8 MDR + + -
E. coli ALB01 18/08/2020 ctx 0.2 Non-MDR + + -
E. coli ALA03 18/08/2020 sxt-oxy-ctx 0.6 MDR + - -
E. coli ALC02 18/08/2020 ctx 0.2 Non-MDR + - -
E. coli ALB02 18/08/2020 ctx 0.2 Non-MDR + + -
E. coli ALC04 18/08/2020 sxt-oxy-ctx 0.6 MDR + - -
E. coli ALC03 18/08/2020 ctx 0.2 Non-MDR + + -
E. coli ALA04 18/08/2020 oxy-ctx 0.4 Non-MDR + + -
E. coli ALA11 24/08/2020 sxt-ctx 0.4 Non-MDR + - -
E. coli ALA10 24/08/2020 ctx 0.2 Non-MDR + - -
E. coli ALA07 24/08/2020 oxy-ctx 0.2 Non-MDR + + -
E. coli ALB05 24/08/2020 sxt-oxy-ctx 0.6 MDR + + -
E. coli ALA09 24/08/2020 sxt-oxy-enro-ctx 0.8 MDR + - -
E. coli ALB06 24/08/2020 sxt-ctx 0.4 Non-MDR + - -
E. coli ALA08 24/08/2020 sxt-oxy-ctx 0.6 MDR + - -
E. coli ALB07 24/08/2020 sxt-ctx 0.4 Non-MDR - - -
E. coli ALC08 01/09/2020 sxt-oxy-ctx 0.6 MDR + + +
E. coli ALC07 01/09/2020 sxt-oxy-ctx 0.6 MDR + - -
E. coli ALC12 01/09/2020 sxt-oxy-ctx 0.6 MDR + - -
E. coli ALC09 01/09/2020 sxt-oxy-ctx 0.6 MDR + + -
E. coli ALC10 01/09/2020 sxt-oxy-ctx 0.6 MDR + + -
E. coli ALA13  15/09/2020 sxt-oxy-ctx 0.6 MDR + + -
E. coli ALC14 15/09/2020 sxt-oxy 0.4 Non-MDR + - -
E. coli ALB15 15/09/2020 sxt-oxy-enro-ctx 0.8 MDR + - -
E. coli ALC16 15/09/2020 sxt-oxy-ctx 0.6 MDR + + -
E. coli ALC13 15/09/2020 sxt-oxy-enro-ctx 0.8 MDR + + -
E. coli ALB14 15/09/2020 sxt-ctx 0.4 Non-MDR + + -
E. coli ALC15 15/09/2020 ctx 0.2 Non-MDR + + -
E. coli ALB12 15/09/2020 sxt-oxy-enro-ctx 0.8 MDR + - -
E. coli ALA12 15/09/2020 sxt-oxy-enro-ctx 0.8 MDR + + -
E. coli ALC21 23/09/2020 sxt-oxy-ctx 0.6 MDR + + -
E. coli ALB23 23/09/2020 oxy-ctx 0.4 Non-MDR + + -
E. coli ALC20 23/09/2020 oxy-ctx 0.4 Non-MDR + - -
E. coli ALB20 23/09/2020 oxy-ctx 0.4 Non-MDR + - -
E. coli ALC19 23/09/2020 oxy-ctx 0.4 Non-MDR + - -
E. coli ALA15 23/09/2020 sxt-oxy-ctx 0.6 MDR + - -
E. coli ALA17 23/09/2020 sxt-oxy-ctx 0.6 MDR - + -
E. coli ALB22 23/09/2020 sxt-oxy-ctx 0.6 MDR - - -
E. coli ALA16 23/09/2020 ctx 0.2 Non-MDR + + -
E. coli ALC18 23/09/2020 sxt-oxy-ctx 0.6 MDR + - -
E. coli ALB21 23/09/2020 sxt-oxy-ctx 0.6 MDR + - -
E. coli ALC25 29/09/2020 sxt-oxy-ctx 0.6 MDR + - -
E. coli ALC26 29/09/2020 oxy-enro-ctx 0.6 MDR + + -
E. coli ALA22 29/09/2020 sxt-oxy-ctx 0.6 MDR + + -
E. coli ALB27 29/09/2020 sxt-oxy-ctx 0.6 MDR + - -
E. coli ALA23 29/09/2020 sxt-oxy-ctx 0.6 MDR + + -
E. coli ALA21 29/09/2020 sxt-oxy-ctx 0.6 MDR - + -
E. coli ALB28 29/09/2020 sxt-oxy-ctx 0.6 MDR + + -
E. coli ALC23 29/09/2020 sxt-oxy-ctx 0.6 MDR + + -
E. coli ALB26 29/09/2020 sxt-oxy-ctx 0.6 MDR + - -
E. coli ALC24 29/09/2020 oxy-ctx 0.4 Non-MDR + + -
E. coli ALB30 07/10/2020 sxt-oxy-ctx 0.6 MDR + - -
E. coli ALB29 07/10/2020 sxt-oxy-ctx 0.6 MDR + - -
KEY: sxt: sulfamethoxazole-trimethoprim; oxy: oxytetracycline; enro: enrofloxacin; ctx: cefotaxime; imp: imipenem;  
+: Gene detected; -: Gene not detected; MDR: Multidrug resistant; MARI: Multiple antibiotic resistance index.
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Table 4. Percentage occurrence of ESBL genes in 
E. coli from abattoir leachate

ESBL 
gene

Total 
number 

of 
isolates

No. of 
isolates 

possessing 
the gene

Occurrence 
of gene in 

isolates (%)

blaCTX-M 55 51 92.7

blaTEM 55 27 49.1

blaSHV 55 1 1.8

Table 5. Distribution of ESBL genotypes in E. coli 
isolated from leachate emanating from the waste-
dumps of a public abattoir  
Pattern of ESBL 
genotypes

No. of 
isolates

Percentage 
(%)

No ESBL genes 2 3.6
CTX-M only 26 47.4
TEM only 2 3.6
SHV only - -
CTX-M + TEM 24 43.6
CTX-M + SHV - -
TEM + SHV - -
CTX-M + TEM + SHV 1 1.8
TOTAL 55 100

Discussion
Despite the fact that most studies in Nigeria 

have focused on the bacteriological quality of abat-
toir effluents, few studies have however reported the 
detection of ESBL genes in ESBL- producing bac-
teria, especially E. coli in some notable abattoirs in 
several parts of Nigeria and across the globe. Cases 
of ESBL- producing E. coli in livestock population 
have been well documented worldwide, and there 
have been serious concerns about the role of ani-
mals in the transmission of these infectious agents 
to the human population (Ikegbunam et al., 2014; 
Kenneth et al., 2018; Ugwu et al., 2018; Savin et 
al., 2020; Widodo et al., 2020; Egbule et al., 2021; 
Nnaji et al., 2021).  In this study, a total of fifty-five 
ESBL- producing E. coli isolates were obtained 
from the leachate samples flowing out of the waste 
dumps of the Central abattoir, Ibadan, Oyo state. 

The resistance of the ESBL-producing E. coli 
to selected antibiotics showed that the highest re-
sistance was observed to cefotaxime. This is not un-
expected as most studies have reported that ESBL- 
producing bacteria are predominantly resistant to 
cefotaxime, and this is corroborated by the fact that 

cefotaximases, which encode resistance to the anti-
biotic and other related ones, are the most prevalent 
extended spectrum β-lactamases in Enterobacter-
ales (Canton and Coque, 2006; Roschanski et al., 
2014) There was also elevated level of resistance 
to sulfamethoxazole-trimethoprim (69.1%) and ox-
ytetracycline (78.2%). This trend might not be far-
fetched as the two antibiotics are the most widely 
used antibiotics in veterinary practices worldwide 
and whose residual concentrations in wastes of an-
imal origin have been widely reported (Van Epps 
and Blaney, 2016). Several studies have reported 
the high level of resistance of E. coli from food 
animals to most commonly used antimicrobials, 
probably due to the effects of antibiotic adminis-
tration to farm animals, which present a case of 
natural selection and pressure on the gut microflora 
(Alekshun and Levy, 2006; Allocati et al., 2014). 
The high level of resistance might be a result of the 
presence of antibiotic residues in discharged ani-
mal wastes, which might have presented a selective 
pressure on environmental bacterial strains towards 
the evolution of resistant strains, especially if the 
concentration is below the minimal inhibitory con-
centration (Gullberg et al., 2011; Hou et al., 2015).

Despite its enormous use in animal husband-
ry as a therapeutic agent in Nigeria and in most 
parts of the world, there was a relatively low level 
of resistance to enrofloxacin (14.5%), while none 
of the fifty-five isolates was resistant to imipenem, 
a carbapenem antibiotic. This observation alludes 
to the expectation that carbapenems are the last re-
sort in the treatment of infections caused by ESBL- 
producing Enterobacterales, although some studies 
have reported the ineffectiveness of carbapenems 
against ESBL producers (Adekanmbi et al., 2021). 
Another reason for the relative effectiveness of imi-
penem against the ESBL producers might be attrib-
uted to the low frequency of use of the carbapenems 
in animal production. The MARI of the isolates in 
this study ranged from 0.2-0.8, which portends a 
very worrying scenario as it suggests a high-risk 
source of antibiotic contamination (Rochell and 
Paul, 2016). In this study, 63.6% (35/55) of the iso-
lates obtained showed resistance to three or more 
classes of antibiotics and were termed multidrug 
resistant (MDR). The occurrence of MDR strains 
of E. coli showing multiple resistance to most com-
monly used antibiotics in this study is consistent 
with observations in other studies (Sudarwanto et 
al., 2016; Tesfaye et al., 2019).

The profile of ESBL genes in the ESBL- pro-
ducing E. coli isolates shows that CTX-M β-lacta-
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mase predominates with 51 out of the 55 isolates 
representing 92.7% of the total isolates harboring 
the gene. This is not unexpected as the gene, which 
has several phylogenetic groups or variants and 
majorly mediates resistance to cefotaxime, is the 
most widely spread among the Enterobacterales. 
Since the first case of CTX-M- producing bacteria 
in the 1980s, they have far outnumbered the oth-
er ESBLs, notably TEM and SHV, and one of the 
factors that favoured their rapid spread is the inten-
sive use of extended-spectrum cephalosporins and 
fluoroquinolones, which can co-select for CTX-M- 
producing strains, especially in the veterinary field 
(Bauernfeind et al., 1992; Matsumoto et al., 2007; 
D’Andrea et al., 2013). Before the 1990s, TEM and 
SHV β-lactamases were the most prevalent ESBLs 
in livestock, but as of present, the most frequent-
ly occurring ESBL in samples of animal origin is 
CTX-M β-lactamase. The observation in this study 
on the high frequency of CTX-M in comparison 
with other ESBLs is further corroborated by other 
studies which have reported their high prevalence 
in livestock and faecal samples of food animal or-
igin (Hawkey and Jones, 2009; Geser et al., 2012; 
Irrgang et al., 2018). Azuonwu and Ogbonna (2019) 
in their study on different wastes from a Nigerian 
abattoir also reported the occurrence of two strains 
of CTX-M- carrying E. coli.

TEM β-lactamase, which confers on bacteria 
the ability to hydrolyze 1st generation cephalospor-
ins and some penicillins, was detected in 27 of the 
55 ESBL- producing E. coli recovered from the 
abattoir leachate in this study. The percentage oc-
currence of the gene in this study (49.1%) is higher 
than the percentage occurrence of the same gene 
(42.1%) in a report on ESBL- producing E. coli 
from animal faecal samples in Ado-Ekiti, Nigeria 
(Olowe et al., 2015). The nature of the samples, 
could be responsible for the observed discrepan-
cies. The occurrence of TEM β-lactamase in bac-
teria of cattle origin has also been reported in a 
study carried out in Turkey by Aslantaş and Yilmaz 
(2017), where five out of twenty-six (19.2%) E. coli 
isolates from rectal swabs of the animals carried 
TEM-1b, a variant of blaTEM.

There has generally been a very low occur-
rence of blaSHV in human and livestock samples 
over the years. Despite the fact that they did not 
undergo the geometric explosion witnessed in the 
CTX-M β-lactamases, they have been detected in 
several members of the Enterobacterales outside of 
E. coli and Klebsiella pneumoniae, which are the 
usual suspects (Cantón et al., 2012) and in numer-

ous environmental compartments. The sulfhydryl 
reagent variable (SHV) gene, with a vast number 
of variants mediates resistance in bacteria to certain 
penicillins and cephalosporins of the first genera-
tion, was detected in only one of the ESBL- pro-
ducing isolates (E. coli ALC08) from the abattoir 
leachate This observation validates the assertion in 
most other studies on the relatively low frequency 
of occurrence of the gene in bacteria of animal, hu-
man and environmental origin. Diallo et al. (2013) 
in their study on a municipal wastewater treatment 
facility receiving input from a slaughter house re-
ported the non-detection of blaSHV in all the ESBL- 
producing isolates obtained.
Conclusion

Based on the observation from the present 
study, leachates emanating from the waste compart-
ments of abattoirs could be a factor in the spread 
of multidrug resistant, ESBL- producing bacteria 
carrying ESBL genes. This has necessitated the 
need for urgent mitigation methods to prevent lea-
chates from waste dumps from seeping into the en-
vironment. There is a need for effective methods 
of waste disposal and their treatment to prevent a 
potential breakdown of public and environmental 
health as a result of the introduction of antibiotic 
resistant bacteria and resistance genes into the en-
vironment from abattoirs.   
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