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DETECTION OF EXTENDED SPECTRUM BETA-LACTAMASE PRODUCTION IN 

Escherichia coli ISOLATED FROM CATTLE FEACES IN OWO METROPOLIS 

 

ABSTRACTS 

Escherichia coli which synthesize extended spectrum beta-lactamases (ESBL) have been 

implicated in severe human diseases. There is substantial evidence that cattle feces have a role in 

developing and spread of multidrug-resistant pathogens, raising public health concerns. The 

study is aimed at detecting ESBL producing E. coli associated with cattle feces within Owo 

metropolis. Freshly passed fecal samples were taken aseptically from 9 apparently healthy cattle 

that were about to be slaughtered and placed in correctly labeled sterile capped universal bottles 

with sterile spatula. Using standardized method, Escherichia coli was isolated using Eosin 

Methylene Blue Agar. The antibiotic susceptibility of the isolates was evaluated using the Kirby 

Bauer disc diffusion method, and the expression of ESBL was detected using the double disc 

synergy test. According to the findings, 25 (55.6%) of the 45 E. coli isolates showed probable 

production of ESBL during screening and 11 (44.0%) were confirmed to be ESBL producers. 

The isolates' antibiotic resistance pattern revealed that they were most resistant to gentamicin 

(81.8%) and least resistant to imipenem (9.1%). As a result, imipenem was the most effective 

antibiotic against ESBL producing E. coli isolates. Antibiotypes of ESBL-producing E. coli 

isolates also showed that 9 (81.8%) of ESBL-positive E. coli isolates were multidrug-resistant. 

This studies confirmed that E. coli isolated from bovine feces had high prevalence of antibiotic 

resistance and revealed that ESBL-producing bacteria are present in cattle and subsequent 

consumers. This necessitates the implementation of mitigating strategies to limit the transfer of 

antibiotic-resistant bacteria from animals to humans. 
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 INTRODUCTION 

Resistaance to antibiotic is a major concern in public health, it accounts for almost a million 

human deaths annualy (European Commission, 2017; Jasovský et al., 2016). Factors responsible 

for resistance to antibiotics have been documented such as indiscriminate use of antimicrobials 

in disease management (both in human and animals), it is most times abused in the form of 

misuse or overuse in these settings (Holmes et al., 2016). Domestic animals and pets are 

prospective reservoirs of antibiotics resistant microorganisms according to Schmid et al. (2013). 

Microorganisms in faeces generally consists of the Family Enterobacteriaceae which are notorious for 

production of extended spectrum beta-lactamase that account for their resistance to these rather 

effective antibiotics (dos Santos et al., 2013).  

A major source of animal protein is cattle and in combination with milk and milk products 

derived from it is gaining momentum to become the most consumed animal throughout the globe 
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(Alexandratos and Bruinsma, 2012). Moreover, the massive production of faecal matter by these 

animals makes them a good source of manure/biofertilizer (Smith and Williams, 2016). All 

these, points to the overwhelming significance of cattle rearing in food production and as 

reservoir or vehicle for transmitting Enterobacteriaceae Extended spectrum beta-lactamases (E-

ESBLs) as a result, constituting a major danger to global public health (Robinson et al., 2016). 

Saravanan et al. (2018) described extended spectrum beta-lactamases (ESBLs) as enzymes that 

are capable of hydrolysing different beta-lactam antibiotics, hence mediating the resistance to 

penicillins, third and fourth generation cephalosporins. It has been reported that plasmid-borne 

genes are the precursors of extended spectrum beta-lactamases and are freely transferred between 

different species according to Paterson and Bonomo (2005) and Schmid et al. (2013). These 

resistance genes are dispersed by the food chain and through contact between man and 

animals during handling (Schmid et al., 2013; Dahms et al., 2015). Earlier studies however 

have reported that the Cefotaximase munich (CTX-M) beta-lactamases are by far the most 

often detected extended spectrum beta-lactamases in animals. 

The occurrence of Enterobacteriaceae extended spectrum beta-lactamases (E-ESBL) in many 

habitats including as benign commensal organisms in man and livestocks as well as 

contaminants in various environments has been observed throughout the world. Albeit, in recent 

years animal production has constituted the main source of genuine concern for public health 

because these animals are potential reservoirs and also vehicle for dispersal of E-ESBL since 

they are directly linked with the food chain (Madec et al., 2017). 

Escherichia coli species are the most commonly isolated ESBL producing organism. This 

organism is frequently implicated in several infections in humans including urinary tract 

infections (UTI), pneumonia and sepsis as reported by Abraham et al. (2012). E. coli 

producing ESBL has been documented in animal medicine as etiological agent causing 

mastitis in dairy cattle (Brinas et al., 2003; Haftu et al., 2012). However, there is dearth of 

information on the occurrence or prevalence of ESBL-producing bacteria (particularly E. 

coli) in livestock showing their subsistence in apparently healthy cattle ready for slaughter in 

Nigeria. Therefore, this study was aimed at determining the production of extended spectrum 

beta-lactamase in E. coli isolated from cattle faeces in Owo metropolis. 

MATERIALS AND METHODS 
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Sample Collection 

Between February and March 2021, freshly passed cattle feacal samples were aseptically 

collected at the Central Abbattoir, Owo in Ondo State. The samples were taken with the adi of 

sterile spatula into well labelled sterile sample bottles from apparently healthy cattle that were 

ready for slaughtering, and transported under controlled temperature to the Microbiology 

laboratory of the Department of Science Laboratory Technology, Rufus Giwa Polytechnic Owo 

(RUGIPO) for immediate analyses.  

Isolation and Identification of Escherichia coli 

The cattle feacal samples were serially diluted and plated out on MacConkey Agar (MAC) and 

Eosin Methylene Blue Agar (EMB) using pour plate technique. The plates were incubated at 35-

37
0
C for 24-48 hours. Distinct colonies were sub-cultured on freshly prepared EMB Agar plates 

and repeated streaking was done to obtain pure culture. Identification of isolates was carried out 

using their colonial morphology, microscopic and standard biochemical tests. 

Screening for potential Extended Spectrum Beta-Lactamase producing Escherichia coli  

All the E. coli isolates were assessed for the production of extended spectrum beta-lactamase. 

Mueller-Hinton agar plates were inoculated with homogeneous inoculum of the test isolates and 

separate antibiotic discs that contain ceftazidime (30 μg) and cefotaxime (30 μg) respectively 

were positioned aseptically on the agar surface at a distance of 30 mm apart. The plates were 

placed on workbench for about half-hour to allow the antibiotics to diffuse into the agar, then 

they were incubated at 37 °C for 24 hrs. Thereafter, meter rule was used to measure the zones of 

inhibition. A reduced susceptibility/resistance to either of the two antibiotics used for the 

screening was taken as suspected case of extended spectrum beta-lactamase production (CLSI, 

2018). 

Recognition of Extended Spectrum Beta-Lactamase producing E. coli 

An 18 hrs old culture of isolates that shows resistance to one or more of the third generation 

cephalosporins were inoculated into test tubes which contain sterile normal saline, then the 

turbidity of the content was adjusted to 0.5 MacFarland standard. The bacterial suspension was 

inoculated on prepared Mueller Hinton agar plates by uniformly swabbing the entire surface of 

the agar plates. The double disc synergy test was done using discs of augmentin alongside the 

discs of ceftazidime (30 mg) and cefotaxime (30 mg); which were placed at 20 mm equidistance 

from augmentin disc. Then, the plates were incubated for 24 hrs at 37 
o
C, the plates were 
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observed and the organisms was considered to be producing extended spectrum beta-lactamase 

when the zone of inhibition is ≤5 mm in diameter of either cefotaxime or ceftazidime in 

combination with augmentin against its zone when tested alone (CLSI, 2018). ESBL-positive 

Escherichia coli ATCC 25922 strain were used as control.  

Antibacterial screening of the ESBL-producing Escherichia coli 

The ESBL producing Escherichia coli was subjected to susceptibility test against nine antibiotics 

using the disc diffusion method (CLSI, 2018). The antibiotics used include the following classes 

of antibiotics: beta-lactam combination agent (amoxicillin/clavulanate 20/10μg), cephem 

(cefotaxime 30 μg, ceftazidime 30 μg, cefixime 5 μg), carbapenem (imipenem 10 μg), 

aminoglycosides (gentamicin 10 μg), fluoroquinolone (ciprofloxacin 5 μg, ofloxacin 5 μg), and 

nitrofurans (nitrofurantoin 300 μg). The discs were positioned on freshly prepared Mueller 

Hinton agar plates which had been inoculated with the test isolate and incubated for 24 hrs at 35 

0
C. Then, the zones of inhibition were measured with meter rule, recorded (in mm) and 

interpreted based on CLSI guidelines (CLSI, 2018). However, those isolates that show 

intermediate resistance to the antibiotics were designated resistant while those that show 

resistance to minimum of three classes of antibiotics were referred to as multidrug resistant 

(Magiorakos et al., 2012). The psitive control was a strain of E. coli ATCC25922. 

RESULTS 

All the isolates were Gram-negative rods. They were motility, catalase, indole, methyl red, 

glucose, lactose positive but were citrate, maltose, Voges-Proskauer negative (Table 1). The 

preliminary screening for ESBL production by E. coli isolated from cattle feaces is shown in 

Table 2 where it was revealed that 25 (55.6%) of the E. coli were suspected to be ESBL 

producers since they showed resistance to cefotaxime. Furthermore, the confirmatory screening 

for ESBL production by E. coli isolated from cattle feaces indicated that 11 (44.0%) out of the 

25 suspected ESBL positive E. coli isolates from cattle feaces were confirmed to be ESBL 

positive  (Table 3). 
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Table 1:  Gram Reaction and Biochemical Characterization of the isolates from the Cattle 

feaces 

S/N Shape Gram MOT CAT CIT IND MR VP GLU LAC MAL Identity  

1-45 Rod - + + - + + - + + - E. coli 

KEY: S/N = Serial number, + = Positive, - = Negative, MOT = Motility, CAT = Catalase, CIT = Citrate, IND = 

Indole, MR = Methyl red, VP = Voges-proskauer, GLU = Glucose, LAC = Lactose, MAL = Maltose 

 

Table 2: Preliminary screening for ESBL production by E. coli isolated from Cattle feaces 

Antibiotics used Total number of E. coli Isolated No. (%) 

resistance 

No. (%) 

Susceptibility 

Cefotaxime 45 25 (55.6) 20 (44.4) 

Ceftazidime 45 22 (48.9) 23 (51.1) 

KEY: No.  = Number, % = percentage 

 

Table 3: Confirmatory screening for ESBL production by E. coli isolated from Cattle 

feaces 

No. of E. coli  

Screened 

No. of ESBL + (%)  

E. coli 

No. of ESBL – (%)  

E. coli 

25 11 (44.0) 14 (56.0) 

 

Table 4 showed the level of resistances and susceptibilities exhibited by the isolated ESBL-

producing E. coli from the Cattle feaces to the test antibiotics. The ESBL-producing E. coli 

isolates from the cattle feaces were highly resistant to gentamicin (81.8%) and augmentin 

(72.7%) but were highly susceptible to imipenem (90.9%), ofloxacin (72.7%), nitrofurantoin 

(72.7%) and ciprofloxacin (81.8%). 

The Antibiotypes of the ESBL-producing E. coli showed that nine (81.8%) of the isolates that 

produced ESBL and showed resistance to antibiotics were multidrug resistance. In addition, two 

E. coli were resistant to a combination of three different antibiotics (NIT-AUG–CXM), one to 

four and five different antibiotics respectively (NIT-AUG-CXM-GEN and NIT-AUG-CXM-

GEN-CPR) (Table 5). 
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Table 4: Antibiotic susceptibility pattern of ESBL-producing E. coli isolated from cattle 

faeces 

S/N Antibiotics Total No. of 

ESBL+ E. coli 

No. (%) 

resistivity 

No. (%) 

susceptibility 

1 Nitrofurantoin 11 3 (27.3) 8 (72.7) 

2 Augmentin 11 8 (72.7) 3 (27.3) 

3 Cefixime 11 5 (45.5) 6 (54.5) 

4 Cefotaxime 11 7 (63.6) 4 (36.4) 

5 Ofloxacin 11 3 (27.3) 8 (72.7) 

6 Ceftazidime 11 8 (72.7) 3 (27.3) 

7 Imipenem 11 1 (9.1) 10 (90.9) 

8 Gentamicin 11 9 (81.8) 2 (18.2) 

9 Ciprofloxacin 11 2 (18.2) 9 (81.8) 

KEY: S/N = Serial number, No. = Number, ESBL+ = ESBL positive 

Table 5: Antibiotypes of the ESBL-producing E. coli Isolated from cattle feaces 

Antibiotypes Class of Antibiotics No. (%) ESBL+ E. coli 

CTX 1 1 (9.1) 

IMP 1 1 (9.1) 

AUG-CTX 2                   2 (18.2) 

GEN-CPR 2  0 (13.6) 

NIT- AUG –CXM 3 2 (18.2) 

NIT- AUG –CTX 3 1 (9.1) 

NIT-CTX-GEN 3 1 (9.1) 

NIT-CXM-GEN 3 1 (9.1) 

NIT- AUG -CXM-GEN 4 1 (9.1) 

NIT-IMP-GEN-CPR 4 0 (0.0) 

NIT- AUG -CXM-GEN-CPR 5 1 (9.1) 

TOTAL  11 

KEY: NIT = Nitrofurantoin (300 μg), AUG = Augmentin (30 μg), CTX = Cefotaxime (30 μg), CXM = Cefixime 

(30 μg), IMP = Imipenem (10 μg), GEN = Gentamicin (10 μg), CPR = Ciprofloxacin (5 μg).  

 

Discussion 

Antibiotic resistance has continued to constitute serious problems not only in human medicine 

but also in animal husbandry, livestock management, and veterinary medicine (Witte, 1998; 

Lawson, 2008). The results of this study indicating the presence of ESBL positive (44.0%) E. 

coli is in agreement with the earlier reports of Adator et al. (2020) in Canada, Montso et al. 
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(2019) in South Africa, Ugwu et al. (2018) and Ogefere et al. (2017) in Nigeria, Bhoomika et al. 

(2016) in India and Petternel et al. (2014) in Austria each of whom respectively reported the 

presence of ESBL producing E. coli (22.5 %, 66.3 %, and 100.0 % and 16.3 %, 12.0 %, 10.99 % 

and 20 % respectively) in their samples. However, the 44.0% ESBL producing E. coli observed 

in this study is much lower than 66.3%and 100.0% but much higher than 12.0%, 16.3%, 22.5%, 

10.99% and 20% respectively reported by same authors. The reason for this disparity could be 

due the number of isolates studied and the level of animal exposure to antibiotics. In addition, the 

findings from this present study is in disagreement with the outcome of a study in South-West 

Nigeria which reported an nonexistence of ESBL production in organisms isolated from faeces 

of cattle ready for slaughter at various abattoirs (Reist et al., 2013; Inwezerua et al., 2014).  

The high prevalence of ESBL+ E. coli in cattle feaces in this study was not a surprise because  E. 

coli is a normal flora of intestinal tract of warm blooded animals including ruminants (Said et al., 

2015).  

The prevalence of ESBL observed in this study is of public health importance as it point toward 

a great health risk for the consumers in the area of study. The contamination of meat meant for 

public consumption raises a potential risk infection among the consumers as well as the handlers 

of these meats with ESBL producing E. coli particularly when these meats are eaten without 

adequate cooking. It is important to note that most of the internal organs particularly the 

intestines are used for making peppersoups and barbequed meats popularly called suya in the 

studied area both of which undergo minimal heat processing which are incapable of neutralizing 

the microbial contaminats on the meat. On the other hand, the type of resistance caused by 

ESBLs is usually enables the organism to be resistant to other forms of antibiotics, and this in 

effect makes antibiotic therapy ineffective (Reist et al., 2013). Deaths due to ESBL-producing E. 

coli infections are reported to be three-times greater than those caused by E. coli that are 

incapable of producing ESBLs (Ismail and Haydar, 2016; Melzera and Petersen, 2007). 

The phenomenon of antibiotic resistance is presently a very grave challenge which is attracting a 

great deal of efforts from many researchers all over the world due to its effect on hospitals and 

communities (Shaikh et al., 2015). The major finding in the present study is the presence of 

antibiotics resistant commensal E. coli in cattle feaces to commonly used antibiotics such as 

CTX (63.6%), CAZ (72.7%), NIT (27.3%), OFL (27.3%), CPR (18.2%), GEN (90.9%), CXM 

(45.5%), AUG (81.8%) and 1MP (9.1%). This observation reiterates the finding in other studies 
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that have reported antibiotic resistance among bacteria especially E. coli isolated from cattle and 

other animals is increasing at an alarming rate (Aibinu et al., 2004; Kozak et al., 2009; Ajayi et 

al., 2011; Ogunleye et al., 2008). Furthermore, resistance to antibiotics particularly CAZ, GEN 

and AUG were very high. The most obvious reason that could be responsible for the high 

frequency of antibiotic resistance to the antibiotics is their heavy use for various purposes among 

the cattle sampled. Furthermore, it has been reported by earlier researchers that ESBLs mediate 

resistance to the third generation cephalosporins (Paterson and Bonomo, 2005; Ogbolu et al., 

2011; Snow et al, 2012). The susceptibility pattern of the ESBL producing E. coli to antibiotics 

used in this study was harmonious with the fact that ceftazidime and cefuroxime (both 

cephalosporins) are known to have low in vitro effectiveness against Gram negative organisms. 

The result indicated alarming multidrug-resistance frequency of 9 (81.8%) out of 11 ESBL
+ 

E. 

coli to at least two or more of the tested antibiotics. This observation is in correlation with 

reports of earlier researchers who obtained similar results of various levels of multi-drug 

resistance in bacteria isolated from food sources particularly in Escherichia coli isolated from 

beef and other meat products (S´aenz et al., 2001; Umolu et al., 2006). This could constitute 

public health concern because the cattle feaces can act as reservoir of resistant strains which 

could be transmitted to humans through food chain.  

The present result showed that the ESBL
+ 

E. coli are from high risk contaminated sources with 

frequent use of antibiotics in the cattle production. In Nigeria, there are no strict laws on grazing 

and it is commonplace to find cattle in streets, farm lands and river banks being led by a 

herdsman. They may therefore be potential reservoirs of ESBL-producing Escherichia coli and 

other organisms when they defecate in such open grazing places. 

Conclusion 

The high prevalence of antibiotics resistance, ESBL producing and multidrug resistance (MDR) 

strains of E. coli in this study is an indication that cattle feaces can serves as a reservoir for the 

development and dissemination of clinically significant antibiotics resistance among bacterial 

pathogens and into the community.  Hence, there is need to stop open grazing by enacting laws 

against it and by providing ranches. Also, cautious efforts should be made to limit the misuse of 

antibiotics in animal husbandry in order to reduce the emergence of antibiotics resistant 

organisms. 

 



 

9 
 

REFERENCES 

Abraham, S., Chapman, T. A., Zhang, R., Chin, J., Mabbett, A. N. and Totsika, M. (2012). 

Molecular characterization of Escherichia coli strains that cause symptomatic and 

asymptomatic urinary tract infections. Journal of Clinical Microbiology, 50, 1027–

1030.  

Adator, E. H., Narvaez-Bravo, C., Zaheer, R., Cook, S. R., Tymensen, Lisa., Hannon S. J., 

Booker, C. W., Church D., Read, R. R and McAllister,T. A. (2020). A One Health 

Comparative Assessment of Antimicrobial Resistance in Generic and Extended-Spectrum 

Cephalosporin-Resistant Escherichia coli from Beef Production, Sewage and Clinical 

Settings. 

Aibinu, I., Aednipekun, E. and Odugbemi, T. (2004). “Emergence of quinolone resistance 

amongst Escherichia coli strains isolated from clinical infections in some Lagos state 

hospitals, in Nigeria,”Nigerian Journal of Health and Biomedical Sciences, 3 (2): 73–78. 

Ajayi, A. O., Oluyege, A. O., Olowe, O. A. and Famurewa, O. (2011). “Antibiotic resistance 

among commensal Escherichia coli isolated from faeces of cattle in Ado-Ekiti, Nigeria,” 

Journal of Animal and Veterinary Advances, 10 (2): 174–179. 

Alexandratos, N. and Bruinsma, J. (2012). World agriculture towards 2030/2050-the 2012 

revision. In: Global Perspective Studies Team. Food and Agriculture Organization of 

the United Nations 

Bhoomika; Shakya, S.; Patyal, A and Gade, N.E. (2016). Occurrence and characteristics of 

extended-spectrum-lactamases producing Escherichia coli in foods of animal origin and 

human clinical samples in Chhattisgarh, India. Vet. World, 9, 996–1000. 

Brinas, L., Moreno, M. A., Zarazaga, M., Porrero, C., Saenz, Y. and Garcia, M. (2003). 

Detection of CMY-2, CTX-M-14, and SHV-12 beta-lactamases in Escherichia coli fecal-

sample isolates from healthy chickens. Antimicrobial Agents Chemotherapy., 47, 2056–

2058.  

Dahms, C., Hubner, N. O., Kossow, A., Mellmann, A., Dittmann, K. and Kramer, A. (2015). 

Occurrence of ESBL-producing Escherichia coli in livestock and farm workers in 

Mecklenburg-Western Pomerania, Germany. PLoS ONE 10:e0143326.  

Dos Santos, L., ftoura, R.A., Ramires, P. A., de Pestana Castro, A. and Lincopan, N. (2013). Current 

status of extended-spectrum β-lactamase (ESBL)-producing Enterobacteriaceae in animals. In: 

fténdez-Vilas A (Ed). fticrobial pathogens and strategies for combating them: science, technology 

and education. Badajoz: Formatex Research Center, 1600 -1607. 

European Commission, (2017). A European One Health Action Plan Against Antimicrobial 

Resistance (AMR); European Commission: Brussels, Belgium. 

Haftu, R., Taddele, H., Gugsa, G. and Kalayou, S. (2012). Prevalence, bacterial causes, and 

antimicrobial susceptibility profile of mastitis isolates from cows in large-scale dairy 

farms of Northern Ethiopia. Tropical Animal Health Production., 44, 1765–1771.  

Holmes, A. H., Moore, L. S., Sundsfjord, A., Guerin, P. J., Piddock, L. J., Steinbakk, M., 

Regmi, S. and Karkey, A. (2016). Understanding the mechanisms and drivers of 

antimicrobial resistance. Lancet, 38, 176–187.  

Inwezerua, C., Mendonca, N., Calhau, V., Domingues, S., Adeleke, O. E. and Da Silva, G. J. 

(2014). Occurrence of extended-spectrum beta-lactamases in human and bovine isolates 

http://refhub.elsevier.com/S2405-8440(20)30051-7/sref10
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref10
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref10


 

10 
 

of Escherichia coli from Oyo state, Nigeria. The Journal of Infection in Developing 

Countries 8(6):774-779. 

Ismail, H. T. and Haydar, O. (2016). Occurrence and characteristics of extended spectrum beta-

lactamases-producing Enterobacteriaceae from foods of animal origin. Brazilian 

Journal of Microbiology, 47, 444-451. 

Jasovský, D., Littmann, J., Zorzet, A. and Cars, O. (2016). Antimicrobial resistance: A threat to 

the world’s sustainable development. Upsala Journal of Medical Science., 121, 159–

164.  

Kozak, G. K., Boerlin, P., Janecko, N., Reid-Smith, R. J. and Jardine, C. (2009). “Antimicrobial 

resistance in Escherichia coli isolates from Swine and wild small mammals in the 

proximity of swine farms and in natural environments inOntario,Canada,” Applied and 

Environmental Microbiology, 75(3),  559–566. 

Lawson, M. A (2008).  “The antibiotic resistance problem revisited,” American Biology Teacher, 

70 (7), 405–410. 

Madec, J. Y., Poirel, L., Saras, E., Gourguechon, A., Girlich, D., Nordmann, P. and Haenni, 

M. (2012). Non-ST131 Escherichia coli from cattle harbouring human-like blaCTX-

M-15- carrying plasmids. Journal of Antimicrobial Chemotherapy, 67, 578–581. 

Magiorakos, A. P., Srinivasan, A., Carey, R. B., Carmeli, Y., Falagas, M. E and Giske, C. G. 

(2012). Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: an 

international expert proposal for interim standard definitions for acquired resistance. 

Clinical Microbiology Infection. 2012; 18: E268-E281. 

Melzera, M. and Petersen, I (2007). Mortality following bacteria emicinfection caused by 

extended spectrum beta-lactamase (ESBL) producing E. coli compared to non-ESBL 

producing E. coli. Journal of Infection 55: 254-259. 

Montso, K. P., Dlamini, S. B., Kumar, A and Ateba C. N (2019). Antimicrobial Resistance 

Factors of Extended-Spectrumm Beta-Lactamases Producing Escherichia coli and 

Klebsiella pneumoniae Isolated from Cattle Farms and Raw Beef in North-West 

Province, South Africa. Hindawi BioMed Research International Volume 2019, Article 

ID 4318306, 13 pages 

Ogbolu, D. O., Daini, O. A., Ogunledun, A., Alli, A. O. and Webber, M. A. (2011). High levels 

of multidrug resistance in clinical isolates of Gram negative pathogens from Nigeria. 

International Journal of Antimicrobial Agents 37:62-66. 

Ogefere, H.O., Agbe, S.O and Ibadin, E.E. (2017). Detection of extended spectrum 

betalactamases among gram negative bacilli recovered from cattle feces in Benin city, 

Nigeria. Notulae Scientia Biologicae, 9, 177. 

Ogunleye, A. O., Oyekunle, M. A. and Sonibare, A. O. (2008). “Multidrug resistant Escherichia 

coli isolates of poultry origin in Abeokuta, South Western Nigeria,” Veterinarski Arhives, 

78, (6), 501–509. 

Paterson, D. L. and Bonomo, R. A. (2005). Extended-spectrum β-lactamases: a clinical update. Clinical 

Microbiology Review, 18, 657-686. 

Petternel, C., Galler, H., Zarfel G, et al. (2014) Isolation and characterization of multidrug-

resistant bacteria fromminced meat in Austria. Food Microbiology, 44:41–46. 

 

http://refhub.elsevier.com/S2405-8440(20)30051-7/sref132
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref132
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref132
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref132
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref132
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref132


 

11 
 

Reist, M., Geser, N., Hachler, H., Scharrer, S. and Stephan, R. (2013). ESBL-producing 

enterobacteriaceae: occurrence, risk factors for fecal carriage and strain traits in the swiss 

slaughter cattle population younger than 2 years sampled at abattoir level. PLoS ONE 8: 

e71725. 

Robinson, T. P., Bu, D. P., Carrique-Mas, J., F èvre, E. M., Gilbert, M., Grace, D., Hay, S. 

I., Jiwakanon, J., Kakkar, M., Kariuki, S., Laxminarayan, R., Lubroth, J., 

Magnusson, U., Thi Ngoc, P., Van Boeckel, T. P. and Woolhouse, M. E. J. (2016). 

Antibiotic resistance is the quintessential One Health issue. Transaction of Royal 

Society Tropical Medicine Hygiene., 110, 377–380. 

S´aenz, Y., Zarazaga, M., Brias, L., Lantero, M., Ruiz-Larrea, F. and Torres, C. (2001). 

“Antibiotic resistance in Escherichia coli isolates obtained from animals, foods and 

humans in Spain,” International Journal of Antimicrobial Agents, 18 (4), 353–358. 

Said, L. B., Jouini, A., N. Klibi et al. (2015). “Detection of extendedspectrum beta-

lactamase (ESBL)-producing Enterobacteriaceae in vegetables, soil and water of the 

farm environment in Tunisia,” International Journal of Food Microbiology, 203, 86–92. 

Saravanan, M., Ramachandran, B. and Barabadi, H. (2018). “The prevalence and drug resistance 

pattern of extended spectrum β–lactamases (ESBLs) producing Enterobacteriaceae in Africa,” 

Microbial Pathogenesis, 114, 180–192. 

Schmid, A., Hörmansdorfer, S., ftesselhäusser, U., Käsbohrer, A., Sauter- Louis, C. and ftansfeld, R. 

(2013). Prevalence of extended-spectrum β- lactamase-producing Escherichia coli on Bavarian 

dairy and beef cattle farms. Applied and Environmental Microbiology, 79(2), 3027-3030. 

Shaikh, S., Fatima, J., Shakil, S., Rizvi, S. M. D. and Kamal, M. A. (2015). “Antibiotic 

resistance and extended spectrum beta-lactamases: Types, epidemiology and treatment,” 

Saudi Journal of Biological Sciences, 22 (1), 90–101. 

Smith, K. A. and Williams, A. G. (2016). Production and management of cattle manure in 

the UK and implications for land application practice. Soil Use Management, 32, 

73–82. 

Snow, L., Warner, R. G., Cheney, T., Wearing, H., Stokes, M., Harris, K., Teale, C. J. and 

Coldham, N. G. (2012). Risk factors associated with extended spectrum beta-lactamase 

Escherichia coli (CTX-M) on dairy farms in North West England and North Wales. 

Preventive Veterinary Medicine 106 (3-4), 225-234. 

Ugwu, I. C., Anyanwu, M. U., Chidozie, C. U and Ugwuanyi, W. O (2018). Prevalence and 

antibiogram of generic extended-spectrum β-lactamresistant enterobacteria in healthy 

pigs. Notulae Scientia Biologica 7(3):272-280. 

Umolu, P. I., Omigie, O., Tatfeng, Y., Omorogbe, F. I.,  Aisabokhale, F. and Ugbodagah, O. P 

(2006). “Antimicrobial susceptibility and plasmid profiles of Escherichia coli isolates 

obtained from different human clinical specimens in Lagos-Nigeria,” The Journal of 

American Science, 2 (4), 1931–1956. 

Witte, W (1998). “Medical consequences of antibiotic use in agriculture,” Science, vol. 279, no. 

5353, page. 996–997. 

http://refhub.elsevier.com/S2405-8440(20)30051-7/sref179
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref179
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref179
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref179
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref179
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref179
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref179
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref179
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref179
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref195
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref195
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref195
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref195
http://refhub.elsevier.com/S2405-8440(20)30051-7/sref195

