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Introduction
Antimicrobial Resistance (AMR) has been reported by 

Gonzales-Rodriguez, et al. [1] to be a serious threat to public 
health. All antibiotics will become ineffective by 2050 as 
estimated by the World Health Organization (WHO) which 
could be due to misuse or inappropriate use of antibiotics [1].

Antimicrobial-Resistant Bacteria (ARB) and Antimicrobial 

Resistance Genes (ARGs) mostly ϐind their way into the 
environment through diverse means such as faces, urine, 
and milk [2], which may spread to humans either directly 
or indirectly through the food chain that is milk and meat or 
manure land application as soil amendment for vegetables 
and crops for human consumption [2,3].

In animal and human health care, antimicrobials have 
been used which has increased the widespread occurrence 
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of antimicrobial-resistant bacteria not just in animals and 
humans, but more so in the environment such as surface 
water, air, and soil. It is obvious that the possibility of 
acquiring antimicrobial-resistant bacteria outside health 
care has increased, for example, individuals may acquire it 
through the preparation and consumption of meat products 
that are contaminated, herbs, fruits, and vegetables, or even 
contact with or the ingestion of contaminated surface water, 
for example during recreational activities [4-6].

Enterobacteriaceae have been reported by Jude, et al. 
2022 [7] to be a serious health threat to the public because 
of the different resistance mechanisms of Enterobacteriaceae 
and under production of new drugs which have made 
microorganisms resistant to almost all available antibiotics. 

Extended-spectrum Beta-lactamase (ESBL) is an enzyme 
produced by Enterobacteriaceae (Gram-negative bacteria), 
which is a great threat to health in the ϐields of human and 
veterinary medicine Worldwide [8].

There is an increase in MDR Enterobacteriaceae Worldwide 
which is quite alarming considering the threat to public 
health, series of research of late have reported the emergence 
of MDR bacterial pathogen from different sources including 
soil, air, ϐlowing rivers, vegetables, wastewater, refuse dump 
sites, human and animals [9,10]. 

The aim of this study was to investigate Antibacterial 
Resistance and Phenotypic Detection of Extended Spectrum 
Beta-Lactamase (ESBL) Producing Enterobacteriaceae 
Isolated from Fecal Sample of Human and Animal (Goats, 
Cattle, and Chicken) in selected local government areas of 
Nasarawa State, Nigeria.

Methodology
Materials

The antibiotic discs used for susceptibility testing includes: 
Amoxicillin-Clavulanic acid (AUG: 30 μg), Cefotaxime (CTX: 
25 μg), Imipenem/Cilastatin (IMP: 10/10 μg), Oϐloxacin (OFX: 
5 μg), Gentamicin (GN: 10 μg), Nalidixic Acid (NA: 30 μg), 
Cefuroxime (CXM: 30 μg), Ceftriaxone Sulbactarm (CRO: 45 
μg), Cefexime (ZEM: 5 μg) and Levoϐloxacin (LBC: 5 μg). All 
were products of Celtech Diagnostic Belgium.

The antibiotic discs used for phenotypic detection in 
this study include Amoxicillin-Clavulanic acid (AMT: 30 μg), 
Cefotaxime (CTX: 30 μg), Ceftazidime (CAZ: 30 μg). All discs 
were products of Oxoid Ltd (U.K.).

Enterosystem 18R kits were used for the identiϐication of 
Enterobacteriaceae (Lioϐilchem Diagnostic Italy). 

Ethical approval

Ethical approval was obtained from the Nasarawa State 
Ministry of Health, Nasarawa State with REG. NO: NHREC 
18/08/2017, the approval letter was dated 29th November 
2021.

Methods

Hundred (100) fecal samples were collected in Kefϐi, Karu, 
Akwanga, and Laϐia local government areas of Nasarawa State.

Sampling techniques

Human fecal sample: Human fecal samples of patients 
that were submitted to the microbiology laboratory for normal 
routine services were collected over a period of three months 
using a sterile container and transported using an ice pack 
within 6 hours to the Microbiology Laboratory, Nasarawa 
State University, kefϐi for analysis. 

Enterobacteriaceae were isolated from fecal samples of 
patients with the aid of a sterile wire loop the fecal samples 
were streaked on MacConkey agar and or Eosin Methylene Blue 
(E.M.B) agar. The plates were incubated at 37 °C for 24 hours 
- 48 hours [11]. After which, presumptive Enterobacteriaceae 
colonies were sub-cultured on nutrient agar and incubated 
at 37 °C for 24 hours - 48 hours, those that showed positive 
growth were Gram stained and viewed under the microscope 
using oil immersion x100 objectives lens [9,12].

Animal fecal sample: Fresh fecal droppings from goats, 
cattle, and chickens were randomly collected using sterile 
containers and care was taken to avoid collecting more than 
one fecal sample per individual animal [13]. The animal fecal 
samples were transported using an ice pack within 6 hours to 
the Microbiology Laboratory, Nasarawa State University, Kefϐi 
for analysis. 

Enterobacteriaceae were isolated from fecal samples of 
animals with the aid of a sterile wire loop the fecal samples 
were streaked on MacConkey agar and or Eosin Methylene 
Blue (E.M.B) agar. The plates were incubated at 37 °C for 24 
hours - 48 hours. After which, presumptive Enterobacteriaceae 
colonies were sub-cultured on nutrient agar and incubated 
at 37 °C for 24 hours - 48 hours, those that showed positive 
growth were Gram stained and viewed under the microscope 
using oil immersion x100 objectives lens [9,12].

Identifi cation and biochemical characterization of 
Enterobacteriaceae isolated from fecal samples of 
human and animal in selected local government areas 
of Nasarawa state, Nigeria

The presumptive Enterobacteriaceae isolates were 
identiϐied by microscopy (gram staining) and some basic 
biochemical characterization tests were carried out which 
included; a citrate test, indole test, and Methyl red- Voges 
Proskauer was chosen according to Bergy, manual of 
determinative bacteriology by Holt, et al. [12]; Cheesbrough, 
[14] and they were further identiϐied using Commercial 
Biochemical Kit (Enterosystem 18R). In summary, the 
presumptive Enterobacteriaceae to be identiϐied was recently 
isolated (18 h – 24 h); one or more morphologically similar 
well-isolated colonies from the agar culture medium were 
suspended in a physiological solution and the suspension was 
thoroughly homogenized [9]. 
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The system was unwrapped and brought to room 
temperature, the system was labelled properly, Bacterial 
suspension of about 0.2 ml was transferred into each well of 
the system and overlaid with 1 drop Vaseline oil in the wells 
2-LDC, 3-ODC, 4-ADC, 7-UR, and 8-H2S. The system was then 
covered with a lid provided and incubated at 36 ± 1 OC for 12-
18-24 hours [9]. 

After the incubation period, 2 drops of alpha-napthol and 
1 drop of NaOH 40% was added to the well 10-VP presence 
of pink-red colour in about 20 minutes indicates positive 
reaction, about 2-3 drops of KOVAC’S Reagents was added into 
the well 11-IND, the presence of red colour within 2-3 minutes 
indicates positive reaction, colour change was watched at each 
well and the results were carefully read and interpreted using 
the standard given in the identiϐication index [9].

Antibacterial susceptibility test of Enterobacteriaceae 
isolated from fecal sample of human and animal in 
selected local government areas of Nasarawa state, 
Nigeria

The antibacterial susceptibility test of the bacterial 
isolates was carried out as earlier described by the Clinical 
and Laboratory Standards Institute [15]. Brieϐly, three (3) 
pure colonies of the isolates were inoculated into 5 ml sterile 
0.85% (w/v) NaCl (normal saline), and the turbidity of the 
bacteria suspension was adjusted to the turbidity equivalent 
to 0.5 McFarland’s standard. The McFarland’s standard was 
prepared as follows: 0.5 ml of 1.172% (w/v) BaCl2.2H2O (BDH 
Chemicals Ltd England) was added into 99.5 ml of 1% (w/v) 
H2SO4 (BDH Chemicals Ltd England).

A sterile swab stick was soaked in the bacteria suspension 
and streaked on Mueller-Hinton agar (Oxoid Ltd., Basingstoke, 
UK) plates, the antibiotic discs were placed at the center of the 
petri plates aseptically and allowed to stand for 1 h for pre-
diffusion. The petri plates were incubated at 37 OC for 24 h. 
The diameter zone of inhibition in millimeters was measured 
using a ruler and the result was interpreted in accordance 
with the susceptibility breakpoint earlier described by the 
Clinical and Laboratory Standards Institute [15].

De termination of Multiple Antibiotic Resistance (MAR) 
index of Enterobacteriaceae isolated  from fecal sample 
of human and animal in selected local government 
areas of Nasarawa state, Nigeria

The MAR index of the Enterobacteriaceae isolates was 
determined using the method of Krumperman [16] with little 
adjustments by Tsaku, et al. [17]: MAR Index = No. antibiotics 
isolate is resistant to/No. of antibiotics tested.

Antibiotic resistance classifi cation

Antibiotic resistance in the Enterobacteriaceae isolates 
was classiϐied into: multidrug-resistant; extensive drug-
resistant and pan drug-resistant [18].

Phenotypic confi rmatory test for ESBL production 
of Enterobacteriaceae isolated from fecal sample of 
human and animal in selected local government areas 
of Nasarawa state, Nigeria

Phenotypic conϐirmatory test of ESBL production by 
Enterobacteriaceae isolates resistant to both third and 
generation Cephalosporins (Ceftazidime and Cefotaxime) 
was carried out using the Double Disc Synergy Test (DDST) 
method as described earlier by Jarlier, et al. [19]. In brief, 
105cfu/ml bacterial suspension was streaked on sterile 
Mueller-Hinton agar plates and the Amoxicillin-Clavulanic 
acid (AMT: 30 μg) disc was placed at the center of the plate. 
Cefotaxime (CTX: 30 μg) and Ceftazidime (CAZ: 30 μg) discs 
were placed at 15 mm (edge to edge) from the center disc. The 
enhancement of the zone of inhibition in the area between the 
Amoxicillin-Clavulanic acid disc and any one of the β-lactam 
discs compared with the zone of inhibition on the far side of 
the drugs disc was interpreted as the presence of an ESBL in 
the test strain.

Results
1.  Cultural, morphological, and biochemical characteriza-

tion of Enterobacteriaceae isolated from fecal samples 
of humans and animals in selected local government 
areas of Nasarawa state, Nigeria

The cultural, morphological, and biochemical 
characterization of several species of enterobacteriaceae 
isolated from human and animal fecal samples include; 
Escherichia coli, Proteus mirabilis, Salmonella enterica, 
Klebsiella pneumonia, and Shigella lexneri as shown in Table 1.

2. Occurrence of Enterobacteriaceae isolated from fecal 
samples of humans and animals in selected local 
government areas of Nasarawa state, Nigeria 

The occurrence of Enterobacteriaceae isolated from human 
and animal fecal samples in selected local government areas 
of Nasarawa state, Nigeria is shown in Table 2. Out of 55 MDR 
human and animal fecal samples, the occurrence of Escherichia 
coli (100.0%) was the highest while the occurrence of Shigella 
lexneri (9.09%) was the lowest.

3.   Antimicrobial resistance of Enterobacteriaceae isolated 
from fecal samples of humans and animals in selected 
local government areas of Nasarawa state, Nigeria

Antimicrobial resistance of Enterobacteriaceae isolated 
from human and animal samples in selected local government 
areas of Nasarawa state Nigeria is as shown in Table 3. 
The Escherichia coli, Proteus mirabilis, Salmonella enterica, 
Klebsiella pneumoniae, and Shigella lexneri were resistant 
to Amoxicillin Clavulanic acid, Cefexime, Cefuroxime and 
Ceftriaxone Sulbactarm with resistance ranges from 66.6% - 
100% but less resistance to levoϐloxacin and oϐloxacin with 
percentage resistance ranges from 12.5% - 50.0% respectively 
as shown in Table 3.
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Table 1: Cultural, Morphological, and Biochemical Characterization of Enterobacteriaceae Isolated from Fecal Samples of Humans and Animals in Selected Local Government Areas 
of Nasarawa State, Nigeria.

Culture characteristics 

Morphology 
characteristics Biochemical characteristics

Inference 
Gram 

reaction Morphology ONPG LDC ODC ADC PD CIT UR H2S MLN VP IND GLU MAN INO SOR SAC ARA RAF

Pinkish colonies on MAC and 
greenish metallic sheen on EMB agar. - Rod + + V V - - - - - - + + + - V V V V Escherichia 

coli
Pale or colourless colonies on MCA 

and it gives a strong ϐishy odour - Rod - - V - V V + V _ _ V + - - - V - - Proteus 
mirabilis.

Blackish colonies on Salmonella 
shigella agar (SSA) - Rod - + + V - V _ V - - - + + V V - V - Salmonella 

enterica.

Pink on MCA. Pink-purple colonies 
with no metallic sheen on EMB agar - Rod + V - - - + V _ V V - + + V + + + +

Klebsiella 
pneumoniae.

Milkish/ colourless on SSA with a 
black center - Rod V - - V - - - - - - V + V - V - V V Shigella 

lexneri
KEYS: + = positive; - = negative V = variable (10-95% positively)ONPG = Hydrolysis of ONPG (Ortho-Nitrophenyl-β-Galactoside) 
LDC: Decarboxylation of Lysine; ODC: Decarboxylation of Ornithine; ADC: Decarboxylation of Arginine; PD” Decarboxylation of Phenylalanine; CIT: Utilization of Citrate; UR: 
Hydrolysis of Urea; H2S: Production of Hydrogen Sulphide; MLN: Utilization of Malonate; VP: Production of Acetoin (Voges-Proskauer test); IND: Production of Indole (Kovacs 
reagent); GLU: Fermentation of Glucose; MAN: Fermentation of Mannitol; INO: Fermentation of Inositol; SOR: Fermentation of Sorbitol; SAC: Fermentation of Saccharose; ARA: 
Fermentation of Arabinose; RAF: Fermentation of Rafϐinose

Table 2: The Occurrence of Multi-Drug Resistant Enterobacteriaceae isolated from Human and Animal Fecal Samples in Selected Local Government Areas of Nasarawa State, Nigeria.

Fecal Samples No of MDR
 No. (%) Enterobacteriaceae 

ES PR SA KL SH
Human 30 30(100.0) 5(16.5%) 2(6.6%) 4(13.3%) 3(10.0%)
Animal 25 25(100.0) 3(12.0%) 4(16.0%) 2(8.0%) 2(8.0%)
Total 55 55(100.0) 8(14.54%) 6(10.90%) 6(10.90%) 5(9.09%)

Keys: MDR: Multidrug Resistant; ES: Escherichia coli; PR: Proteus mirabilis; SA: Salmonella enteric; KL: Klebsiella pneumonia; SH: Shigella lexneri

Table 3: The Antimicrobial Resistance Patterns of Enterobacteriaceae Isolated from Human and Animal Fecal in Nasarawa State, Nigeria.

Antimicrobials Disc Contents (μg)
 No. (%) Resistance

ES (N = 55) PR (N = 8) SA (N = 6) KL (N = 6) SH (N = 5)
CXM 30 53(96.36) 7(87.5) 4(66.6) 6(100.0) 5(100.0)
CTX 25 47(85.45) 6(75.0) 3(50.0) 5(83.8) 5(100.0)
IMP 10/10 55(100.0) 8(100.0) 6(100.0) 4(66.6) 5(100.0)
OFX 5 13(23.63) 4(50.0) 2(33.3) 1(16.6) 1(20.0)
GN 10 10(18.18) 3(37.5) 2(33.3) 3(50.0) 2(40.0)
NA 30 54(98.18) 7(87.5) 3(50.0) 3(50.0) 3(60.0)
LBC 5 8(14.54) 1(12.5) 1(16.6) 2(33.3) 2(40.0)
CRO 45 53(96.36) 7(87.5) 5(83.8) 4(66.6) 4(80.0)
AMC 30 55(100.0) 8(100.0) 6(100.0) 6(100.0) 5(100.0)
ZEM 5 55(100.0) 8(100.0) 5(83.8) 6(100.0) 5(100.0)

Keys: CXM: Cefuroxime; CTX: Cefotaxime; IMP: Imipenem/Cilastatin; OFX: Oϐloxacin; GN: Gentamycin; NA: Nalidixic Acid; LBC: Levoϐloxacin; CRO: Ceftriaxone Sulbactarm; AMC: 
Amoxicillin Clavulanate; ZEM: Cefexime; MDR: Multidrug resistant; ES: Escherichia coli; PR: Proteus mirabilis; SA: Salmonella enteric; KL: Klebsiella pneumonia; SH: Shigella lexneri

The antimicrobial-resistant Enterobacteria isolated from 
human and animal samples in selected local government 
areas of Nasarawa state, Nigeria was classiϐied into; Multi-
Drug Resistant (MDR), extensive drug-resistant (XDR), and 
pan drug-resistant (PAN) with occurrence of MDR as the 
highest with percentage occurrence of 100% but none of 
the antimicrobial resistant enterobacteriacea were either 
extensive or pan drug resistance as shown in Figure 1.

4. Extended-spectrum beta-lactamase production of 
Enterobacteriaceae isolated from fecal samples of 
humans and animals in selected local government 
areas of Nasarawa state, Nigeria

The production of ESBL by different species of MDR 
Enterobacteriaceae isolated from human and animal samples 
is shown in Table 4. The occurrence of ESBL producers was 
high in Proteus mirabilis (62.5%), Escherichia coli (60.0%), 
and Klebsiella pneumoniae (50.0%) but low in Salmonella 
enterica (33.3%) and Shigella lexneri (20.0%) respectively as 
shown in Table 4.

5. Categories of antimicrobial resistance of 
Enterobacteriaceae isolated  from fecal samples of 
humans and animals in selected local government 
areas of Nasarawa state, Nigeria

Table 4: Extended Spectrum Beta Lactamase phenotypes observed in Enterobacteria-
ceae Isolated from Human and Animal Fecal in Nasarawa State, Nigeria.

ESBL Production
 No. (%) Enterobacteriaceae
ES (N = 55) PR (N = 8) SA (N = 6) KL (N = 6) SH (N = 5)

POSITIVE 33(60.0) 5(62.5) 2(33.3) 3(50.0) 1(20.0)
NEGATIVE 22(40.0) 3(37.5) 4(66.4) 3(50.0) 4(80.0)

Keys: MDR: Multi-Drug Resistant; XDR: Extensive Drug Resistant; PAN: Pan Drug 
Resistant; ES: Escherichia coli; PR: Proteus mirabilis; SA: Salmonella enterica; KL: 
Klebsiella pneumonia; SH: Shigella lexneri
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Discussion
In this study, Escherichia coli, Proteus mirabilis, Salmonella 

enterica, Klebsiella pneumonia, and Shigella lexneri were 
isolated from human and animal fecal samples in selected 
local government areas of Nasarawa state, Nigeria.

MDR Escherichia coli (100%) was isolated from both 
human and animal fecal samples which is in agreement 
with the ϐindings of Kristianingtyas, et al. 2021 [8]; Tama, et 
al. 2021 [20]; Abimiku, et al. 2016 [21]; Ali, et al. 2014 [22] 
and Adebola, et al. 2014 [23], but contrary to the ϐindings of 
Ibrahim, et al. 2019 [24] (53.4%) and Langata, et al. 2019 [25] 
(57%). The detection of Escherichia coli at a high rate in this 
study could be a result of improper hygiene.

The isolates which include; Escherichia coli, Proteus 
mirabilis, Salmonella enterica, Klebsiella pneumoniae, and 
Shigella lexneri were resistant to Cefuroxime, Ceftriaxone 
Sulbactarm, Amoxicillin Clavulanic acid, and Cefexime, with 
the resistance ranging from 66.6 -100% which is in line with 
the ϐindings of Barns, et al. 2021 [26] which has 100% for 
each Amoxicillin Clavulanic acid, Cefexime, Ceftazidime, and 
Cefuroxime respectively but contrary to the study of Tama, et 
al. 2021 [20] Amoxicillin Clavulanic acid (61.1%), Cefuroxime 
(31.1%), Ceftazime (35.6%) and Imipenem (22.2%), but less 
resistance to Oϐloxacin and Levoϐloxacin with percentage 
resistance ranging from 12.5% - 50.0% respectively which is 
not in agreement with the ϐindings of Barns, et al. 2021 [26] 
Oϐloxacin (88.23%). The sale and use of medicines (antibiotics) 
without a proper prescription is an important regulatory 
issue in the abuse/ misuse of antibiotics for both humans and 
animals. The low prevalence rate of ϐluoroquinolone-resistant 
enterobacteria is an indication that it has not been abused 
in the study area and the limited use of ϐluoroquinolone 
antibiotics for preventive measures. The extensive use of 
beta-lactamase and ϐluoroquinolone antibiotics in human and 
animal medicine is associated with the increasing emergence 
of ESBL and quinolone-resistant strains [27]. Several reasons 
have been attributed to the widespread, of which high levels 

of beta-lactamase and quinolones use in human and animal 
(veterinary) medicine is considered to be an important 
factor [27,28]. Researchers have reported that a factor of 
concern associated with the advent of quinolone resistance 
is their close relation with other agents, especially the 
expression of Extended Spectrum Beta Lactamases (ESBLs) 
and aminoglycosides [27,29]. It is quite unfortunate that 
this biological relationship among these agents has caused 
a suitable opportunity for the dissemination of multidrug 
resistance among Enterobacteriaceae, thus resulting in 
restrictions on treatment choices. Therefore, this should be of 
concern to physicians when prescribing quinolones that the 
resistance to cephalosporins and aminoglycosides and other 
resistance forms that are associated with PMQRs may occur 
as well [27,30].

The high rates of resistance found in this study could 
be explained by the wide use of antibiotics in Nigeria for 
prophylaxis and treatments in both humans and animals. 
The high rate of antibiotic utilization is a great factor in 
the emergence and dissemination of antibiotic-resistant 
Enterobacteriaceae including ESBL producers [20]. The trend 
of antimicrobial resistance among Enterobacteriaceae in food 
animals such as chickens is a cause of concern, especially 
due to the possibility and potential for the transfer of these 
pathogens to the human population [20]. An increase in the 
spread of ESBL-producing bacteria has been recorded due 
to excessive usage of β-lactams in both humans and animals, 
which is threatening personnel in the poultry industry and 
consequently posing a threat to human health [31]. ESBLs 
are widespread in Enterobacteriaceae, especially in E. coli 
and Salmonella sp., while ESBL-producing E. coli has been 
reported in food animals worldwide Tsekouras, et al. [31]. 
There are reports associated with human ESBL carriage with 
exposure to Extended Spectrum Beta Lactamase-producing 
Enterobacteriaceae of livestock origin, raising concerns about 
the possible transfer of ESBL producers through the food 
chain, which could jeopardize public health Tsekouras, et al. 
[31]. 

The presence of ESBL-producing Enterobacteriaceae in 
animal samples within the southeastern part of Nigeria has 
been reported by Chah, et al. [32]. In Owerri, a prevalence 
rate of 22.2% was reported among poultry [33]. In Sokoto, a 
prevalence rate of 8.9% and 5.7% for ESBL-producing E. coli 
in chickens and retail eggs in Sokoto metropolis was reported 
by Abubakar, et al. [34].

Conclusion
The occurrence of Enterobacteriaceae namely Escherichia 

coli, Proteus mirabilis, Salmonella enterica, Klebsiella 
pneumonia, and Shigella lexneri isolated from human and 
animal fecal samples were highly resistant to β- lactam 
antibiotics such as cefexime, cefuroxime, ceftriaxone 
sulbactam, cefotaxime and imipenem/cilastatin but less 
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Figure 1: The Classes of Antimicrobial Resistance in Antimicrobial Resistant of 
Enterobacteriaceae Isolated from Human and Animal Fecal in Nasarawa State, Nigeria.
Keys: MDR: Multi-Drug Resistant; XDR: Extensive Drug Resistant; PAN: Pan Drug 
Resistant; ES: Escherichia coli; PR: Proteus mirabilis; SA: Salmonella enterica; KL: 
Klebsiella pneumonia; SH: Shigella lexneri
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resistant to levoϐloxacin and oϐloxacin. These antibiotics may 
be useful for treatments in the study area most of the isolates 
are MDR Enterobacteriaceae. The sale and in-discriminate use 
of antibiotics without a prescription is an important regulatory 
issue in the abuse of antibiotics for both humans and animals. 
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