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ABSTRACT 

Background: The emergence of drug-resistant Escherichia coli in diarrheal cases showed the need for better monitoring of resistance pat-

terns. This study analyzed fluoroquinolone resistance and ESBL genes in diarrheagenic E. coli isolates from Abuja, Nigeria. 

Methods: Fresh stool specimens obtained from study participants were subjected to microbiological culture, with subsequent identification 

of all Gram-negative isolates using the Analytical Profile Index (API) 20E system. Patient demographic data were systematically collected 

via structured questionnaires. Antimicrobial susceptibility testing of confirmed E. coli isolates was performed using a Kirby-Bauer disk 

diffusion assay. Molecular characterization included the detection of Extended-Spectrum β-Lactamase genes (blaSHV, blaCTX-M, and 

blaTEM) and quinolone resistance determinants (qnrB, qnrS, and oqxB) through multiplex PCR analysis using gene-specific primers. 

Results: Of the 380 stool samples processed, bacterial growth was observed in only 156 specimens (41%), while 224 samples (59%) showed 

no microbial growth. Among cultured isolates, Escherichia coli (n=40) demonstrated the highest prevalence, exhibiting notable resistance 

patterns: 75% to Augmentin (amoxicillin-clavulanate) and 63% to ceftazidime, with multidrug resistance (≥3 antibiotic classes) observed 

across all resistant strains. ESBL genotyping revealed the blaTEM gene in 21 E. coli isolates (52.5%). Quinolone resistance markers were 

detected at varying frequencies: qnr genes were present in 15% of isolates (6/40), with qnrS (5%) and qnrB (10%) specifically identified. 

Notably, the oqxB gene was absent in all tested specimens. 

Conclusions: This investigation revealed that E. coli isolates had a significant incidence of antimicrobial resistance, with β-lactam antibiotic 

resistance predominating.  According to molecular characterisation, the most prevalent resistance determinant is the blaTEM ESBL gene.  

Furthermore, a subgroup of isolates had plasmid-mediated quinolone resistance genes (qnrB and qnrS) identified.  Because of their plasmid-

borne nature, which allows for horizontal gene transfer across bacterial strains and may hasten the spread of multidrug resistance within 

microbial populations, the existence of these mobile genetic elements is especially of significant concern. 
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1.0 INTRODUCTION 

The increasing rate of antimicrobial resistance by Entero-

bacteriaceae often results in complex clinical manage-

ment, prolonged illness, and compromised treatment in 

developing countries due to unrestricted widespread use 

of antibiotics [1]. The Enterobacteriaceae are becoming 

highly resistant to beta-lactam antibiotics, which they 

were initially sensitive to, due to the production of beta-

lactamase enzymes that inactivate beta-lactam antibiotics. 

[1]. 

Bacteria that produce extended-spectrum beta-lactamase 

enzymes (ESBL) have been recognised by the World 

Health Organisation [2] as a significant pathogen.  Multi-

drug resistance is influenced by the high frequency of 

ESBL-producing bacteria in human illnesses [3]. There 

are reports of the fast-growing Enterobacteriaceae, which 

produce ESBL worldwide [1-8]. Third-generation cepha-

losporins and other antibiotics from the non-β-lactam 

category are ineffective against Enterobacteriaceae that 

produce ESBL [1, 3].  There have been reports of a 

strong correlation between strains that produce ESBLs 

and those resistant to ciprofloxacin [9]. 

Since E. coli is a major contributor to gastrointestinal 

disorders globally, this public health concern must be 

addressed [10]. Diarrhoeal disorders and enteric infec-

tions are common worldwide and are a leading cause of 

illness and mortality in developing countries, with higher 

incidence among the elderly and young [11]. In Abuja, 

children aged five and under have had their diarrhoeal E. 

coli levels assessed [12, 13].  The development of re-

sistant strains to most first-line antimicrobial drugs in 

recent decades has made treating the Enterobacteriaceae 

family more difficult [14]. 

Since the qnr genes causing plasmid-mediated quinolone 

resistance are widely dispersed worldwide, it has been 

hypothesised that this mechanism aids in the dissemina-

tion and frequency of quinolone-resistant strains [15, 16]. 

The Enterobacteriaceae have been found to possess sev-

eral quinolone (qnr) gene variants, including qnrA, qnrB, 

qnrC, qnrD, qnrS, and others [17, 18]. 

 However, few studies have examined the genes responsi-

ble for antibiotic resistance in Escherichia coli isolated 

from diarrhoeal stool. This study detected extended-

spectrum β-lactamase–producing and fluoroquinolone-

resistant genes in E. coli isolates from diarrhoeal stool 

samples collected in Abuja, Nigeria. 

 

2.0 METHODOLOGY 

2.1 Study Area 

The study was conducted in three selected government 
secondary hospitals, including Maitama District Hospital 
(MDH), Asokoro District Hospital (ADH), and Wuse 
District Hospital (WDH), in Abuja, Federal Capital Terri-
tory, Nigeria.  

2.2 Sample Collection 

Stool samples were collected by the patient/care giver 
into sterile wide-mouth plastic universal containers with 
scoop, labeled with the name, sex and age of patients pre-
senting with diarrhea episodes attending the in and out-
patients clinic of the Hospitals. General information on 
the patients' clinical history, socioeconomic status, and 
living conditions was obtained on a questionnaire. The 
samples were transported in ice packs to the laboratory 
within 4 hours of collection for processing.  

2.3 Isolation and Identification of Bacteria from Stool 
Samples 

The stool samples were cultivated on MacConkey agar 
and incubated for 24 hours at 37°C in an aerobic environ-
ment.  Following the manufacturer's directions, all lactose
-fermenting colonies on the plate were stained with 
Gramme stain, and all Gram-negative isolates were iden-
tified using the Analytical Profile Index (API) 20E 
(BioMérieux, France).  The identified isolates were cul-
tured for 18 to 24 hours at 37 °C after being inoculated 
into 0.5 ml of sterile Mueller-Hinton broth in cryotube 
vials in duplicate.  After adding 0.5 mL of sterile glycerol 
to the overnight broth culture was promptly chilled at -
80˚C. 

2.4 Antibiotic Susceptibility Testing 

Antibiotic susceptibility of the identified E. coli was per-
formed using the disc diffusion method to test the sensi-
tivity of the isolates to Ceftazidime (CAZ, 30 µg), Ceftri-
axone (CRO, 30 µg), Gentamicin (GEN 10 µg), Ofloxa-
cin (OFX, 5 µg), Levofloxacin (LEV, 5 µg), Ciprofloxa-
cin (CIP, 5 µg), and Augmentin (AUG, 30 µg). Suscepti-
bility results were interpreted using the CLSI 2013 stand-
ard [19].  

2.5 DNA Extraction  

DNA was extracted from the E. coli using the NIMR Ge-
nomic DNA Extraction Kit as described in the instruction 
leaflet. 500 μL of lysis buffer was added to 100 μL of 
overnight broth culture of the isolate, the mixture was 
vortexed and incubated at 560 °C for 10 mins, centri-
fuged at 10,000 rpm for 1 min, followed by 200 μL of 
absolute ethanol. The mixture was transferred into a spin 
column and centrifuged at 10,000 rpm for 30 seconds. 
The flow-through was discarded, and 500 μL of Wash 
Buffer 1 was added to the spin column and centrifuged at 
10,000 rpm for 30 seconds. The flow-through was dis-
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carded; the collection tube was blotted with tissue paper, 
and then 500 μL of Wash buffer 2 was added to the spin 
column and centrifuged at 10,000 rpm for 1 min. The 
flow-through was discarded, and the collection tube was 
blotted with a tissue paper.  

The spin column was centrifuged again at 12,000 rpm for 
3 minutes to remove all traces of ethanol. The spin col-
umn was placed in another micro-centrifuge tube, 50 μL 
of elution buffer was added to the center of the column, 
and the column was incubated at room temperature for 2 
minutes. The tube was centrifuged at 10,000 rpm for 1 
min to elute DNA. The extracted DNA was used for Mul-
tiplex Polymerase Chain Reaction (PCR). 

2.6 Molecular detection of antibiotic resistance genes  

The genomic identification of Extended-spectrum β-
lactamases (ESBLs) and quinolone-resistant genes on E. 
coli was done using Multiplex Polymerase Chain Reac-
tion (PCR). Ejaz and colleagues previously described the 
primers used to detect (ESBLs) genes blaSHV, blaCTX, 
and blaTEM [20]. While the primers used for the detec-
tion of quinolone-resistant genes (qnrB, qnrS, oqxB) were 
adapted from Wang and other researchers [21-24]. The 
nucleotide sequences of the primers are shown in Table 1. 

2.7 PCR Amplification  

The Multiplex PCR reaction was conducted using the 
Solis Biodyne 5X FIREPol Master mix. PCR was per-
formed in 20 uL of a reaction mixture. The reaction con-
centration was brought down from 5X concentration to 
1X concentration containing 1X  Master mix Buffer 
(Solis Biodyne), 1.5mM MgCl2, 200µM of each deox-
ynucleoside triphosphates (dNTP)(Solis Biodyne),  20p-
Mol of primers as presented in Table 1 (Stab Vida, Portu-
gal), 2 unit of Hot FIREPol DNA polymerase (Solis Bio-

dyne), Proofreading Enzyme, 5µl of the extracted DNA, 
and sterile distilled water was used to make up the reac-
tion mixture.  

Thermal cycling was done using Techne Prime thermal 
cycler for an initial denaturation at 95°C for 15 mins, fol-
lowed by 35 amplification cycles of 30 seconds at 95°C, 1 
min  as indicated in the primer tables, and 1 minute and 
30 Seconds at 72°C. This was followed by a final exten-
sion step of 10 minutes at 72°C. Five microlitres of the 
PCR amplicon were added to 1 μL of loading buffer-
containing dye, and 5 μL of 100-bp DNA molecular 
weight marker (ThermoFisher Scientific) were loaded 
into 1.5% (w/v) agarose gels in 1X TAE buffer in the 
electrophoresis device. The electrophoresis unit was run 
at 80 volts for 90 minutes, and the resulting DNA bands 
were examined and photographed under UV light using 
the Trans-illuminator. 

2.8 Ethical permission 

Ethical approval for this study was obtained from the Fed-
eral Capital Territory (FCT) Ethical Committee with ap-
proval number: FHREC/2021/01/52/08-06-2021. Written 
and oral informed consents were obtained from patients 
or their caretakers. 

2.9 Data Analysis 

All data obtained from the questionnaire and other data 
generated in the study were analyzed using SPSS version 
25.0.  

 

3.0 RESULTS   

Three hospitals, ADH 150 (39.5%), WDH 140 (36.8%), 
and MDH 90 (23.7%), provided a total of 380 stool sam-
ples.  Of the cultures on MacConkey agar, 224 (59%) pro-
duced no growth, 29 (7.6%) were non-lactose fermenters, 
and 127 (33.4%) were lactose fermenters.  Table 2 dis-
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Target 
Genes 

Primer 
Name 

Sequence (51 --31) Anneal 
Temp   
(˚C) 

Base 
pair 
(bp) 

Refer-
ence 

 (ESBLs) bla SHV F:GATGAACGCTT
TCCCATGATG 

58 214 Ku-
mar et 
al.,  
[ 4 ] 

R:CGCTGTTATCG
CTCATGGTAA 

bla CTX F:GACAAAGAGAG
TGCAACGGATG 

58 501 Ku-
mar et 
al.,  
[ 4 ] 

R:TCAGTGCGATC
CAGACGAAA 

bla TEM F:AGTGCTGCCAT
AACCATGAGTG 

58 431 Ku-
mar et 
al.,  
[ 4 ] 

R:CTGACTCCCCG
TCGTGTAGATA 

Quin-
olones 

qnrB F: AACCTGAAA-
GATGCCATT 

55 405 Thaku
r et al. 
[10] R: AAGGCCTT-

GTAAATCAAC 
qnrS F: GAC-

GTGCTAACTTGCG
TGAT 

55 456 Bajaj 
et al. 
[22] 

R: GATCTAAAC-
CGTCGAGTTCG 

oqxB F:CGAAGAAAGAC
CTCCCTACCC 

55 240 
  

Chen 
et al. 
[23] R:CGCCGCCAATG

AGATACA 

Table 1. Primer sequences for the detection of Antibiotic Resistance Genes 

Bacteria Frequency of bacterial occurrence N (%) 

Citrobacter freundii 1 (0.64) 
Citrobacter koseri 4 (2.56) 
Citrobacter youngae 1 (0.64) 
Cronobacter sp. 2 (1.28) 
Enterobacter cloacae 1 (0.64) 
Enterobacter.aerogenes 2 (1.28) 
Escherichia coli 40 (25.6) 
Klebsiella oxytoca 2 (1.28) 
Klebsiella pneumoniae 5 (3.21) 
Kluyvera specie 40 (25.6) 
Pantoea specie 4 (2.56) 
Raoultella ornithinolytica 29 (18.6) 
Serratia fonticola 2 (1.28) 
Serratia liquefacien 1 (0.64) 
Salmonella enteritica sub-
specie Arizona 

7 (4.49) 

Serratia marcescens 3 (1.92) 
Serratia odorifera 1 5 (3.21) 
Serratia odorifera 2 3 (1.92) 
Serratia rubidae 2 (1.28) 
Stenotrophomonas malto-
philia 

2 (1.28) 

Sub total 156 (100) 
No bacteria growth 224 (59) 
Total 380 

Table 2. Frequency distribution of Bacteria Isolated from Diarrhea 
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plays the frequency distribution of the bacteria that were 
recovered from the stool samples.  Raoultella ornithino-
lytica (29), Kluyvera species (40), and Escherichia coli 
(40) were the most common isolated bacteria.  Table 3 
displays the prevalence of bacterially positive diarrhoea 
by age.  60 (38.5%) of the 156 bacterially positive sam-
ples came from people aged 19 to 65 years. 

The isolated E. coli exhibited multiple resistance to three 
or more of the tested antibiotics and were highly resistant 
to ceftaxidime (63%) and augmentin (75%) (Figure 1).  
Before going to the hospital, a significant portion of the 
individuals acknowledged using antibiotics for their diar-
rhoeal bouts (Figure 2).  

Of the 40 identified E. coli (Table 4), only 21 (52.5%) 
had blaTEM genes, which are ESBL resistance genes.  In 
E.coli, no blaSHV or blaCTX resistance genes were 
found.  Figure 3.The genes coding for quinolone re-
sistance were detected in only 6 (15%) of the E. coli 
(Figure 4). qnrS (456 bp) was detected in 2 of the isolates 
and qnrB (405 bp) was detected in 4 of isolates while 
oqxB with 240 bp was not detected in any of the E. coli 
Table 5 and Figure 4. 

 

4.0 DISCUSSION 

Although it is not usually advised to treat diarrhoea with 
antibiotics, it is crucial to comprehend the pathogens' 
antibiotic susceptibility since intestinal E. coli strains 
may act as a reservoir of genes that cause antibiotic re-
sistance [25]. Most study participants confirmed using 
antibiotics before arriving to the hospital, and the E. coli 
isolates were highly resistant to ceftaxidime (63%) and 
augmentin (75%). This supported earlier findings that 
patients are frequently exposed to the unprescription use 
of antibiotics to treat a variety of illnesses [26, 27]. Mis-
guided practices along flow of antibiotics to a patient and 
the eventual use (such as production, distribution, pre-
scription, dispensing, and finally consumption of the 
drug by the patient or use in animal production) have 
been attributed the high emergence of antibiotics re-
sistance [28].  

The E. coli that was isolated from the diarrhoeal samples 
demonstrated a very high level of resistance to the β- 

Figure 2. Participants´ patterns of antibiotic usage before or after Hospital 

visits 

Figure 4. Gel electrophoresis of amplified qnrS (456 bp) lanes (30 and 34, 
arrowed circle inserts), qnrB (405 bp) lanes (4, 15, 18 and 28, circle inserts) 
and oqxB (240 bp) = Nil genes coding for quinolone resistance. 

Age 
Years 

No. of Patients 
N (%) 

Positive culture 
N (%) 

E. 
coli 

Kluyvera 
Species 

Raoultella ornithinolytica Other Bacteria isolated Total 
Bacteria isolated 

0-1 54 (14.2) 35 (22.4) 11 8 3 12 33 (21.2) 
2-10 60 (15.78) 36 (23.1) 9 7 8 8 32 (20.5) 
11-18 54 (14.2) 17 (10.89) 3 7 5 4 19 (12.2) 
19-65 196 (51.57) 60 (38.5) 14 17 11 21 63 (40.4) 
>65 16 (4.2) 8 (5.1%) 3 1 2 2 8 (5.1) 
Total 380 156 (25.6) 40 40 29 47 156 

Table 3. Prevalence of bacterial positive stool culture with age 

Figure 1. Antibiotic Resistance of the Escherichia coli isolated from stool 

samples 

Figure 3. Gel Electrophoresis of amplified ESBL resistance genes in isolated E. 

coli 

Key: blaTEM (431 bp) = 21 (1, 2, 3, 4, 5, 7, 9, 10, 12, 16, 18, 19, 22, 23, 24, 25, 29, 30, 31, 

34 and 36),                blaSHV (214 bp) = Nil and blaCTX-M (501bp) = Nil (adapted from 

this study) 
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lactam antibiotics Augmentin and Ceftazidime.   Bacteria 
that produce Extended Spectrum Beta Lactamase have  
several mutations that enable them to hydrolyse expand-
ed-spectrum beta-lactam antibiotics [29]. The most com-

mon resistance gene identified in isolates of E. coli is 
ESBL [30, 31]. Also, this investigation found that the 
isolated E. coli carried the ESBL resistance gene.   

Only blaTEM (52.5%) was identified. The resistance of 

the E. coli to Augmentin and ceftazidime is due to the 

presence of blaTEM.  blaTEM-type are the most often 

reported ESBLs in E. coli and K. pneumoniae; other gen-

era of Enterobacteriaceae and non-Enterobacteriaceae. 

Naturally occurring extended-spectrum TEM variants 

have been suggested to result from selection pressure 

with several β-lactams [32]. 

Quinolones are antimicrobial agents widely used in the 

hospital and the community, 42%, 23% and 20% were 

resistant to Ciprofloxacin, Ofloxacin, and Levofloxacin, 

respectively. The genes encoding Quinolone resistance 

qnrS 2 (5%) and qnrB 4 (10%) were also detected. The 

prevalence of qnr genes in E. coli in this study is low 

compared to 47% reported by Salah and colleagues [33]. 

The disparity may be attributed to the many ESBL-

producing E. coli tested. Fluoroquinolone resistance is 

plasmid-mediated, which results in the selection of mu-

tant strains with a high level of fluoroquinolone re-

sistance [33]. Dual carriage of TEM and qnr genes has 

been reported by Bradford [29]. 

Most E. coli isolated were highly resistant to beta-lactam 

antibiotics used in this study, and they carried the ESBL 

gene (blaTEM). Also, quinolone resistance genes qnrB 

and qnrS were identified. These plasmid-mediated re-

sistance genes call for concern as they could contribute to 

the increasing spread of multidrug resistance, as the plas-

mid can easily be transferred between bacteria. 

 

Abbreviations  

AMR: Antimicrobial resistance 

API: Analytical Profile Index 20E test 

CLSI: Clinical and Laboratory Standards Institute 

Bfp: bundle-forming pilus gene 

DEC: Diarrheagenic Escherichia coli 

ESBLs: Extended-spectrum beta-lactamases 

EIDD: Enteric infections and diarrheal diseases 

EPEC: Enteropathogenic E. coli 

EHEC: Enterohemorrhagic E. coli 

TSB: Trypticase Soy Broth 

Banjo et al., Pan African Journal of Life Sciences (2025): 9(2): 489-495 

      ESBL n=40          Quinolones n=40 

Sample 
No 

blaTE
M 

BlaSHV blaCTX qnrS qnrB Oqx 

1 + - - - - - 
2 + - - - - - 
3 + - - - - - 
4 + - - - + - 
5 + - - - - - 
6 - - - - - - 
7 + - - - - - 
8 - - - - - - 
9 + - - - - - 
10 + - - - - - 
11 - - - - - - 
12 + - - - - - 
13 - - - - - - 
14 - - - - - - 
15 - - - - + - 
16 + - - - - - 
17 - - - - - - 
18 + - - - + - 
19 + - - - - - 
20 - - - - - - 
21 - - - - - - 
22 + - - - - - 
23 + - - - - - 
24 + - - - - - 
25 + - - - - - 
26 - - - - - - 
27 - - - - - - 
28 - - - - + - 
29 + - - - - - 
30 + - - + - - 
31 + - - - - - 
32 - - - - - - 
33 - - - - - - 
34 + - - + - - 
35 - - - - - - 
36 + - - - - - 
37 - - - - - - 
38 - - - - - - 
39 - - - - - - 
40 - - - - - - 
Total 21/40 0 0 2/40 4/40 0 

Table 4.  Prevalence of ESBL and Quinolone Resistance Genes in Bacte-

rial Isolates. 

No significant association was observed between age groups and the pres-

ence of antibiotic-resistance genes ESBL (p-value = 0.422). On the other 

hand, a statistically significant association was observed between age 

groups and Quinolones resistance (p-value = 0.044) 

Age Group                           ESBL p-value 

  No (N, %) Yes (N, %)   
0-1 7 (5.2) 4 (5.8) 

0.422 

2-10 5 (5.7) 7 (6.3) 
11-18 2 (1.4) 1 (1.6) 
19-65 3 (3.8) 5 (4.2) 
>65 0 (0.9) 2 (1.1) 
  QUINOLONES   
0-1 11 (10.1) 0  (0.9) 

0.044 
2-10 12 (11) 0 (1) 
11-18 3 (2.8) 0 (0.3) 
19-65 6 (7.3) 2 (0.7) 
>65 1 (1.8) 1 (0.2) 

Table 5. Association between Age Groups and the Presence of Antibiotic 

Resistance Gene  

Key: ESBL = Extended spectrum beta lactamases, Quinolones 
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MDR: Multi-drug resistance 

MIC: Minimum Inhibitory Concentration 
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