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Abstract
Fluoroquinolones remain one of the most successful and widely exploited classes of antimicrobial agents, due to their broad-spectrum applications, exceptional tissue penetration, oral bioavailability and other properties.   In recent times, however, widespread use of fluoroquinolones in human and veterinary medicine, as well as their presence in the water, soil, and the environment, has led to a high and escalating emergence of antimicrobial resistance to members of the class. The acquisition of PMQR genes, such as qnrA, qnrB, and related genes. confers on bacteria such as coliforms resistance to fluoroquinolones by protecting DNA gyrase and topoisomerase IV. This study was thus aimed at detecting QnrA and QnrB genes in quinolone-resistant coliforms recovered from herbal remedies. Antimicrobial Susceptibility Testing was performed using fresh colonies of pre-isolated coliform strains using the disc diffusion method. The identified multi-resistant coliform isolates were subjected to molecular analysis for phylogenetic identification and detection of the quinolone-resistance genes Qnr A and Qnr B. The cumulative results for the five quinolone antimicrobial agents tested indicated a resistance of 35.0% among the coliform strains. The least number of strains were resistant to Ciprofloxacin (25.0%,), followed by levofloxacin (30.4%), pefloxacin (35.7%), ofloxacin (37.5%), and norfloxacin (46.4%) The Multidrug Resistance patterns indicate that 25% were non-MDR, 75% were MDR; 47.6% were found to be extensively multidrug resistant, 2.6% was pan-drug resistant, while the remaining 50% were MDR. Among 47 Klebsiella pneumoniae strains, 10 (21.3%) were non-MDR, 37 (78.7%); 18 (48.6%) of the 37 MDR strains were XDR, 2.7% was PDR, while the remaining 48.6% were simply MDR. The Agarose gel electrophoresis of the 16S rRNA gene of the MDR coliforms revealed presence of QnrA genes in Pantoa dispersa and Enterobacter hormaechei but none in Klebsiella pneumoniae; QnrB was detected only in Pantoa dispersa.

Introduction
[bookmark: _Hlk162491736]Fluoroquinolones are synthetic analogues of nalidixic acid, reportedly discovered in 1962 as secondary products of chloroquine synthesis. Lesher et al., 1965; Bisacchi, 2015; Bush et al., 2020; Rusu et al., 2023. However, the history of the class has been traced bac to 1949 when Australian researchers described the structure of the basic 3-carboxyquinolones of quinolones (Millanao et al., 2021) They are broad spectrum, systemic, bactericidal agents which attacks the bacterial enzymes DNA gyrase and DNA topoisomerase IV, where they cleave the DNA in both strands by stabilizing a covalent enzyme-DNA complex, thus inhibiting DNA and RNA synthesis. (Bush et al., 2020; Millanao et al., 2021)
Fluoroquinolones are ranked among the most successful and widely prescribed antimicrobial agents due to their efficacy against a wide range of gram-positive, gram-negative, and atypical bacteria, excellent tissue penetration, oral bioavailability, relative safety and delayed development of resistance compared to several other antimicrobial classes. (Bush et al., 2020; Millanao et al., 2021; Rusu et al., 2023) Though fluoroquinolones are reported to be comparatively safe antimicrobial agents, a number adverse effects have been identified such as are tendon rupture (especially to the Achilles tendon), arthralgia, tendonitis, pain in extremities, gait disturbance, neuropathies associated with paresthesia, fatigue, memory impairment, depression, sleep disorders, impaired vision, hearing, taste and smell, phototoxicity, genotoxicity, QTc prolongation, hematological effect, hepatic eosinophilia effect,   pulmonary interstitial eosinophilia, immunological side-effects, hypoglycemia, and CYP 450 inhibition (Pham et al., 2019; Francisco, 2021; Rusu et al., 2023).  
[bookmark: _Hlk162680175]The minimum inhibitory concentrations (MICs) of fluoroquinolones for several bacterial strains are very low; thus, they are quickly killed by low concentrations of the antibiotics, which is a major reason for the late development of resistance to fluoroquinolones. (Tang & Zhao, 2023) However, extensive use of fluoroquinolones in human and veterinary medicines has led to widespread and increasing development of antimicrobial resistance against members of the fluoroquinolone family.   (Furmanek-Blaszk et al., 2023). There are essentially two mechanisms of resistance to fluoroquinolones: chromosomal mutations in DNA gyrase and topoisomerase IV, and the acquisition of plasmid-mediated quinolone resistance (PMQR). (Salah et al., 2019; Bush et al., 2020; Furmanek-Blaszk et al., 2023; Kariuki et al., 2023)
While the accumulation of chromosomal mutations in genes which encode for the subunits of the quinolone resistance-determining regions (QRDRs),  DNA gyrase and DNA topoisomerase are the dominant mechanisms of  antimicrobial resistance against fluoroquinolones, and has been responsible for vertical transmission of resistance genes; plasmid-mediated quinolone are known to be responsible for the horizontal transfer and proliferation  quinolone-resistant genes among disparate strains and species of bacteria. (Salah et al., 2019; Amin et al., 2021) It is also reported that PMQR-positive bacteria have greater likelihood of chromosomal mutations with the consequent high level of resistance to quinolones (Amin et al., 2021)
The acquisition of PMQR genes confers resistance against fluoroquinolones in several ways including the protection of DNA gyrase and topoisomerase IV against the activities of the fluoroquinolones  mediated by  qnrA, qnrB, qnrC, qnrD, qnrS, and qn rVC, modification of the drug through the activities of quinolone modifying enzymes such as the aminoglycoside acetyltransferase (encoded by acc(6′)-Ib -cr) acetylate the quinolones, thus making them less effective and enhanced expression of quinolone efflux pumps and alteration of the membrane permeability resulting in lower concentration of the drugs within the bacterial membrane (Ayobola et al., 2021; Juraschek et al., 2021; Furmanek-Blaszk et al., 2023; Swedan et al., 2023) 
[bookmark: _Hlk165241994]Coliform bacteria comprise of a non-taxonomic grouping of aerobic or facultative anaerobic, non-spore-forming, Gram-negative rods which can grow and ferment lactose at a temperature of 35–37 °C, producing acid and gas They are adapted to live in the intestinal tract of all vertebrates as well as the external environment such as soil, water, vegetation etc. (Metz et al., 2020). Thermotolerant coliforms and faecal coliforms in addition to the above definition, are also able to grow and produce acid and gas at 44.5 °C; they include Escherichia coli, Klebsiella pneumoniae, Enterobacter agglomerans, Enterobacter aerogenes, Enterobacter cloacae, and Citrobacter freundii. (Hammad et al., 2022). Enterobacter and Klebsiella pneumoniae are ESKAPE pathogens notoriously linked with several nosocomial and community‐acquired infections, such as septicemia, pneumonia, meningitis, soft tissue infections, and urinary tract infections (Jomehzadeh et al., 2022). Enterobacter hormaechei is an environmental coliform, and nosocomial pathogen associated with neonatal bloodstream and urinary infections, as well as  animal infections. (Cao et al., 2022).
This study was aimed at the detection of QnrA and QnrB Genes in five MDR species of coliform bacteria namely: two Klebsiella pneumoniae, two Enterobacter hormaechei, and one Pantoea dispersa, isolated from Liquid, Oral Herbal Remedies and found to be resistant to at least one quinolone drug.

Methodology
Antimicrobial Susceptibility Testing and Determination of Multidrug Resistance
Fresh colonies of coliform strains were transferred into sterile test tubes containing 3ml of normal saline; the densities of the resultant mixtures were adjusted to match 0.5 McFarland standards. The inocula were seeded on Muller Hinton agar (Oxoid) with the following antibiotics: amoxicillin clavulanate(30ug/ul), ceftriaxone (30ug/ul), cefuroxime (30ug/ul), cephalexin (30ug/ul), chloramphenicol (30ug/ul), ciprofloxacin (5 ug/ul), cotrimoxazole (25ug/ul), doxycycline (30ug/ul), erythromycin (15 ug/ul), gentamicin (10 ug/ul), levofloxacin (5 ug/ul) norfloxacin (10 ug/ul), ofloxacin (5 ug/ul), peflacine (5 ug/ul), streptomycin (10 ug/ul), The antibiotic discs were from oxoid/Thermo Fisher Scientific (Basingstoke UK). The cultures were incubated for 18 to 24 hours, while zones of inhibition were interpreted in accordance with the recommendations of the Clinical and Laboratory Standards Institute (CLSI). The determination of multidrug resistance profile employed the definition of MDR as acquired non‐susceptibility to at least one agent in any three or more antimicrobial categories. XDR was defined as non‐susceptibility to at least one agent in all but one or two antimicrobial categories, and PDR was defined as non‐susceptibility to all agents in all antimicrobial categories; i.e., MDR encompasses both XDR and PDR in addition to MDR values below the level of XDR.  (Magiorakos et al 2011, Sharma et al 2023)
Molecular Characterization
Molecular characterization of five MDR strains was carried out to confirm their identification and determine the presence of QnrA and QnrB, genes as follows.
DNA quantification: Quantification of the genomic DNA extracts was carried out with a Nanodrop 1000 spectrophotometer. A double click on the Nanodrop icon on the computer screen effected a launching of the equipment software. Initialization of the apparatus was performed with 2 ul of sterile distilled water, by means of normal saline as blank. The lower pedestal of the Nanodrop 1000 spectrophotometer was laden with 2ul of the DNA extract, while the upper pedestal was conveyed down to contact with the DNA extract on the lower pedestal. Evaluation of the concentration of DNA was performed by clicking on the “measure” button (Ghorbani-Dalini et al., 2015; Tsaku et al., 2019).
16S rRNA Amplification: The amplification of the “16s rRNA region of the rRNA gene of the isolates was carried out with the 27F: 5'-AGAGTTTGATCMTGGCTCAG-3’ and 1492R: 5'-CGGTTACCTTGTTACGACTT-3'  primers on an ABI 9700 Applied Biosystems thermal cycler at a final concentration of 40 μL in 35 cycles. The following were incorporated in the PCR mix: the X2 Dream taq Master mix supplied by Inqaba,  South Africa (taq polymerase, DNTPs, MgCl), the primers at a concentration of 0.5uM and the extracted DNA as template”. “The PCR was performed under the following conditions: Initial denaturation, 95ºC for five minutes; denaturation, 95ºC for 30 seconds; annealing, 52ºC for 30 seconds; extension, 72ºC for  30 seconds in 35 cycles and concluding extension, 72ºC for five minutes (Ugboma et al., 2020; Akani et al., 2020). Resolution of the product was carried out on a 1% agarose gel at 130V for 30 minutes, followed by visualization on a blue light trans-illuminator” (Ugboma et al., 2020; Akani et al., 2020).
QnrA Amplification: QnrA “genes from the isolates were amplified using the QnrAF: 5´-TTGCGATGCTCTATGAGTGGCTA-3´ and AQnrAR: 5´-CTCGAATGCCTGGCGTGTTT-3´ primers on a ABI 9700 Applied Biosystems thermal cycler at a final volume of 30 microlitres in 35 cycles. The following were incorporated in the PCR mix: the X2 Dream taq Master mix supplied by Inqaba, South Africa (taq polymerase, dNTPs, MgCl), the primers at a concentration of 0.4uM and 50ng of the DNA extracts as template’. “The PCR was performed under the following conditions: Initial denaturation, 95ºC for five minutes; denaturation, 95ºC for 30 seconds; annealing, 58ºC in 30 seconds; extension, 72ºC for    30 seconds  in 35 cycles and final extension, 72ºC for five minutes. Resolution of the product was carried out on a 1% agarose gel at 130V for 25 minutes followed by visualization on a blue light trans-illuminaton” (Akani et al., 2020; Ewers,  et al., 2021).  
QnrB Amplification: QnrB genes from the isolates were amplified using the QnrBF: 5′-GATCGTGAAAGCCAGAAAGG-3´ and QnrBR: 5′-CGATGCCTGGTAGTTGTCC-3´ primers on a ABI 9700 Applied Biosystems thermal cycler at a final volume of 30 microlitres for 35 cycles. The following were incorporated in the PCR mix: the X2 Dream taq Master mix supplied by Inqaba, South Africa (taq polymerase, DNTPs, MgCl), the primers at a concentration of 0.4uM and 50ng of the DNA extracts as template. 
“The PCR was performed under the following conditions: Initial denaturation, 95ºC for 5 minutes; denaturation, 95ºC for 30 seconds; annealing, 50ºC for 30 seconds; extension, 72ºC for    30 seconds  for 35 cycles and concluding extension, 72ºC for five minutes. Resolution of the product was carried out on a 1% agarose gel at 130V for 25 minutes followed by visualization on a blue light trans-illuminator” (Akani et al., 2020). 
16S rRNA Sequencing: The product sequencing was carried out with “the BigDye Terminator kit on a 3510 ABI sequencer product of Inqaba Biotechnological, Pretoria South Africa;” at a finishing volume of 10ul. The BigDye Terminator kit incorporates the following components: “0.25 ul BigDye® terminator v1.1/v3.1, 2.25ul of 5 x BigDye sequencing buffer, 10uM Primer PCR primer, and 2-10ng PCR template per 100bp.” The sequencing was performed under the following conditions:  32 cycles of 96°C for 10s, 55°C for 5s and 60°C for 4minutes (Ghorbani-Dalini et al., 2015; Ukaefu et al., 2019; Tsaku et al., 2019).
Phylogenetic Analysis: The editing process for the resultant sequences were executed with “the bioinformatics algorithm Trace edit; analogous sequences were downloaded from the National Center for Biotechnology Information (NCBI) data base using BLASTN.  These sequences were aligned 
using MAFFT”. Inferences on the evolutionary history were done by following the “Neighbour-Joining method in MEGA 6.0.   Inferences on the bootstrap consensus tree were made from 500 replicates was taken to represent the evolutionary history of the taxa analysed.” The Jukes-Cantor method was followed in the computation of the evolutionary distances (Ukaefu et al., 2019; Nsofor et al., 2021).

Results
The results for the five quinolone antimicrobial agents tested showed a cumulative resistance of 35.0% among the coliform strains. Ciprofloxacin encountered the least resistance with 25.0%, followed by levofloxacin (30.4%), pefloxacin (24.7.8%), ofloxacin (37.5%), and norfloxacin (46.4%) (Table 1) 

Tables 1: Antimicrobial Resistance/Susceptibility Patterns of Antimicrobial Agents against Coliforms Isolates from Liquid Herbal Remedies

	Quinolones n=56
	Resistance
	Susceptible

	Norfloxacin 
	26 (46.4) 
	30 (53.6) 

	Ofloxacin
	21 (37.5) 
	35 (62.5) 

	Pefloxacin
	20 (35.7) 
	36 (64.3) 

	Levofloxacin
	17 (30.4) 
	39 (69.6) 

	Ciprofloxacin
	14 (25.0) 
	42 (75.0) 

	Total
	98 (35.0) 
	182 (65.0) 



The Multidrug Resistance patterns indicate that out of a total of 56 strains 14 (25%) were non-MDR, while 42 (75%) were MDR; of the 42 MDR strains, 20 (47.6%) were found to be extensively multidrug resistant, 1(2.6%) was pan-drug resistant, while the remaining 21 (50%) were simply MDR. Among 47 Klebsiella pneumoniae strains, 10 (21.3%) were non-MDR, 37 (78.7%); 18 (48.6%) of the 37 MDR strains were XDR, 1 (2.7%) was PDR, while the remaining 18 (48.6%) were simply MDR. Among the 7 Enterobacter hormeachei strains, 34 (2.9%) were non-MDR, while 4 (57.1%) were MDR; the MDR strains include 2 (50%) XDR strains and simple MDR strains apiece. There were two Pantoea dispersa strains, including 1 (50%) non-MDR and 1 (50%) MDR. There were no XDR or MDR strains. (Table 2) 
Tables 2: Multidrug Resistance Profiles of Coliform Species Isolated from Liquid Herbal Remedies 

	Isolates

	n

	Non-MDR
R<3 Classes
	MDR
R≥ 3 Classes
	XDR
R≥ 6 Classes
	PDR
R15

	
	
	R
	R%
	R%
	R%
	R
	R%
	R
	R%

	Klebsiella pneumoniae 
	47
	10
	21.3
	37
	78.7
	18
	32.3
	1
	2.1

	Enterobacter hormeachei  
	7
	3
	42.9
	4
	57.1
	2
	28.6
	0
	0

	Pantoea dispersa 
	2
	1
	50
	1
	50
	0
	0
	0
	0

	Total
	56
	14
	25
	42
	75
	20
	35.7
	1
	1.8



Non-MDR: Non multidrug resistance; MDR: multidrug resistance; XDR: Extensively drug resistance PDR: Pandrug resistance; n: Number of isolates, R: resistance 

 Molecular characterization of the MDR coliforms isolated from Herbal Remedies
The results of molecular characterization of the thermotolerant coliforms are shown in Figure 1 and Plate 1. Genotypic assessment of “the obtained 16s rRNA sequence from the isolate produced an exact match during the mega blast search for highly similar sequences from the NCBI non-redundant nucleotide (nr/nt) database.  The 16S rRNA of the isolate showed a percentage similarity to other species at 100%.  The evolutionary distances computed using the Jukes-Cantor method were in concurrence with the phylogenetic placement of the 16S rRNA of the isolates within the Klebsiella, Enterobacter and Pantoa spp. revealed a closely relatedness to Klebsiella pneumoniae, Enterobacter hormaechei and Pantoa dispersa.
Occurrence of Resistant Genes among the Three Coliform Species
The detected resistant genes among Klebsiella pneumoniae, Enterobacter hormaechei and Pantoa dispersa strains are shown in Plates 2 and 3 for QnrA and QnrB, respectively. The Agarose gel electrophoresis of the 16S rRNA gene of the MDR coliforms revealed presence of QnrA genes in Pantoa dispersa and Enterobacter hormaechei but none in Klebsiella pneumoniae; QnrB was detected only in Pantoa dispersa.
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 Figure 1:  Evolutionary Distances Between the MDR Strains of  Coliforms Isolated from Liquid Herbal Remedies
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Plate 1: Agarose gel electrophoresis of the 16S rRNA gene of some selected bacterial isolates. Lanes B1-B5 represent the 16SrRNA gene bands (1500bp), lane L represents the 100bp molecular ladder.
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Plate 2: Agarose gel electrophoresis of the QnrA, Lanes 1, 3 and 4 showing the QnrA gene bands at 1000bp. Lane L represents the 100bp ladder.  
	
[image: ]
Plate 3: Agarose gel electrophoresis of QnrB gene of bacterial isolates. Lane 4 showining the QnrB gene band (460bp). Lane C represents the 100bp Molecular ladder of 1500bp.






Discussion
The degrees of antimicrobial resistance against the fluoroquinolones were relatively low, with much higher susceptibility outcomes. The results obtained here were lower than those obtained in clinical samples in Iraq with resistances of 48.4% for ciprofloxacin, levofloxacin (47.9%), ofloxacin (46.3%), and norfloxacin (44.6%) (Malekzadegan et al., 2019); in Ghana. ciprofloxacin (51.1%), norfloxacin (38.8%), and levofloxacin (35.7%) (Deku et al., 2022). The differences may be attributable to the organisms' environmental exposure; whereas the ones in this study were recovered from inanimate environments,  the others were obtained from the human microbiome associated with high antimicrobial concentrations. It may also be due to geographical and environmental differences, antibiotic usage, cultures, and associated factors. 
The most resistant species were Klebsiella pneumoniae, followed by Enterobacter hormaechei and Pantoea dispersa. This corroborates the recognized attributes of the first two organisms as ESKAPE pathogens, characterized by a high level of resistance. Pantoea dispersa, though a less common pathogen, is not to be ignored, even as it has been reported to exhibit high levels of susceptibility to many antimicrobial agents (Yang et al., 2022; Casale et al., 2023); because there is yet not enough of information regarding the unusual organism and its attributes, but has been reported to have acquired multidrug resistance. (Panditrao  & Panditrao 2018)
The MDR levels in this study were high and consistent with studies elsewhere for Klebsiella pneumoniae (Nakamura-Silva et al., 2022), Enterobacter hormaechei (Cao et al., 2022), and  Pantoea dispersa (Yang et al., 2022). While Klebsiella pneumoniae and Enterobacter hormaechei have been recognized as ESKAPE pathogens with a predilection for acquiring MDR, Pantoea dispersa is a rare pathogen that has not been extensively studied. In this study, two strains of Pantoea dispersa were phenotypically assessed for MDR; one was MDR, while the other was not, giving a prevalence of 50%, which may not be statistically reliable. While the high susceptibility of Pantoea dispersa to many antibiotics is known, and a few MDR, caution may be exercised in making statements about the multidrug resistance status.
Genotypically, the three species under study are closely related and share some attributes. Pantoea species were originally members of the genus Enterobacter, which is one of the closest relatives of Klebsiella. (Farian et al. 2025) The close kinship could be gleaned from the phylogenetic tree. While neither of the resistance genes QnrA and QnrB was found in the Klebsiella pneumoniae strains analyzed, only QnrA was detected in Enterobacter hormaechei, and both QnrA and QnrB were detected in Pantoea dispersa. 
Studies elsewhere have shown that PMQR genes are very prevalent among Klebsiella pneumoniae strains. It has been repeatedly reported that  aac(6)-Ib is the most common PMQR gene (Jomehzadeh et al., 2022; Kareem et al., 2021; Geetha et al., 2021)., Among the Qnr group of genes, QnrB has been reported as the most prevalent, in a study of Klebsiella pneumoniae strains,, while QnrA is reportedly quite rare (Kareem et al., 2021). This study aligns with these previous studies in this regard.
Conclusion
While this study has contributed to the body of knowledge on quinolone resistance in coliforms, particularly regarding the detection of QnrA and QneB, it is, however, limited by the small number of strains analyzed by molecular techniques. This is a major challenge in resource-limited countries, and efforts are required to support studies aimed at successfully overcoming the menace of antimicrobial resistance.
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