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Article 

Detection of Resistant Genes to the Quinolone 
Antibiotics in Egyptian Hospitals 
Mohammed Kassab 

Mohammed Kassab, Professor of Microbiology and Immunology, Department of Microbiology and 
Immunology, Faculty of Pharmacy, Cairo University, Egypt; Ksabmhmd676@gmail.com; Tel.: +201032579044 

Abstract: Background: Fluoroquinolone antibiotics are important bactericidal drugs that combat the bacterial 
infections globally. The emergence of bacterial resistance to this antibiotic class is an overwhelming serious 
problem in Egypt. Aim of the study: To determine  the bacterial genes responsible for the the occurrence 
resistance to fluoroquinolone antibiotics in different hospitals in Egypt. Methodology: Samples were 
withdrawn one hundred urinary tract infection (UTI) patients as well as on hundred lower respiratory infection 
(LRTI) patients in different hospitals in Egypt who were previously administrated different dosage regimens 
of fluoroquinolone antibiotics. Using antibiotic susceptibility tests along with the bacterial growth  
spectrophotometric techniques at 600 nm wavelength, the leading bacterial resistant isolates were identified. 
The major genes responsible for this pattern of resistance were determined exploiting the third generation high 
throughput sequencing technique using PacBio RS II sequencer with catalog number PacBio RS II 
manufactured in Pacific Bio-sciences company, USA. Results: The major bacterial isolates along with their 
fluoroquinolone resistant genes were detected to be Pseudomonas aeruginosa strain GPS  containing GPS 
resistant gene encoding DNA gyrase subunit B, Serratia Marcescens strain GSM containing GSM resistant gene 
encoding DNA gyrase subunit B and Streptococcus pneumonae strain TAP comprising TAP resistant gene 
encoding DNA gyrase subunit A. Conclusion: The current study resulted in the discovery of novel 
fluoroquinolone antibiotic resistant genes in different hospital in Egypt. 
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Introduction 

Antimicrobial resistance is one of the top global public health and development threat.1 It is 
estimated that bacterial resistance to the different classes of the antibiotics was directly responsible 
for 1.27 million global deaths.2 Unfortunately, with the wide spread of antibiotic use, the emergence 
of  multidrug resistant pathogens as well as reduced the efficacy of many potent antibiotics were 
witnessed.3 Further the medical care cost was greatly increased due to the overuse of antibiotics and 
treating the infections caused by the resistant bacteria.4 The worldwide problem of antibiotic 
resistance made the need for the antibiotic stewardship evident.5 Hospital associated infections 
caused by the antibiotic resistant bacteria were estimated to cost billions of dollars each year.6 

Fluoroquinolone antibiotics class are bactericidal medications.7 The mechanism of action of 
fluoroquinolone antibiotics is through the inhibition of DNA gyrase leading to the block of the 
bacterial DNA synthesis.8  This class of antibiotics shows potent activity against the infectious 
bacterial agents which cause urinary tract infections (UTIs) and lower respiratory tract infections  
inside hospitals globally.9 Non genetic basis of the bacterial resistance to fluoroquinolone antibiotics 
include that bacteria can be walled off within an abscess cavity 10 or be in a resting state (non-
growing).11  Bacteria under certain circumstances  can survive as protoblasts that are insensitive to 
the cell wall-active antibiotics.12 The presence of foreign bodies such as catheterization and artificial 
valves makes successful antibiotic treatment more difficult.13 

Genetic basis of bacterial resistance include either chromosome mediated resistance,14 

transponson mediated resistance15 or plasmid mediated resistance.16 Fluoroquinolone antibiotics 
resistance occur due to either modification of the DNA gyrase in pathogen 17or the export of the 
antibiotic from from the infectious agent through multidrug resistant pump.18 The aim of the present 
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study was to detect the genes responsible for the bacterial resistance to some  selected 
fluoroquinolone antibiotics in different hospitals in Egypt as well as the identification of the causative 
resistant organisms  using the third generation high throughput sequencing technique.  

Patients and Methods 

Ethical statement: 

Priority was given in the current study to all pertinent institutional, national, and international 
regulations dealing with the use and care of persons. All study procedures involving human 
participants have been approved by Cairo University's Ethical Committee for Human Handling 
(ECHCU), located in the Faculty of Pharmacy (permission number FKZ460/2023). The research aimed 
to reduce the pain experienced by human subjects. With informed consent, the use of human subjects 
or samples in studies was authorized. The World Medical Association's rule of ethics for human 
research, the Declaration of Helsinki, was followed in the conduct of the current investigation. 
Type of the study:  

Screening experimental research work. 
Place and date of the study:  

The study was consummated at Cairo University's pharmacy faculty in Egypt between February 
2023 and November 2024. 
Collection of the samples: 

Two hundred urine samples from adult male and female patients with urinary tract infections 
(30–56 years old, weighing approximately 70 kg) were randomly collected in sterile urine bags. 
Additionally, 200 nasal respiratory swabs from patients infected with lower respiratory tract 
infections (18–52 years old, weighing approximately 70 kg) were randomly collected from hospitals 
in various locations in Egypt (Menia, Sohag, Cairo, Sharkia, and Behira). Before being processed, the 
obtained samples were kept in sterile containers at 4 ̊°C. 
Source of materials: 

All chemicals were purchased from Algomhuria chemical company, Egypt. All chemical 
reagents used in the present study were of analytical grade. 
Equipment: 

Table 1. List of instruments. 

Instrument Model and manufacturer 

Autoclaves Tomy, japan 

Aerobic incubator Sanyo, Japan 

Digital balance  Mettler Toledo, Switzerland 

Oven  Binder, Germany 

Deep freezer -80 ̊C Artikel, USA 

Refrigerator 5 Whirlpool, UK 

PH meter electrode  Mettler-toledo, UK 

Deep freezer -20 ̊C Whirlpool, UK 

Gyrator shaker Corning gyrator shaker, Japan 

190-1100 nm Ultraviolet-visible 

spectrophotometer 

UV1600PC, China 

Light( optical) microscope Amscope 120X-1200X, China 
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Detection of  the pathogen causing UTIs and LRTIs from specimen collected from different 

hospitals in Egypt: 

This was performed using the culture on nutrient agar plate19 at 37 ̊C, pH 7.4 and incubation for 24 

hours. Afterwards, subculturing on blood agar,20 Cetrimide agar21 and Mackonkey agar22 plates was 

done at pH 7.3, 35 ̊C and incubation lasted 18 hours. Finally the primary identification of the causative 

agents was achieved using Gram staining as well as biochemical reactions. 

Detection of Quinolone antibiotic susceptibility: 

This was performed using turbidimetric assay at 600 nm wavelength. The results were confirmed 

using minimum inhibitory concentration (MIC) quinolone broth dilution technique. Ticoplanin 

glycopeptide was used as a standard antibiotic in both experiments. 

The turbidimetric assay procedure: 

One hundred ml cultures of resistant bacterial isolates were maintained in slants of tryptamine-soy 

broth, then were incubated  at 35 ̊C for 18-24 hours. A series of 5 ml volume test tubes containing 

different concentrations of the test antibiotics ofloxacin and ciprofloxacin ( 10, 20, 30, 50,70, 85, 100 

µg/ml) in a nutrient broth liquid mixture inoculated with 1 ml volume of 100 cfu/ml of the test 

infectious agents were prepared. Incubation of the test tubes containing the mixture at 37 ̊C for 8 

hours was followed later. The growth of infectious agents inside the test tubes was noticed through 

the detection of visible turbidity using  

UV spectrophotometer at 600 nm wavelength.23 

Quinolone MIC broth dilution technique procedure: 

A stock solution of nutrient broth containing 1 g buffalo tissue digest blended with 3.5 g beef extract 

in 500 ml distilled deionized water was prepared aseptically in 1 liter volumetric flask. This was 

followed by dispensing a series of  10 ml volume test tubes with the previous prepared stock 

solution where each test tube contained 9mg/ml nutrient broth. 

100 cfu/ml inoculum of each infectious agent was added separately to each test tube of the previously 

prepared serious test tubes. 

Later, 1ml of different concentrations of ofloxacin and ciprofloxacin antibiotics (10, 20, 30, 40, 80, 100 

µg/ml) was added separately to each test tube containing the infectious agents along with the control 

tube. 

Afterwards, the series of the test tubes and the control tube were incubated at 37 ̊C, pH 6.9 ± 0.2 for 

18-24 hours. 

The presence of turbidity was determined visually in the test tubes then compared with that in the 

control tube to estimate the MICs and the occurrence of different the antibiotic resistance patterns.24 

Molecular detection of principal bacterial resistant isolates as well as the resistant genes to 

Fluoroquinolone antibiotics: 

This was carried out using the third generation of high throughput sequencing  PacBio technique in 

PacBio sequencer. The procedure was performed according to PacBio RS II kit with catalog number 

PacBio RS II purchased from Pacific Bio-sciences company, USA. 

Bioinformatic studies of the resistant genes: 

These were done using BLASTn and Clustal omega softwares. 

Molecular docking studies: 

These were achieved applying SWISS-DOCK software. 
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Figure 1. shows molecular docking of DNA gyrase with fluoroquinolone antibiotic generated using 
SWISS-DOCK software. Free delta energy reached approximately -7.7 Kcal/mol. 

 

Figure 2. demonstrates 3D structure of DNA gyrase B generated using SWISS-MODEL software. 
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Figure 2. demonstrates 3D structure of DNA gyrase A generated using SWISS-MODEL software. 

Biostatistics 

All cultures were conducted in triplets. Their presentation was by means and standard 
deviation. One-way analysis of variance (p value≤ 0.05) was used as means for performing statistical 
analysis. The F statistical test was used in the present study. 

 
Figure 3. It shows the determination of bacterial growth of Pseudomonas aeurognosa through 
turbidimetric assay at 600 nm. 
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Figure 4. It shows the determination of bacterial growth of Pseudomonas aeurognosa through 
turbidimetric assay at 600 nm. 

 
Figure 5. It shows the determination of bacterial growth of Serratia marcescens through turbidimetric 
assay at 600 nm. 
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Figure 6. It shows the determination of bacterial growth of Streptococcus pneumonae through 
turbidimetric assay at 600 nm. 

 
Figure 7. It shows the determination of bacterial growth of Serratia marcescens through turbidimetric 
assay at 600 nm. 
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Figure 8. It shows the determination of bacterial growth of Streptococcus pneumonae through 
turbidimetric assay at 600 nm. 

Results 

Among 200 respiratory and urinary samples collected from patients infected with lower 
respiratory tract infections and urinary tract infections, 53 participants showed microbial resistance 
to ciprofloxacin fluoroquinolone antibiotic; while only 19 candidates demonstrated bacterial 
resistance to ofloxacin antibiotic. 

Morphological characterization using Gram staining and biochemical reactions revealed that 
Pseudomonas aeuroginosa was responsible for 43 % of the bacterial resistance patterns to the test 
antibiotics; but Serratia marcescens bacterial isolates contributed to 30% of antibiotic resistance. The 
remaining of resistance  form (27%) was attributed to Streptococcus pneumonae. 

Molecular detection of the infectious bacterial isolates showed that Pseudomonas aeruginosa strain 
GPS  containing GPS resistant gene encoding DNA gyrase subunit B, Serratia Marcescens strain GSM 
containing GSM resistant gene encoding DNA gyrase subunit B and Streptococcus pneumonae strain 
TAP containing TAP resistant gene encoding DNA gyrase subunit A were the major  resistant 
bacterial isolates to fluoroquinolone antibiotics (ciprofloxacin and ofloxacin). 

Broth dilution and spectrophotometric turbidimetric techniques indicated that only 72 human 
volunteers were observed to demonstrate microbial resistance to ofloxacin and ciprofloxacin 
antibiotics. No resistance was shown to ticoplanin glycopeptide as a standard antibiotic. Minimum 
concentrations of ticoplanin standard antibiotic was less than 50 µg/ml; while for the test 
fluoroquinolone antibiotics were detected to greater than 100 µg/ml. Table 2 and 3 shows the 
sensitivity of the test antibiotics to the infectious agents.  

Molecular docking emphasized that the occurrence of a mutation in either DNA gyrase I or DNA 
gyrase II in the bacterial infectious agents was the major cause of resistance to the test fluoroquinolone 
compounds. Figure 1 shows  molecular docking of DNA gyrase with fluoroquinolone antibiotic generated 
using SWISS-DOCK software. Free delta energy reached approximately -7.7 Kcal/mol. Figure 2- demonstrates 
3D structure of DNA gyrase A generated using SWISS-MODEL software; while Figure 2 demonstrates 3D 
structure of DNA gyrase B generated using SWISS-MODEL software. 

Table 2. It shows the susceptibility of infectious agents towards ofloxacin antibiotic using the broth 
dilution technique:. 
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Serratia marcescens 107 

Streptococcus pneumonae 138 

Table 3. It shows the susceptibility of infectious agents towards ciprofloxacin antibiotic using the 
broth dilution technique:. 

Infectious agent MIC (µg/ml) 

Pseudomonas aeruginosa 151 

Serratia marcescens 145 

Streptococcus pneumonae 126 

Figures 3–8 show the determinations of bacterial growths through turbidimetric assay of the test 
antibiotics at 600 nm.  

Discussion 

The present study aimed at the detection of the bacterial isolates resistant to fluoroquinolone 
antibiotics (ciprofloxacin and ofloxacin). 

Additionally, the resistant genes responsible for the fluoroquinolone antibiotics were identified 
molecularly. 

Gram staining, morphological characterization along with the biochemical reactions and the 
third generation high throughput sequencing technique using PacBio sequencer were utilized to 
detect the potent resistant bacterial isolates to the test antibiotics. 

The major bacterial isolates along with their fluoroquinolone resistant genes were detected to be 
Pseudomonas aeruginosa strain GPS  containing GPS resistant gene encoding DNA gyrase subunit B, 
Serratia Marcescens strain GSM containing GSM resistant gene encoding DNA gyrase subunit B and 
Streptococcus pneumonae strain TAP comprising TAP resistant gene encoding DNA gyrase subunit A. 

The major resistant bacterial isolates were screened for their abilities to resist the 
fluoroquinolone antibiotics using the broth dilution technique. MICs of the test fluoroquinolone 
antibiotics (ciprofloxacin ad ofloxacin) were shown to be greater than 100 µg/ml; while for the 
ticoplanin glycopeptide standard antibiotic were less than 50 µg/ml. 

The pattern of antibiotic resistance was confirmed through the observation of turbidimetric 
spectrophotometric experimentation at 600 nm wavelength. 

Molecular docking in the present study emphasized that the occurrence of a mutation in either 
DNA gyrase I or II in the bacterial pathogens was the origin of the pattern of antibiotic resistance 
versus the the test fluoroquinolone antibiotics (ciprofloxacin and ofloxacin). In a comparison with a 
S Bhatt, S Chatterjee 2022 study , the mechanism of bacterial resistance to fluoroquinolone antibiotics 
in this previous study was shown to be multi-factorial including genetic mutation and changes in 
drug entry and efflux.25 

Abbreviations 
MIC: Minimum inhibitory concentration. 
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