
 

2019 
 

 

Phenotypic and genotypic studies 

on antimicrobial resistance of some 

urinary tract bacterial pathogens 

 

A Thesis 
 

Submitted in Partial Fulfillment of the 

Requirements for  

 

Master’s degree 

 
In Pharmaceutical Sciences 

(Microbiology and Immunology) 
 

By 

 

Ann Ayman Ibrahim Elsayed Ibrahim Elshamy 
 

Bachelor of Pharmaceutical sciences,  

Faculty of Pharmacy, Ain Shams University, 2013 

 

 



 

2019 
 

 
 

Phenotypic and genotypic studies on antimicrobial 

resistance of some urinary tract bacterial pathogens 
 

A Thesis 
 

Submitted in Partial Fulfillment of the Requirements for  
 

Master’s degree 

In Pharmaceutical Sciences 

(Microbiology and Immunology) 
 

By 
 

Ann Ayman Ibrahim Elsayed Ibrahim Elshamy 

Bachelor of Pharmaceutical sciences, 

Faculty of Pharmacy, Ain Shams University, 2013 

 

Under Supervision of 
 

Dr. Nadia Abdel-Halim Hassouna, PhD 

Professor of Microbiology and Immunology, 

Faculty of Pharmacy – Ain Shams University 

 

Dr. Mahmoud Abdul-Magead Yassien, PhD 

Professor of Microbiology and Immunology, 

Vice Dean for Education and Student Affairs, 

Faculty of Pharmacy – Ain Shams University 

 

Dr. Khaled Mohamed Anwar Aboshanab, PhD 

Professor of Microbiology and Immunology, 

Vice Dean for Postgraduate Affairs and Scientific Research, 

 Faculty of Pharmacy – Ain Shams University



 

 

Acknowledgement 

Praise be to Allah, Lord of all creation, for granting me the 

power to accomplish this work. 

  I would like to express my deepest thanks to Prof. Dr. 

Nadia Abdel-Halim Hassouna, Professor of Microbiology and 

Immunology, and founder of the Microbiology and Immunology 

Department, Faculty of Pharmacy, Ain Shams University, for her 

constant support and valuable scientific supervision throughout the 

work. 

    I am greatly indebted to Prof. Dr. Mahmoud Abdul-

Magead Yassien, Professor of Microbiology and Immunology, 

and Vice Dean for Education and Student Affairs, Faculty of 

Pharmacy, Ain Shams University, for providing continuous 

scientific supervision, kindly supplying laboratory facilities and 

standard bacterial strains whenever needed, and for his constructive 

criticism throughout this study. I am also very grateful for his help 

with scientific posters of this work, and his kind and in-depth 

revision of the thesis. 

    I am extremely grateful to Prof. Dr. Khaled Mohamed 

Anwar Aboshanab, Professor of Microbiology and Immunology, 

and Vice Dean for Postgraduate Affairs and Scientific Research, 

Faculty of Pharmacy, Ain Shams University, for suggesting the 

point, his utmost support, follow up and scientific guidance 

throughout the work, particularly the genetics part of this study. I 

also thank him for his guidance throughout the publication process, 

and his kind and in-depth revision of the thesis. 



 

 

I am grateful to Dr. Samira M. Hamed, Lecturer of 

Microbiology and Immunology, Faculty of Pharmacy, October 

University for Modern Sciences and Arts, who has kindly provided 

some of the primers used in this work. 

   I am also thankful to my dear colleagues and to all the 

workers at the Microbiology and Immunology Department, 

Faculty of Pharmacy, Ain Shams University for their help and 

support during this work. 

Last but not least, I would like to express my deepest 

gratitude to my beloved family and friends for their never-ending 

support, encouragement and sincere help throughout my whole life.   

 والحمد لله كما ينبغي لجلال وجهه وعظيم سلطانه.

Ann Ayman Elshamy 



Table of Contents 

MSc Thesis 2019                                                         P a g e  | I 

Table of Contents 

Table of Contents ................................................................................ I 

List of Abbreviations ..................................................................... VII 

List of Figures ............................................................................... XIII 

List of Tables ................................................................................ XVII 

Abstract .............................................................................................. 1 

Introduction ....................................................................................... 4 

Literature Review .............................................................................. 6 

1. Urinary tract infections ................................................................ 6 

1.1 Etiology ............................................................................. 7 

1.2 Epidemiology .................................................................... 8 

1.3 Clinical presentation .......................................................... 9 

1.4 Diagnosis ........................................................................... 9 

1.5 Treatment ........................................................................ 10 

2. Some antimicrobials used for treatment of urinary tract  

infections ........................................................................................ 12 

2.1 β-lactams ......................................................................... 13 

2.2 Aminoglycosides ............................................................. 19 

2.3 Tetracyclines ................................................................... 20 

2.4 Fluoroquinolones ............................................................. 21 

2.5 Sulfonamides and trimethoprim ...................................... 23 

2.6 Glycopeptides .................................................................. 24 

2.7 Macrolides ....................................................................... 26 

2.8 Lincosamides ................................................................... 27 

3. Resistance to antimicrobial agents ............................................. 28 

3.1 Resistance to β-lactams ................................................... 30 

3.2 Resistance to aminoglycosides ........................................ 35 



Table of Contents 

MSc Thesis 2019                                                         P a g e  | II 

3.3 Resistance to tetracyclines .............................................. 38 

3.4 Resistance to fluoroquinolones ....................................... 40 

3.5 Resistance to sulfonamides and trimethoprim ................ 43 

3.6 Resistance to glycopeptides ............................................ 44 

3.7 Resistance to macrolides ................................................. 45 

3.8 Resistance to lincosamides .............................................. 48 

Materials and Methods ................................................................... 51 

Materials ........................................................................................ 51 

1. Microorganisms ...................................................................... 51 

1.1 Clinical bacterial isolates ................................................ 51 

1.2 Standard bacterial strains ................................................ 51 

2. Chemicals ............................................................................... 52 

3. Antimicrobial agents .................................................................. 54 

4. Antimicrobial susceptibility disks ............................................. 55 

5. Culture media ............................................................................. 56 

5.1 Ready-to-use culture media ............................................. 56 

5.2 In-house formulated culture media ................................. 56 

5.3 Media used for transformation ........................................ 58 

5.4 Media used for biochemical tests .................................... 58 

6. Buffers and Solutions ................................................................. 59 

6.1 For antimicrobial susceptibility testing ........................... 59 

6.2 For agarose gel electrophoresis ....................................... 59 

6.3 For Polymerase chain reaction (PCR) ............................. 60 

6.4 For preparation of competent E. coli DH5α .................... 61 

7. Primers ....................................................................................... 61 

8. Kits ............................................................................................. 63 

9. Computer programs ................................................................... 63 

Methods ......................................................................................... 64 

10. Collection and purification of the clinical isolates .................. 64 



Table of Contents 

MSc Thesis 2019                                                         P a g e  | III 

11. Preliminary identification of the collected clinical isolates ..... 64 

11.1 Microscopic examination ................................................ 64 

11.2 Growth on culture media ................................................. 64 

11.3 Biochemical reactions ..................................................... 66 

12. Preservation of the collected isolates ....................................... 67 

13. Antimicrobial susceptibility testing ......................................... 68 

13.1 Inoculum preparation ...................................................... 68 

13.2 Inoculation of Mueller-Hinton agar plates ...................... 68 

13.3 Application of antimicrobial disks to inoculated plates .. 69 

13.4 Reading the plates and interpreting the results ............... 69 

13.5 Confirming the identification of MDR isolates .............. 70 

14. Determination of the minimum inhibitory concentrations of 

antimicrobial agents against MDR isolates ................................... 70 

14.1 Preparation of antimicrobial agent stock solutions ......... 70 

14.2 Preparation of micro dilutions of the test antimicrobial 

agent …………………………………………………………..71 

14.3 Inoculum preparation and inoculation of microtitre trays 71 

14.4 Reading the plates and interpreting the results ............... 72 

15. Phenotypic detection of ESBL-producing Enterobacteriaceae72 

15.1 Initial screening test ........................................................ 72 

15.2 Phenotypic confirmatory test .......................................... 73 

16. Phenotypic detection of carbapenemase producers ................. 73 

17. Plasmid extraction from MDR isolates .................................... 74 

17.1 Preparation of ampicillin stock solution ......................... 74 

17.2 Preparation of LB/ampicillin agar and broth media ........ 75 

17.3 Preparation of isolates for plasmid extraction ................. 75 

17.4 Plasmid extraction ........................................................... 75 

17.5 Detection of plasmids by agarose gel electrophoresis .... 75 

18. Amplification of some resistance genes by PCR ..................... 76 



Table of Contents 

MSc Thesis 2019                                                         P a g e  | IV 

18.1 Reconstitution of primers ................................................ 77 

18.2 PCR reactions .................................................................. 77 

18.3 Detection of amplified products ...................................... 80 

19. Genetic transfer of the extracted plasmids into E. coli DH5α . 81 

19.1 Preparation of E. coli DH5α competent cells .................. 81 

19.2 Transformation of E. coli DH5α with extracted     

plasmids………………………………………………………..81 

19.3 Selection of transformants ............................................... 82 

20. Sequencing of some selected PCR products ............................ 82 

21. The role of quinolone efflux pumps ........................................ 83 

21.1 Preparation of CCCP stock solutions .............................. 83 

21.2 Determination of MIC of CCCP with the tested isolates 84 

21.3 Determination of MIC of ciprofloxacin in the presence of 

CCCP …………………………………………………………..84 

22. Statistical analysis .................................................................... 85 

Results ............................................................................................... 86 

1. Collection and preliminary identification of the collected 

clinical bacterial isolates ................................................................ 86 

1.1 Isolation of the collected isolates .................................... 86 

1.2 Preliminary identification of the collected isolates ......... 86 

2. Antimicrobial susceptibility testing ........................................... 88 

2.1 Overall results of all tested isolates ................................. 88 

2.2 Prevalence of resistance among Gram-positive bacterial 

isolates ........................................................................................ 88 

2.3 Prevalence of resistance among Gram-negative bacterial 

isolates ........................................................................................ 94 

3. Identification of MDR isolates .................................................. 96 

4. Antibiogram analysis of the MDR isolates ................................ 99 

4.1 Antibiogram analysis of the MDR Gram-positive    

isolates...………………………………………………………..99 



Table of Contents 

MSc Thesis 2019                                                         P a g e  | V 

4.2 Antibiogram analysis of the MDR Gram-negative   

isolates .. ………………………………………………………101 

5. MIC results of antimicrobial agents against MDR isolates ..... 109 

5.1 MIC results of antimicrobial agents against Gram-positive 

MDR isolates ............................................................................ 109 

5.2 MIC results of antimicrobial agents against Gram-negative 

MDR isolates ............................................................................ 111 

6. Phenotypic detection of ESBL-producing Enterobacteriaceae115 

7. Phenotypic detection of carbapenemase producers ................. 117 

8. Plasmid detection in MDR isolates .......................................... 119 

9. Screening the plasmid extracts of tested MDR isolates for 

selected resistance genes .............................................................. 121 

9.1 Multiplex A ................................................................... 123 

9.2 Multiplex B ................................................................... 124 

9.3 Multiplex C ................................................................... 125 

9.4 Amplification of qepA gene .......................................... 126 

9.5 Amplification of oqxA gene .......................................... 127 

9.6 Amplification of oqxB gene .......................................... 128 

9.7 Amplification of carbapenem resistance genes ............. 129 

10. Transformation of plasmids extracted from MDR isolates ... 130 

10.1 Transformation of plasmids harboring ESBL coding  

genes …………………………………………………………130 

10.2 Transformation of plasmids harboring aminoglycoside 

resistance genes ........................................................................ 131 

10.3 Transformation of plasmids harboring quinolone 

resistance genes ........................................................................ 132 

10.4 Transformation of plasmids harboring carbapenem 

resistance genes ........................................................................ 133 

11. Sequence analyses of PCR amplified resistance genes ......... 135 

12. The role of quinolone efflux pumps ...................................... 147 

13. Genotypes of MDR isolates ................................................... 148 



Table of Contents 

MSc Thesis 2019                                                         P a g e  | VI 

14. Statistical analysis .................................................................. 150 

Discussion ....................................................................................... 152 

Conclusion ...................................................................................... 160 

Summary ........................................................................................ 163 

References ...................................................................................... 168 

Appendix ........................................................................................ 190 

 - 1 - ..................................................................................... الملخص العربي

 



List of Abbreviations 

MSc Thesis 2019                                                         P a g e  | VII 

List of Abbreviations 

 

AAC Aminoglycoside acetylase 

aac(6ʹ)-Ib Gene coding for aminoglycoside 6ʹ-N-acetyltransferase type Ib  

aac(6’)-Ib-cr Gene coding for aminoglycoside 6ʹ-N acetyltransferase type Ib - 

ciprofloxacin resistant variant 

ABC ATP-binding cassette transporter protein 

AMC Co-amoxiclav 

AMP Ampicillin 

AMR Antimicrobial resistance 

ANT Aminoglycoside nucleotide transferase 

APH Aminoglycoside phosphorylase 

API Analytical profile index 

ASB Asymptomatic bacteriuria 

ATCC American Type Culture Collection 

AZM Azithromycin 

blaCTX-M Gene coding for CTX-M extended spectrum β-lactamase 

blaIMP Gene coding for IMP carbapenemase 

blaKPC Gene coding for KPC carbapenemase 

blaNDM Gene coding for NDM carbapenemase 

blaOXA Gene coding for OXA carbapenemase 



List of Abbreviations 

MSc Thesis 2019                                                         P a g e  | VIII 

blaVIM Gene coding for VIM carbapenemase 

blaSHV Gene coding for SHV extended spectrum β-lactamase 

BLAST Basic Local Alignment Search Tool 

blaTEM Gene coding for TEM extended spectrum β-lactamase 

bp Base pair 

CAZ Ceftazidime 

CCCP Carbonyl cyanide m-chlorophenylhydrazone 

CDC Centers for Disease Control and Prevention 

cfu Colony forming unit 

CIP Ciprofloxacin 

CLSI Clinical and Laboratory Standards Institute 

CN Gentamicin 

CoNS Coagulase-negative staphylococci 

CTX-M CTX-M (active on CefoTaXime) extended spectrum  

β-lactamase enzyme 

DA Clindamycin 

DDST Double-disk synergy test 

DHFR Dihydrofolate reductase  

DHPS Dihydropteroate synthase  

DNA Deoxyribonucleic acid 

DO Doxycycline 

E Erythromycin 



List of Abbreviations 

MSc Thesis 2019                                                         P a g e  | IX 

ED Emergency Department 

EDTA Ethylenediaminetetraacetic acid 

EMB Eosin methylene blue 

ere Gene coding for erythromycin esterase enzyme 

Erm Erythromycin ribosome methylase enzyme 

erm Gene coding for Erm enzyme 

ESBL(s) Extended spectrum β-lactamase(s) 

FDA Food and Drug Administration 

FEP Cefepime 

FOX Cefoxitin 

GIT Gastrointestinal tract 

GNB Gram-negative bacilli 

GPC Gram-positive cocci 

HPF High power field 

IDSA Infectious Diseases Society of America  

IM Intramuscular 

IMP Imipenem resistance carbapenemase enzyme 

IPM Imipenem 

kbp Kilo base pair 

KPC Klebsiella pneumoniae carbapenemase enzyme 

LB Luria Bertani 

LEV Levofloxacin 



List of Abbreviations 

MSc Thesis 2019                                                         P a g e  | X 

MBL(s) Metallo-β-lactamase(s) 

MDR Multidrug-resistant 

MDRE Multidrug-resistant Enterobacteriaceae 

MEF Macrolide efflux pump 

mef Gene coding for MEF efflux pump 

MEM Meropenem 

MFS Major facilitator superfamily efflux pumps 

MHT Modified Hodge test 

MIC Minimum inhibitory concentration 

MLS Macrolide lincosamide streptogramins B resistance 

MRSA Methicillin-resistant Staphylococcus aureus 

MRSE Methicillin-resistant Staphylococcus epidermidis 

NDM New Delhi metallo-β-lactamase enzyme 

NSAID(s) Non-steroidal Anti-inflammatory Drug(s) 

OmpF Outer membrane protein F 

OqxA Multidrug efflux pump OqxA 

oqxA Gene coding for OqxA efflux pump 

OqxB Multidrug efflux pump OqxB 

oqxB Gene coding for OqxB efflux pump 

ORF Open reading frame 

ori Origin of replication 

otr Oxytetracycline resistance gene 



List of Abbreviations 

MSc Thesis 2019                                                         P a g e  | XI 

OXA Oxacillinase enzyme 

PABA Para-aminobenzoic acid  

PBP(s) Penicillin binding protein(s) 

PCR Polymerase chain reaction 

PMQR Plasmid-mediated quinolone resistance 

QepA Quinolone efflux pump A 

qepA Gene coding for QepA efflux pump 

Qnr Quinolone resistance protein 

qnr Gene coding for Qnr protein 

RND Resistance-nodulation-cell division superfamily efflux pump 

R.P. Resistance profile 

rpm Round per minute 

rRNA Ribosomal ribonucleic acid 

SAM Ampicillin/sulbactam 

SBL(s) Serine β-lactamase(s) 

SHV Sulfhydryl variant extended spectrum β-lactamase enzyme 

SMX Sulfamethoxazole 

SOB Super optimal broth 

SOC Super optimal broth with catabolite repression 

SXT Co-trimoxazole 

Ta Annealing temperature 

TAE Tris-acetic acid-EDTA 


