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ABSTRACT

Urinary tract infections (UTIs) are one of the most common bacterial infections in
hospital and community settings requiring antimicrobial treatment. Antimicrobial
resistance (AMR) reduces the effectiveness of antimicrobial agents, leading to
difficulties in the treatment of patients with the potential of prolonging the duration of
illness and increasing mortality in patients. The misuse of antibiotics could result in
public health problems, including the high prevalence of antibiotic resistance. This
study aims: to determine the most common antimicrobial drugs resistance in regards to
bacteria in UTI patients in Buraidah Centre Hospital (BCH), Saudi Arabia; to
investigate the relationship between demographic data, bacteria, and antimicrobial
drugs resistance; to investigate the relationship between the empirical and final
treatments with regard to bacteria, antimicrobial drugs resistance, and diseases; to
explore the background knowledge of physicians regarding antimicrobial drugs
resistance in UTI patients; and, to measure the attitudes of physicians towards
antimicrobial drugs resistance in UTI patients. Our study is divided into two phases: 1)
retrospective analysis of UTI cases at BCH from August 2016 to January 2017; 2)
quantity and quality studies were conducted on the BCH’s physicians to measure their
knowledge, attitude, and practice. In Phase I, 104 (14.7%) of the 709 patients who met
the criteria for UTI diagnosis had a positive urine culture (55.8%, female and 44.2%,
male; mean [SD] age 53.3 [21.51] years) were reviewed. Forty-one (39.4%) admitted
during the winter, and 44 (42.3%) were to the Medical ward. Gram-negative bacilli
(GNB) were the most frequent bacteria, followed by E-coli. Phase Il has two
categories—quantitative and qualitative. Of the 110 participants, 103 (93.6%) returned
the questionnaires. Their attitudes did not differ across speciality or level of training.
Wide-spread antibiotic use was believed by more than 85% of the participants to be a
very important general cause of resistance, and inappropriate empirical choices were
believed by 73.8% of the participants to be a very important general cause of resistance.
About 68% of participants said that the lack of guidelines on antibiotic use is a very
important general cause of resistance. A total of 16 doctors were interviewed regarding
antibiotic choices in the case scenario of uncomplicated cystitis. A majority (50.2%) of
participants recommended ciprofloxacin as the first-mentioned antibiotic.
Fluoroquinolones were chosen as the first-line agent rather than trimethoprim-
sulfamethoxazole or nitrofurantoin, for controlling UTI symptoms. It was unknown
whether forfomycin is a familiar first-line treatment option for uncomplicated cystitis
to the participants. Urine cultures are (20.2%) obtained from hospitalised patients, even
in the absence of urinary symptoms. The appropriateness of treatment was higher in the
empirical treatment compared to the final treatment. Meanwhile, the final treatment had
more drug resistance than empirical treatment. The physicians acknowledged that
among the most significant factors of AMR is antimicrobial misuse, either by over-
prescribing or providing inappropriate drugs. By adhering to local guidelines,
continuous education, and other practical interventions, the burden of resistance can be
alleviated.



i) dada

) Claaiaall g il (85 58 4 Sl CLlgilY) ST (e 2 A gal) elllall cililel)
Jal gl Allad pe JI 3 gl ol alaall e sliall il o jSaadl 2 gund) ol abimall G g allats
o yall 5y A e 5 508l aa ¢ pall Aadlas 8 il sia ) (255 5 catil jall saliadll
alall dasall 8 JSLia ) (52750 8 4 gl laliaall JJalad) alasin) il gl Jaxasaly 3
ST aaa s a da sl el Calaal A saad) Claliaall dalie i) Jare g ) Ganali Sl
ehdiie 8 A sl Slall i pe (sl i) L gead s Laladiin) 4 s Saall cilabicadl)
Gy sl LSl A1 5 sanall L)y A8 Sl Ad sl Gy yal) ASLal) 8 53y 54
Lagd 4ileall il Dadl 5 dianall colaSladl (o 480l slay 4a lia Lual Ll 4y guall Claliaal)
Ll 48 jra (50 CLESELY il pe 5 il 5 Saall saliaall Ay ga'1 e gl 5 U i€l Gl
A gl ULl aavie GaAlll i e sal by sSaall Baliaal) A 5o da e Blay Lok
A sal) LAY e sl A s Sl Claliaall e glaal) Ay o e Luda¥) (i) e Cal3SLY
G el e Ciren 38 A gl LY VA srend ) AN Al ) s
Ailationd dul 3 ela) &85 2017 Ui ) 2016 psbed] e Akiuall G (e siall)
Aaad 5 Ao Anps ol 3o (%14.7) Baa )l 5 A0 (J5Y) pull) 3 5l aine (A £Lida3l)
g padie Jall and (IS Gl 5 4 gall CLLEIY) (adds jalee |sd i) () (aia s
Ol el el (R 533 Jlee S gl Janddl s %442 5 clas %55.8)
(%42.3) 44 5(%39.4) Ua e 41 1518 G i) o 8 ) iS Cugall il | glaf
Al 8 Tasd g8 LSl ST cailS ol pal) Al Ciluaal) | dall Sliall 815008 () e
Cda 103 (AU pusdll) AN 25 5all & il Cum A5 51 8 A€ 551 Jd il Cua A
S gt e agdl ge alias o] Auliay) i lauY) e 1ssls 51508 110 deal (1
a5 3lai e &y gal) clalimal) | ganiiad (€ liiall (10 785 (e ST ainy il (5 siane
a3l i LAl o sLlaY) (e %73 e ST iy s gliall aa age G 3y 4l G
Claliaall e glial 44lall age ale Cams a5 A 5 aall AaDle ye (AY1) Ly el
Clabiaall alasiul Jsa Gl ) dgas ade o)) 18 S Ll (0 765 (o SST Ay sl
DSk JS o Jadl g ) e Ay gaall Cilaliaall 4 glaal s age ple Cass g4 4 gl
LY e Al al el cul sa p2e Al (8 s clilinal & (o sall
sl g5 b Aal (e eLbY) A 5 Gruadl Alledll Ciliad] JuY) 245 gy A 5l
ZOkall (p CENEAY) ey s i) 8 Ay s Sadl) Clabiaall Jlaainl) 5 gua all
A Sl cliliad) dalie 4ali (e oapell Sl 23 a5 (AsY)) sl
) 9aST a8 Al jall ol & Ll g o) judad 1agd et (Ul g Lalle el 5 Saall chlaliadl)
L3y 3ok e L) e s sSaall clabimall aladiiud selul s dsaal JSY) Jal sall G (gl
Chua g (Bl Gamy g Al yue 4y 0] i ol Dl e 455080 Caia b
o N YA (e Ay gaall Calaliaall e gliall jline agh dpeal ) ALYl ¢ paniiiall 54y 50V
e Cadas Sy s AY) dglaall Ay aiisall ardedlly dgdaall dagan sl (salually
Ol 138 8 ria ga o LaS da glaal)



APPROVAL PAGE

The thesis of Sulaiman Ibrahim Alsohaim has been approved by the following:

Shazia Qasim Jamshed
Supervisor

Mohammed Imad Al-deen Mustafa Mahmud
Chairman of Supervisory Committee

Mohamed Azmi Hassali
Member

Ramadan Mohamed Elkalmi
Member

Ahmed Ibrahim Fathelrahman Elhassan
Member

Mohamad Haniki Nik Mohamed
Internal Examiner

Noorizan Abd. Aziz
External Examiner

Zaheer-Ud-Din Babar
External Examiner

Ahmed Jalal Khan Chowdhury
Chairman



DECLARATION

| hereby declare that this thesis is the result of my own investigations, except where
otherwise stated. I also declare that it has not been previously or concurrently submitted

as a whole for any other degrees at IIUM or other institutions.

Sulaiman Ibrahim Alsohaim

Signature ..o Date........ooovviiiiiiiiinnn,



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

INVESTIGATION OF THE PATTERNS OF ANTIBIOTIC USE AND
BACTERIAL RESISTANCE IN PATIENTS WITH UTI IN BURAIDAH
CENTRE HOSPITAL, SAUDI ARABIA

I declare that the copyright holders of this thesis are jointly owned by the student.

Copyright © 2020 Sulaiman Ibrahim Alsohaim and International Islamic University Malaysia. All
rights reserved.

No part of this unpublished research may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise without prior written permission of the copyright holder except
as provided below

1. Any material contained in or derived from this unpublished research may
be used by others in their writing with due acknowledgement.

2. 1IUM or its library will have the right to make and transmit copies (print
or electronic) for institutional and academic purposes.

3. The HUM library will have the right to make, store in a retrieved system
and supply copies of this unpublished research if requested by other
universities and research libraries.

By signing this form, | acknowledged that | have read and understand the UM
Intellectual Property Right and Commercialization policy.

Affirmed by Sulaiman Ibrahim Alsohaim

Signature Date

Vi




ACKNOWLEDGEMENTS

In the name of Allah, the Most Gracious and the Most Merciful. Alhamdulillah, all
praises to Allah for the strengths and His blessing in completing this thesis.

| am extremely grateful to my mother for her love, prayers, caring and sacrifices
in educating and preparing me for my future.

I would like to express my deep and sincere gratitude to my research supervisor,
Dr. Shazia Jamsheed, for giving me the opportunity to conduct this research and
providing invaluable guidance throughout the journey. Her dynamism, vision, sincerity
and motivation truly inspired me. She taught me the methodology to carry out the
research and present the research work, as clearly as possible. It was a great privilege
and honour to work and study under her guidance. | am incredibly grateful for what she
has offered me. | would also like to thank her for her friendship, empathy, and a great
sense of humour. Besides my main supervisor, | would like to thank the rest of my co-
supervisors: Prof. Mohammed Imad Mustafa, Prof. Mohammed Azmi Ahmad Hassali,
Dr. Ramadan Elkalmi, and Dr. Ahmed lbrahim Fathelrahman, for their insightful
comments and encouragement.

| would like to say thanks to the members of the Pharmaceutical Department in
BCH, especially Dr. Yousif Alosaily and Dr. Sami Alkhamis. They helped me a lot
during the data collection phase. | would also like to thank the laboratory department
staff of BCH, especially Dr. Shopy, who provided great assistance. Also, | wish to
extend my appreciation to my close brother, Dr. Abdulkader Ahmad Bawadikji, for his
assistance and support.

Last but not least, | would like to thank my family: my wife and my kids, Lamia,

Shyma, Ibrahim, Mohammed, and Saleh, for supporting me spiritually throughout the
writing of this thesis and my life in general.

vii



TABLE OF CONTENTS

A DSITACT . . ..ttt e e
ADSIFACT TN ATADIC ... . oo ettt e e

APPIoval Page. .. ..o e

D CI ATALION. cc e

COPYIIGNE Page.... .ottt e e
ACKNOWIEdZEMENTS. . ...ttt
Table Of CONENLS ... e
LiSt OF TabIES. .. .eeinee e

LISt OF FIQUIES. . ..ot e,

LISt Of ADDreVIatioNS. ..o

CHAPTER ONE: INTRODUCTION ...cccctitiuiniiiiainiieieiiiecereiecacncenns

1.1  Background of the Study.........c.oooiiiiii
1.1.1  Urinary Tract Infection...............cooeiiiiiiiiiiiiieee,

1.1.2  Antimicrobial ReSIStance. .......oovuumeeeee et

1.1.3 Physicians Knowledge and Attitudes to Antimicrobial
ReSISTANCE. ...ttt

1.2 Problem Statement.......ooveeieieeee e

1.3 Research ObjeCtiVeS. .. ..oouiuuiniitiiii i e
1.4 Research QUeStIONS. .......oouiiiit i e,
1.5 Rationale of the Study..........oooiiiiii

1.6  Significance of the Study..........cooiiiiiii i

CHAPTER TWO: LITERATURE REVIEW.....ccciciiiiiiiniiiceticnrcnnncnns
2.1 Urinary Tract Infections (UTIS)........ooveiiiiriiiiiiiieiiieie e
2.1.1 Classification of UTIS........covuiiiiiiiiiiiiiiiieeeeea,
2.1.2 Treatment of UTIS........cooiiiiiiii e,
2.2 ANtibIOtICS RESISTANCE. ... .ot
2.2.1 Inappropriate Antibiotic Prescribing.................ccoovviiiiinnnnne.
2.2.2  Global Antibiotics ResiStance.............c.ovvveiiriiniiiiieinen,
2.2.3 Antibiotics Resistance in Saudi Arabia...........ccccoceeeeieeiiinnnonn..
2.2.4 Antibiotics Prescribing Guidelines..................ccooiiiiiiiinnnn,
2.3  Knowledge and Attitude of Physician towards Antibiotics Prescribing in

L6 T
CHAPTER THREE: RESEARCH METHODOLOGY....c.cccccecvtieeennnn...
170 R 15 o 16 11 o7 5 (o) o DR
3.2 Research Design........c.oiviiiiiiii e

3.2.1 Research Setting...........oooviiiiiiiiiiii e
3.3 Data Collection ProCeAUIES. .......oiiriiii et
3.4  Phase I: Prevalence of Bacterial Resistance in UTIs..............ccoovvene.n.

341 INCluSion Criteria. ......ooue e,

3.4.2  EXClusion Criteria........uuviiieetiiiiite et
3.5  Phase Il: Knowledge and Attitude of Physicians towards Prescribing

Y AN 0o 0] A ot

351 Inclusion Criteria........ooiiiiiiiiiiie e

viii



3.5.2 Instrument Design, Validity, and Reliability, and Pilot Study......

3.5.3 Study Population and Study Site............cccceiiriiiiiiiiiiiiinn.
3.5.4 Description of Study Procedures................coooiiiiiiiiiiiiin.n.
3.6 Data ANalysis.....couiuiiiiitii i
3.7 Ethical Approval..........ccooviiiiiiii e,
CHAPTER FOUR: DATA ANALYSIS AND PRESENTATION OF
s U
A1 INtrodUCHION. ... .ot e e e
4.2 Phase L.
4.2.1 General Demographics Data...............coviiiiiiiiiiiiiiaiea
4.2.2 Evaluation of the Treatments in Infected Culture Specimen........
4.2.2.1 Evaluation of the Empirical Treatment.....................
4.2.2.1.1 Empirical Treatment with regard to
Bacteria.........ocoviiiiii
4.2.2.1.2 Empirical Treatment with regard to
Antimicrobial Drugs in Infected Culture
Specimen........ccoeviiiiiiiiiiiiiie,
4.2.2.1.3 Empirical Treatment with regard to
Diseases in Infected Culture Specimen......
4.2.2.2 Evaluation of the Final Treatment..........................
4.2.2.2.1  Final Treatment with regard to Bacteria in
Infected Culture Specimen....................
4.2.2.2.2 Final Treatment with regard to
Antimicrobial Drugs in Infected Culture
Specimen........oovvviiiiiiii i,
4.2.2.2.3 Final Treatment with regard to Diseases in
Infected Culture Specimen....................
4.3 Phase L. ..t
431 QuantitatiVe. ....oueiiii i
4.3.1.1 DemographiCs........cuiumiiiniiriiiieiiie e,
4.3.1.2 FreqUeNCY....c.uiiuiintinttat et ee et et e ieie e eeeaneaan
4.3.1.3 TendencCy.......ccovuiuiuiiniiiieiiaii e
4.3.1.4 ANOVA TESt. ..o,
4.3.1.4.1 Age Groups and Reasons Behind
Antibiotics Resistance Development.......................
4.3.1.4.2 Age Groups and Attitude........................
4.3.1.4.3 Experience Groups and Reasons Behind
Antibiotics Resistance Development.......................
4.3.1.4.4 Experience Groups and Attitude...............
4.3.1.4.5 Professions and Attitude.........................
4.3.1.4.6 Attitude among Departments....................
4.3.2 QualitatiVe .. ...,
CHAPTER FIVE: DISCUSSION ..uiiuiiieiiniiieiiiienetiaisnsesacsssssssssssnsonass
5.1 INtrodUCHON. .....uiit e
5.2 PRASE L. e
5.2.1 General Demographics Data............c.ccvviiiiiiiiiiiiiieeannn,
5.2.2 Evaluation of the Treatments in Infected Culture Specimen.........

56

56
57
57
58
64
65

66

67

68
69

71

74

74
74
74
76
83
86
86



5.2.2.1 Evaluation of the Empirical Treatment.....................
5.2.2.2 Evaluation of the Final Treatment...........................

.3 PhaSE L. oo

531
5.3.2

QUANTItALIVE. ... e
QualitatiVe. ...,

CHAPTER SIX: CONCLUSION tttiiiitttiiinetteeeseeeeessseesesssccsssscssnssen
6.1 Objectives Accomplishment..............coooiiiiiiiiiiiiiiiii e,
6.2 Limitations and Recommendations for Further Studies........................

REFERENCES. ...

APPENDIX A
APPENDIX B

APPENDIX C
APPENDIX D

DATA COLLECTION FORM.....ccoiiiiiiiiiiiei,
INVESTIGATION THE PATTERNS OF ANTIBIOTIC USE
AND BACTERIAL RESISTANCE IN PATIENTS WITH
UTI IN BURAIDAH CENTRE HOSPITAL, SAUDI
ARABIA ...



Table No.

4.1
4.2

4.3
4.4

4.5

4.6

4.7

4.8

4.9

4.10

411

4.12

4.13

4.14

4.15

4.16

LIST OF TABLES

List of bacteria types

Frequencies and percentages of general
demographics/clinical data

List of bacteria types among infected culture specimen
Frequencies and percentages of demographics/clinical data
among infected culture specimen

Antimicrobial drugs resistance percentage

Count (%) of bacteria type vs. gender

Frequencies and percentages of appropriate vs. inappropriate
empirical treatment among infected culture specimen

Count (%) of appropriate vs. inappropriate empirical
treatment among isolated gram negative bateria (GNB)
Count (%) of appropriate vs. inappropriate empirical
treatment among ciprofloxacin cases

Count (%) of appropriate vs. inappropriate empirical
treatment among liver problem

Frequencies and percentages of final treatment among
infected culture specimen

Count (%) of appropriate vs. inappropriate final treatment
among GNB isolated specimens

Count (%) of appropriate vs. inappropriate final treatment
among E-coli isolated specimens

Count (%) of appropriate vs. inappropriate final treatment
among Acinetobacter sp isolated specimens

Count (%) of appropriate vs. inappropriate final treatment
among antibiotics used (penicillin)

Count (%) of appropriate vs. inappropriate final treatment

among used antibiotics (ceftriaxone)

Xi

Page No.
57

58
60

61

62

63

65

66

66

67

69

70

70

71

72

72



4.17

4.18

4.19

4.20

4.21

4.22

4.23

4.24

4.25

4.26

4.27

4.28

4.29

4.30

4.31

4.32

4.33

Count (%) of appropriate vs. inappropriate final treatment
among used antibiotics (ceftazidime)

Count (%) of appropriate vs. inappropriate final treatment
among antibiotics used (ciprofloxacin)

Count (%) of appropriate vs. inappropriate final treatment
among antibiotics used (levofloxacin)

Count (%) of appropriate vs. inappropriate final treatment
among hypertension

Demographic

Frequency of the answers resistant organisms

Frequency of the reasons contribute to resistant development
In general, how long does it take to get results from your
microbiology department?

In a patient who is responding clinically to current antibiotic
therapy, what is your response to a culture report that
indicates the organisms isolated are resistant to that antibiotic
regime?

If the culture report shows an isolate that is sensitive to my
current antibiotics, but also to a narrower-spectrum antibiotic
In your practice, how often would you say that your empiric
coverage correlated with susceptibility reports from the
microbiology laboratory?

Prescribe gentamicin empirically for acute cystitis

Prescribe Pipracillin-tazobactam 3.375 gm IV g6h in catheter
related infections

Prescribe Trimethoprim-sulfamethoxazole 160/800 mg [DS]
PO qg12hr in pyelonephritis in pregnancy

Prescribe nitrofurantoin100 mg PO g12hr in asymptomatic
positive culture of recurrent bacteriuria

Prescribe Imipenem 0.5 gm IV g6h (max 4 gm/day)
empirically for uncomplicated pyelonephritis

Prescribe  Amoxicillin/clavulanate PO 1g ql2hr in

symptomatic cystitis in pregnancy

xii

73

73

73

74

75

77

78

79

79

80

80

80

81

81

82

82

83



4.34
4.35

4.36
4.37

4.38
4.39

4.40

441

4.42

4.43

Descriptive analysis

Descriptive analysis for the reasons for development of
antibiotic resistance

Mean and standard deviation (SD)

ANOVA test for reasons behind antibiotics resistance
development

ANOVA test for the attitudes of age groups with attitude
Practice experiment Groups and reasons behind antibiotics
resistance development

Practice experiment groups among attitude

ANOVA for clinicians’ professions among attitude

ANOVA test for pjysicians’ attitudes based on the
departments

Detalied Demographics of the Participants

Xiii

83

84
85

90
92

94
95
98

100
102



LIST OF FIGURES

Figure No. Page No.
3.1 Flow chart of the current study 46
4.1 Data analysis as a circular process (Adapted from Dey, 1993) 101

Xiv



ACSQH
AMDR
AMR
CCG
CDC
CPSG
DSS
ECDC
ESMID
GPs
HAI
HCPs
IDSAG
IDSG
IMS
KAP
KPC
MDR
NICE
oTC
RCGP
TARGET
TLRs
TNFa
UTI
UPEC
WAAW
WHO

LIST OF ABBREVIATIONS

Australian Commission on Safety and Quality in Health
Antimicrobial Drugs Resistance

Antimicrobial Resistance

Clinical Commission Group

Centers for Disease Control and Prevention

Clinical Prescribing Subgroup

Dextran Sulfate Sodium

European Centre for Disease Prevention and Control
European Society for Microbiology and Infectious Diseases
General Practitioners

Healthcare-Associated Infection

Healthcare Professionals

Infectious Diseases Society of America Guidelines
Interdepartmental Steering Group

Intercontinental Marketing Service

Knowledge, Attitudes and Practices

Klebsiella pneumoniae carbapenemase

Multi-Drug Resistant

National Institute for Health and Clinical Excellence
Over-the-Counter

Royal College of General Practitioners

Treat Antibiotics Responsibly, Guidance, Education, Tools
Toll-Like Receptors

Tumor Necrosis Factor Alpha

Urinary Tract Infection

Uropathogenic Escherichia coli

World Antibiotic Awareness Week

World Health Organization

XV



CHAPTER ONE

INTRODUCTION

11 BACKGROUND OF THE STUDY

1.1.1 Urinary Tract Infection

Although infrequently serious unless affecting the kidneys, lower urinary tract
infections (UTIs) are common. Treatment of UTIs in daily practice is largely
empirically based. The identity of the causative agents is generally predictable, and
clinical practice guidelines state that cultures are not necessary (Hooton, 2001; Hooton
& Stamm, 1997). Antimicrobial prescribing for UTIs represents 12% of overall
antimicrobial prescribing, in the fourth place after lower respiratory tract infections
(18%), sore throat (16%) and upper respiratory tract infections (14%) (I. Petersen &
Hayward, 2007). The diagnosis of UTIs is suggested by the presentation of classic
symptoms, such as frequency of urination, dysuria, and by the presence of white blood
cells and nitrates in the urine. Meanwhile, empirical therapy for UTIs is a rational and
cost-effective approach for individual treatment if used appropriately on a macro level
(DeAlleaume & Tweed, 2006). Antimicrobials are sometimes prescribed to patients
even in the absence of infection, while in some cases patients with an infection may be
prescribed an inappropriate antibiotic. Prudent and appropriate antimicrobial use should
be informed by the changing trends in antimicrobial resistance in the community (Teoh
et al., 2014). Microbiology laboratories are also responsible for collating susceptibility
data to facilitate the analysis for monitoring resistance prevalence and incidence and the

possible detection of resistance trends. They are the initial sources for identification of



emerging antimicrobial resistance (AMR) patterns (Cantdn, 2005; Reller et al., 2001).
The availability of urine samples due to the high incidence of UTIs, the importance of
adequate empirical antimicrobial therapy, standard methods for diagnosing UTIs, the
general acceptance of a consistent approach to laboratory diagnosis, and the high levels
of antimicrobial used, render UT]Is a suitable condition to study antimicrobial resistance
in the community. Additionally, UTIs are recurrent infections, which are more likely to
be associated with resistant organisms because of the exposure to antimicrobial agents
in the treatment of a previous episode (Coyle & Prince, 2009; Hooton, 2001). Culture
and susceptibility test results and antimicrobial treatment of previous episodes of UTI
may also be able to guide empirical therapy in subsequent episodes.

UTIs remains a significant health problem worldwide, constituting around 25%
of all patients. The cellular architecture of the urinary tract (UT), which is enforced with
tight epithelial barriers, is designed to oppose pathogen invasion. Additionally, the mild
antiseptic properties of urine contribute to the inhibition of microbial growth. Although
most microorganisms do not survive, a few could colonise and cause infection in the
UT (Hamilton, Tan, Miethke, & Anand, 2017). However, the urothelium is the first line
of defence against UTIs, as epithelial cells afford both a physical and an immunological
barrier to avoid infection and trigger activation of the innate immune system. Given the
variety of pathogens that can infect the UT, an understanding of the immune response
during the establishment and clearance of UTIs is important to comprehend the
mechanisms of recurrent infections, and also identify alternative treatment strategies in
light of increasing antimicrobial resistance (C.-R. Lee, Cho, Jeong, & Lee, 2013).
Interactions between the innate and adaptive immune responses to pathogens colonising
the UT have been extensively investigated. Inflammasomes are part of the innate

immune defence system and can respond rapidly to infectious insult. The assembly of



multi-protein inflammasome complex activates caspase-1, processes pro-inflammatory
cytokines interleukin IL-18, IL-1pB, IL-6, tumor necrosis factor (TNFa), and toll-like
receptors (TLRs) (particularly TLR4, TLR5, and TLR11 (in mice)), and induces
pyroptosis. These effector pathways, in turn, act at different levels to either resolve or
prevent infection or to eliminate the infectious agent itself. In certain instances,
inflammasome activation promotes tissue pathology; however, the precise functions of
inflammasomes in UTIs remain unexplored. Despite the pivotal role of inflammasomes
in fighting infection, our understanding of the effects of inflammasome assembly in
specific infections is imperfect and mainly limited to a few well-studied
microorganisms. Although UT]I is the main cause of morbidity and mortality worldwide,
the function of inflammasome signalling in UTIs has only recently been suggested
(Hamilton et al.,, 2017). The most common cause of both complicated and
uncomplicated UTlIs is uropathogenic Escherichia coli (UPEC) (Foxman, 2014,
Levison & Kaye, 2013), which is estimated to cause up to 80% of all UTIs (Flores-
Mireles, Walker, Caparon, & Hultgren, 2015). Other common infectious agents include
Enterococcus faecalis, Klebsiella spp, Staphylococcus saprophyticus, Group B
Streptococcus (GBS), Staphylococcus aureus, Pseudomonas aeruginosa, and Candida
spp (Flores-Mireles et al., 2015; Foxman, 2014).

Autophagy is an intracellular degradation system that allows the cell to recycle
cytosolic components such as proteins and damaged organelles. Previously, data have
suggested autophagy as the main mechanism for the removal of intracellular pathogens,
additional to its role in the adaptive immune response and the inflammatory process
(Anand et al., 2011; Deretic, Saitoh, & Akira, 2013; Kuballa, Nolte, Castoreno, &
Xavier, 2012; Levine, Mizushima, & Virgin, 2011; Lupfer et al., 2013). However,

autophagy activation (macroautophagy) is a multistage process that starts with the



formation of the phagophore, a membrane that elongates to a preautophagosomal
structure and finally matures into an autophagolysosome. Every stage of
autophagosome elaboration requires the concerted effort of a number of autophagy-
related proteins. Particularly, defective autophagy was shown to increase susceptibility
to bacterial infection and worsened dextran sulfate sodium (DSS)-induced acute colitis
(Anand et al., 2011; Lassen et al., 2014; Saitoh et al., 2008). Consequently, the role of
autophagy in UPEC colonisation might be specific to the pathogen and the experimental
model used. Another argument favouring the detrimental role of autophagy in UPEC
infection is supported by the apparent function of autophagy in promoting UPEC per-

sistence (Hamilton et al., 2017).

1.1.2 Antimicrobial Resistance

The use of antimicrobials combined with the improvements in nutrition, housing and
sanitation, and the introduction of widespread immunisation programmes have caused
a dramatic decline in morbidity and mortality due to previously untreatable bacterial
infections. Nowadays, the benefits of antibiotics are jeopardised by another
development: the emergence and spread of microbes that are resistant to these, once
described, “wonder drugs” (Leung, Weil, Raviglione, & Nakatani, 2011). The
emergence and spread of antimicrobial resistance (AMR) is a complex phenomenon
involving antimicrobial agents, bacterial species, resistance genes and their horizontal
and or vertical transfer, and the various mechanisms of resistance (Guardabassi &
Courvalin, 2006). Clinically, a microbial strain is defined as resistant when it survives
antimicrobial therapy. This resistance can be intrinsic due to a structural or functional
trait, which diminishes the effect of a particular drug on all members of a bacterial

species (tolerance). On the other hand, acquired resistance is a major threat to health



because it is the source of the emergence and spread of resistance in normally
susceptible bacterial populations, and consequently leads to therapeutic failures
(Guardabassi & Courvalin, 2006). Higher prevalence of AMR in pathogenic bacteria
can be primarily explained by the possible contribution of increased selective pressure
by repeated exposure to therapeutic agents. Additionally, a strong relationship between
resistance and virulence factors also likely contributes to the spread of antimicrobial
resistance among pathogenic bacteria. There are some prominent factors influencing
antibiotic usage, such as knowledge and expectations of patients and their interactions
with the prescribers, economic incentives to the prescribers, followed by regulatory
environments (D'Agata, Dupont-Rouzeyrol, Magal, Olivier, & Ruan, 2008).
Antimicrobial agents are unique therapeutic agents as they treat more than just the
individuals but also affect the pathogen population, and thereby the host population or
society (Levy & Marshall, 2004). Optimising treatment success for the individual can
lead to population level effects, which may substantially differ in magnitude or
sometimes even go in the opposite direction (Lipsitch & Samore, 2002). Antimicrobial
use affects resistance through direct individual effects and indirect population effects.
One practical result of quantifying direct, individual-level antibiotic effects is to provide
information on the short-term risk of infection with a resistant organism to a person
about to initiate antibiotic treatment. This hazard needs to be taken into account when
weighing the risks and benefits of the use of antimicrobial agents in individual patients.
The underlying processes contributing to the long-term problem involve a chain of low
probability events, such as mutation, genetic linkage or intra- and inter-species transfers
(Magee, Heginbothom, & Mason, 2005). Standard statistical analytic approaches
assume that the outcomes in different subjects are independent, but in the case of AMR,

this assumption is violated (Halloran & Struchiner, 1991). In addition, observational



studies with antimicrobial prescribing data for a population and aggregated individual
surveillance data on antimicrobial susceptibility are prone to ecological fallacy.
Understanding the mechanisms by which antimicrobial use selects for AMR in treated
patients and in the population requires methods that take into account the direct
individual effects as well as the indirect effects of population level selection. Few
studies have adequately addressed the issues of individual and group level interactions,
and until the complexities of the spread of AMR are better understood, the design of
effective interventions is rather difficult.

In recent decades, the infections caused by multidrug-resistant bacteria have
dramatically increased by roughly 70% in all parts of the world. Moreover, for several
decades AMR has been a rising threat to the effective treatment of an ever-increasing
range of infections caused by bacteria. AMR results in reduced efficiency of
antibacterial therapy, making the treatment of patients difficult or even impossible. The
effect on particularly vulnerable patients is most obvious, resulting in increased
mortality and prolonged sickness. The magnitude of the problem worldwide and the
impact of AMR on human health for the health-care sector, as well as the wider societal
impact, are still largely unknown (Exner et al., 2017; WHO, 2001). Over the last two
decades, the development of antimicrobial resistance resulting from the agricultural use
of antibiotics that could have an impact on the treatment of diseases affecting the human
population, which require antibiotic intervention has become a significant global public
health concern (Oliver, Murinda, & Jayarao, 2011; Rahimi & Nayebpour, 2012). AMR
is a complex global public health challenge, and no single or simple strategy will suffice
to fully contain the emergence and spread of infectious organisms that become resistant
to the available antimicrobial drugs. The development of AMR is a natural phenomenon

in microorganisms and is accelerated by the selective pressure exerted by the overuse



and misuse of antimicrobial agents in animals and humans. The recent lack of new
antimicrobials of the necessary scope to replace those that have become ineffective
brings added urgency to the need to protect the efficacy of existing drugs (WHO, 2014).
Antimicrobial abuse is an important cause of antibiotic resistance and is a compelling
target for attention. “Antimicrobial abuse” is an umbrella term for a wide range of
breaches including overuse, inappropriate choice, incorrect dosage, incorrect duration
of therapy, incorrect dosing intervals, and suboptimal route of delivery (Hamilton-
Miller, 1984; Ventola, 2015).

A large body of evidence from hospitals in the United Kingdom and the United
States reported that 30% to 40% of asymptomatic bacteremia cases received antibiotic
regimen. A qualitative study with junior doctors in Switzerland reported that injudicious
antibiotic use is an interplay of overdependence on biochemical parameters, distress
overthinking about unacceptable patient outcomes, perceived pressure from peers and
patients, and problems in understanding and explaining symptoms. Likewise, another
qualitative research, after in-depth interviews with hospital clinicians, found that the use
of urinary dipsticks were unreflective the misdiagnosis of UTIs (Eyer, Lang, Aujesky,

& Marschall, 2016; M. J. Lee et al., 2015).

1.1.3 Physicians Knowledge and Attitudes towards Antimicrobial Resistance

Globally, the use of antibiotics has increased by around 36% in humans between the
year 2000 and 2010 (Van Boeckel et al., 2014). Antibiotics are used in healthcare-
settings from 20% to 80% in primary care (with or without a prescription) worldwide
(Kotwani & Holloway, 2011). Half of the antibiotic provision in the community,
globally, is inappropriate and leads to the resistance of antibiotics (Gelband et al., 2015).

An inappropriate provision of antimicrobials fuels over-consumption. Furthermore,



inappropriate prescribing and dispensing can lead to misuse and overuse of
antimicrobials. For example, in the United States, an antibiotic was prescribed in 221
prescriptions per 1000 population for acute respiratory infection, but only half of these
prescriptions were appropriate treatment (Fleming-Dutra et al., 2016). More than eight
million patients visit for UTIs each year, and the Centers for Disease Control and
Prevention (CDC) reports that UT]Is contribute to 13,000 deaths yearly (Waller, Pantin,
Yenior, & Pujalte, 2018). Forms of inappropriate use include over-prescription of
antibiotics by physicians, abuse of antibiotics by patients, use of antibiotics in animals
for growth promotion, and use of antibiotics in nursing homes and long-term care
facilities (Mah & Memish, 2000). Physicians should be aware of the most common
bacteria causing UTIs and their propensity for resistance, and all physicians should seek
out their local resistance patterns by accessing the antibiograms typically created by the
local hospital (Waller et al., 2018). In hospital settings, strict infection prevention and
control can restrict the spread of resistance. Health providers must preserve
antimicrobial agents and improve their rational use. Also, health providers should
encourage and educate the patients to assure their understanding of antimicrobial
resistance issues and how to use antimicrobials appropriately (WHO, 2015a). Hospital
surveillance systems and microbiology to inform about drug therapy are keys to
improving medical treatment and feeding into resistance database (Uchil, Kohli,
KateKhaye, & Swami, 2014). Physicians appear to recommend antibiotics to members
of the public who use these communication practices as an indication of expectation
and a desire for antibiotic treatment. However, these individuals might not always
intend to communicate their pressure or expectation for antibiotic use, and
inappropriately recommending antibiotics in this scenario may result in antibiotic

resistance (Stivers, Mangione-Smith, Elliott, McDonald, & Heritage, 2003). For



countries in the Middle East, including Saudi Arabia, to obtain antibiotics is not
difficult, and they are often considered an over-the-counter drug (OTC). There are no
restrictions in using such medications, and they are easily accessible without a
prescription (Awadh, Raja, Mahdi, & Khalid, 2017; Khalil et al., 2013; Morgan, Okeke,
Laxminarayan, Perencevich, & Weisenberg, 2011). Numerous studies conducted to
explore the knowledge, attitude, and practice (KAP) of the Saudi population towards
antibiotic use in order to enhance the population general awareness; hence, reducing the
undesirable effects of antibiotic misuse (Alumran, Hou, & Hurst, 2013; Awadh et al.,
2017; Costelloe, Metcalfe, Lovering, Mant, & Hay, 2010; Nafisah et al., 2017).
Antimicrobial stewardship is an approach to promote and monitor the
appropriate use of antimicrobial (NICE, 2015). The main objectives of antimicrobial
stewardship are to achieve the most effective clinical outcome with reduced toxicity and
adverse reactions, and to reduce multidrug-resistant bacteria by improving the
awareness of the problem and helping clinicians to make smart choices with antibiotic
prescribing (Waller et al., 2018). The first line of treatment in uncomplicated cystitis
are nitrofurantoin, trimethoprim-sulfamethoxazole, and fosfomycin (Colgan &
Williams, 2011). However, improper preferences and periods of antibiotic therapy for
UTI are common problems, and providers often recommend fluoroquinolones as a first-
line agent for uncomplicated cystitis and prescribe antibiotics for longer than the
guidelines’ recommended treatment duration. Its use is one of the possibility that has
steered to the development of multidrug-resistant E-coli strain sequence type 131. In
addition, the US Food and Drug Administration (FDA) published black box warnings
for fluoroquinolones in 2016 and 2018 that fluoroquinolones should not be used for

uncomplicated UTIs in patients who have other therapeutic choices. These FDA



