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ABSTRACT 

OF THE THESIS OF 

 

 
 

Pascal Zaher Abdel Khalek  for        Master of Biomedical Science 
                 Major: Experimental Pathology, Immunology,                                                                                     

                                                                          and Microbiology 
 
 
Title: Characterization of UTI Causing E.coli and K.pneumoniae Clinical Isolates and 

Assessing their Effect on Urinary Tract Cells  
 
 
Background: Urinary tract infections are among the most common bacterial infections 

in the world. They are highly recurrent affecting more than 150 million patients every 
year. UTIs cause a considerable burden on both the economy and health care system. 
They are caused by a group of uropathogenic organisms, where Escherichia coli 
(E.coli) is the major player in addition to Klebsiella pneumonia (K.pneumoniae) and 

other gram negative and gram positive bacteria. With the alarming rise of antimicrobial 
resistance among uropathogens, the treatment of urinary tract infections becomes 
difficult and thus the need for understanding bacterial pathogenicity in the urinary tract 
becomes essential. 

 
Aim: The purpose of this study is to characterize the genetic and molecular factors of 
the E.coli and K.pneumoniae clinical isolates isolated from UTI and non-UTI patients 
and study their effect on uroepithelium cell line.  

 
Methods: Twelve E.coli and fifteen K.pneumoniae clinical isolates were collected from 
UTI and non-UTI patients. The antimicrobial susceptibility testing was performed on 
the clinical isolates by disk diffusion and broth microdilution assays using 17 

antimicrobials from different antimicrobial families. To study the ability of the E.coli 
clinical isolates to form biofilm in vitro, biofilm formation assay was done. The effect 
of planktonic and biofilm extracts of the E.coli clinical isolates on the SV-HUC 
urothelium cell line was examined using MTT assay. Eight E.coli and seven 

K.pneumoniae clinical isolates were subjected to whole genome sequencing in order to 
search for differences at the genomic level including antimicrobial resistance genes and 
virulence factors.  
 

Results: Disk diffusion and BMDs results showed that most of the E.coli and 
K.pneumoniae clinical isolates belonged to the MDR, XDR and PDR resistance 
phenotypes.  
Ten out of the twelve E.coli clinical isolates were able to form biofilm in vitro. The 
biofilm extract of 7 out of the 10 E.coli biofilm producers had an anti-proliferative 

effect on the SV-HUC urothelium cell line. The biofilm extract of E.coli 49-448 had the 
most noticeable suppressive effect on the proliferation of SV-HUC urothelium cell line.  
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The planktonic extract of 7 out of the 12 E.coli clinical isolates showed an anti-

proliferative effect on the SV-HUC uroepithelium cell line. The planktonic extract of 
E.coli 50-452 had an important anti-proliferative effect on the SV-HUC urothelium cell 
line. 
WGS results showed that several antimicrobial resistance genes and chromosomal point 

mutations conferring resistance for all antimicrobial families were detected in both 
E.coli and K.pneumoniae clinical isolates.  
Thirteen different plasmids were detected in the 8 sequenced E.coli isolates with 8 
different sequence types. WGS results of the E.coli isolates showed 33 different 

virulence factors ranging between fimbrial proteins, iron siderophore receptors and 
toxins. 
Twelve different plasmids were detected in the 7 sequenced K.pneumoniae clinical 
isolates with only 1 known detected sequence type.  

Conclusion: Antimicrobial resistance is severely arising among uropathogens, E.coli 
and K.pneumoniae, thus resulting in a significant decrease in the efficiency of 
antimicrobials used for treatment. Biofilm production plays an essential role in 
increasing the chance of recurrent and persistent infections in UTI patients. Several 

virulence factors expressed in the E.coli isolates may be behind the anti-proliferative 
inhibitory effect of biofilm and planktonic extracts on the SV-HUC urothelium cell line.  
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CHAPTER I 

INTRODUCTION 

 
Urinary tract infections are among the most common recurrent infections 

worldwide. However, since many affected patients consider this type of infection as a 

minor one with no necessity to report it, UTI prevalence is even much higher than the 

available data [1]. Moreover, These infections are considered a leading cause of 

morbidity and health care expenditure in patients of all ages [1]. 

Urinary tract infections are more common in females than in males [2]. 

Additionally, the risk of acquiring a UTI is affected by the family medical history, 

sexual activity, age, and a history of previous UTI episodes [1]. 

UTIs can range from mild to life-threatening infections with 150 million 

reported cases annually [1]. They can be classified into uncomplicated or complicated 

UTIs [3], primary or recurrent UTIs, and community-acquired or health-associated 

UTIs. There are also many types of urinary tract infections depending on which part of 

the urinary tract is infected [4].  

Most UTIs begin with the bacteria entering the urinary tract through the urinary 

opening before ascending the urethra and finally colonizing the bladder [5]. The 

majority of UTIs are caused by a group of Escherichia coli (E. coli) referred to as 

uropathogenic E.coli (UPEC) which is responsible for 80% of all reported UTI cases 

[5]. UPECs possess a broad spectrum of virulence factors including adhesive molecules, 

iron chelators, biofilm, and capsular antigens. These factors provide UPECs with the 

ability to colonize mucosal surfaces leading to the invasion of the urinary tract [5]. UTIs 

can be further caused but to a lesser extent by K. pneumoniae which is another gram-
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negative bacteria that normally lives in the intestine. These bacteria become harmful 

when leaving the intestine to any other part of the body such as the urinary tract thus 

causing a urinary tract infection [6].  

Urinary tract infections are becoming difficult to treat due to the rapid rise of 

antimicrobial resistance among gram-negative pathogens and the high rate of recurrence 

[7]. The antibiotic abuse in medicine has resulted in this drug resistance increase among 

uropathogens and the spread of resistant bacterial strains [8]. Nonetheless, treating 

urinary tract infections is crucial as the early treatment of UTIs decreases the rate of 

morbidity and the complicated consequences. However, as more and more resistant 

strains arise, the need for understanding the mechanism of infections becomes 

increasingly important. Deciphering pathogenesis could help us explain why certain 

uropathogens are more virulent or invasive than others. This could help us in return to 

propose new medical guidelines on how to treat UTIs in a more specific manner 

especially with the decreased efficiency of the antibiotics used.  

Therefore, the purpose of this study is to characterize the antimicrobial 

susceptibility profile of E.coli and K.pneumoniae clinical isolates isolated from UTI and 

non-UTI patients and to examine their effect on the urothelium cell line.   
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CHAPTER II 

LITERATURE REVIEW 
 

 

A. Urinary tract infections  
 

1. Definition:  

 

The most familiar human bacterial infections are urinary tract infections [9]. An 

infection that affects any part of the urinary tract: kidneys, ureters, bladder, and urethra 

is known as a urinary tract infection. The upper urinary tract includes the kidneys and 

the ureters which are usually less affected by UTIs while the bladder and the urethra are 

parts of the lower urinary tract where most infections take place [10][11]. Infections of 

the urethra are known as urethritis, those of the bladder are named cystitis and a kidney 

infection is called pyelonephritis [11]. Bacteria are the main causes of urinary tract 

infections with some cases being caused by fungi or viruses [12]. 

Symptoms of UTIs include a burning sensation with urination and a non-stop 

urge to urinate even though only a small amount of urine is excreted. A cloudy, bloody, 

or strong-smelling urine is also considered a sign of urinary tract infection [10], as seen 

in figure 1.  

Urinary tract infections are classified based on the cause that stimulates the 

infection as either uncomplicated or complicated UTIs [13]. The latter occurs in case of 

pregnancy, immunosuppression, or urinary tract abnormalities [14] as they are 

persistent and not easily treated [13]. Treating a urinary tract infection, even when it is 

originally uncomplicated is crucial since an untreated UTI can expand to the upper tract 

causing severe complications such as kidney damage and renal failure, before spreading 

to the blood triggering sepsis [12].  
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Urinary tract infections can be further classified as primary or recurrent 

infections. Recurrent UTIs occur twice or more times within 6 months and three or 

more times within a year. They are typically more common in women than men [15]. 

Recurrent UTIs can be divided into relapses or reinfections. Reinfections occur due to a 

new infection; the urine will show negative bacterial growth after the treatment of the 

previous infection. However, the same organism can be noticed 2 weeks after the 

treatment or a new could be detected as the causative agent [16]. On the other hand, a 

relapse UTI results from treatment failure and is caused by the same bacterial infection 

within 2 weeks of treatment. A reinfection UTI is more common than a relapse UTI 

however it is difficult to clearly distinguish between the two types [16].    

 

Figure 1 Urinary tract infections symptoms [17] 
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2. Clinical Importance and epidemiology 

 
150 million individuals experience urinary tract infections every year, with their 

financial load surpassing 6 billion dollars in direct health expenditure [18]. These UTIs 

are also responsible for 8 to 10 million doctor visits annually [19]. In the USA for 

example, UTIs are considered as the second reason for physician visits and cost the 

health care system over 2 billion $ per year [20]. Beside, healthcare-associated UTIs 

(HAUTIs) consist the largest part of healthcare-associated infections. HAUTIs account 

for 12.95% in the U.S, 19.6% in Europe, and 24% in developing countries [21]. 

Additionally, a study done regarding urinary tract infections in Colombia showed a high 

prevalence of UTI with E.coli being the most causative agent (69%) followed by 

Enterococcus species (11%) [21].  

With respect to the Middle East and North Africa (MENA) region, and in an 

effort to study the prevalence and antimicrobial susceptibility of intra-abdominal and 

urinary tract infections by extended-spectrum beta-lactamase (ESBL) positive 

pathogens, a study was performed in 2011-2012 in two care centers in Lebanon. The 

data was then compared to that obtained from around the Middle East region. The 

report showed that that E.coli was the predominant pathogen among the collected 

isolates with K. pneumoniae in second place. Similar outcomes were obtained in the 

region. Moreover, 26% of the isolates in Lebanon were ESBL producers with 

comparable results for the Middle East isolates. Concerning the antimicrobial 

susceptibility results, the most effective drugs against ESBL and non-ESBL E.coli and 

K.pneumoniae at the level of Lebanon and the region were ertapenem, imipenem, and 

amikacin  [22] as seen in figures 2 and 3.  
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Figure 2 Antimicrobial susceptibility profile of E.coli isolates in the Middle East and 

Lebanon [22] 

 

Figure 3 Antimicrobial susceptibility profile of K. pneumoniae in Lebanon and the 

Middle East  [22].  

 

Since UTIs are known for being the second cause of death among kidney 

transplant patients, a review analyzed the prevalence of uropathogens and studied the 

change in their antimicrobial susceptibility profiles among renal transplant recipients in 

the Middle East between 2010 and 2020  [23]. Both gram-negative (E.coli and K. 
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pneumoniae) and gram-positive bacteria including enterococci and coagulase-negative 

Staphylococcus were present after renal transplantation in the patients of the region. 

And alarmingly, results showed that more than 50% of the chosen isolates causing 

urinary tract infections in kidney transplant patients were resistant to more than 50% of 

the used antibiotics. In fact, it was found that gram-negative isolates from the Middle 

East were highly resistant to fluoroquinolones, aminoglycosides, and third-generation 

cephalosporins [23]. Concerning urinary tract infections and pregnancy in women, 20% 

of pregnant women who visited Maternal and Children Hospital in Makkah, Saudi 

Arabia experienced urinary tract infections [24].  

 

3. Risk factors:  

 
UTIs are more prevalent in adults with only 1 to 2% of children develop urinary 

tract infections [19].UTIs are more common in females than in males [25] where 50% 

of all women will get infected at least once during their life with 20-30% being infected 

more than once [11].On the other hand, men rarely experience UTIs wherein every 

10000 men, only 5 to 8 below 50 acquire such infections [11]. The risk of developing a 

urinary tract infection increases with age where the rate of UTIs in women above 65 is 

double the rate of the total female population [21].  

Some common risk factors for urinary tract infections include:  

 Female Anatomy: in females, the urethra is shorter and closer to the anus, where 

E.coli bacteria are abundant, thus increasing the chance of such bacteria 

colonizing the urethra [19].On the other hand, men have longer urethra with a 

protective antimicrobial substance abundant in the prostatic fluid [26] making 

them at a lower risk of developing urinary tract infections compared to women.  
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 Sexual activity: During sexual intercourse, the bacteria can be pushed into the 

female urethra thus increasing the risk of infection [27]. Using a diaphragm may 

also lead to a urinary tract infection, as the diaphragm pushes against the 

urethra. This action will result in the inability to completely empty the bladder, 

and the small amount of urine left in the bladder facilitates bacterial growth in 

the urinary tract [25]. Spermicides may also contribute to urinary tract infections 

since good bacteria present in and around the vagina are more prone to being 

killed off by spermicides thus making space for pathogenic bacteria to cause 

infections [28]. 

 Pregnancy: A pregnant woman is more likely to develop UTIs than others 

because of the effect of her body changes on the urinary tract [11]. During 

pregnancy, the kidneys become larger and the uterus expands which compresses 

the bladder making it hard to empty all of the urine [29]. Under the high 

production of progesterone, the ureters relax and weaken as well. A decreased 

ureter and bladder tone however results in urinary stasis thus exposing the 

women to urinary tract infections and pyelonephritis [30].The lower urinary 

tract may also show a reduced ability in resisting bacteria under the effect of 

progesterone and estrogen. Furthermore, glycosuria (presence of glucose in the 

urine) developed by 70% of pregnant women enhances the survival and growth 

of bacteria [31].     

 Blockage of the urinary tract: kidney stones or a large prostate could trap urine 

in the bladder thus causing urinary tract infections [32]. 

 Menopause: With age, the vaginal tissue becomes thin with less elasticity, and 

fully emptying the bladder becomes difficult. These factors enhance the chance 
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of developing a urinary tract infection [33]. The deficiency of estrogen also 

contributes to urinary tract infections where the absence of estrogen decreases 

the growth of Lactobacillus in the vaginal epithelium, resulting in the elevation 

of the vaginal pH, and subsequently enhancing the vaginal colonization by 

Enterobacteriaceae as seen in figure 4 [34].  

 

Figure 4 The relation between estrogen and urinary tract infections [34].  

 

 Catheter: A catheter is a tube inserted through the urethra into the bladder to 

drain urine. It is a common practice in medicine as 15-25% of patients use 

catheters during their stay in the hospital. However, the use of catheters is 

dangerous as it is the cause of more than 75% of hospital-acquired urinary tract 

infections [35]. Additionally, catheter-associated urinary tract infections result in 

increased death and morbidity and are responsible for secondary bloodstream 

infections [36]. The main mechanism by which catheters promote UTIs is that 

they represent a medium that allows the formation of biofilms on their interior 

and exterior surfaces [37].  
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 Diabetes:  Diabetic patients are at a higher risk of developing a urinary tract 

infection than non-diabetic people. This may be due to high glucose levels in 

urine that stimulate bacterial growth [38]. Additionally, high glucose levels in 

the blood can cause nerve damage, which consequently decreases the ability of 

the bladder to sense the presence of urine. This leads to the urine staying long in 

the bladder and thus to an increase in the chances of bacterial infection [39].  

 Not drinking plenty of fluids (water), drinking too much alcohol and caffeine 

that irritate the bladder, poor personal hygiene, not cleaning the genital area, 

using irritant feminine products, and wearing non-cotton underwear are 

additional factors that contribute to acquiring a urinary tract infection [32]. 

 

B. Uropathogens: 
 

 Gram-negative bacteria such as E.coli, Klebsiella species, Pseudomonas 

aeruginosa, and Acinetobacter species are the common causative agents for urinary 

tract infections. Concerning gram-positive bacteria, Staphylococcus saprophyticus, 

coagulase-negative Staphylococcus, and Enterococcus species may also be behind UTIs 

but to a lesser extent[40].  

Escherichia coli is the most common cause of both complicated and 

uncomplicated UTI [36]. E.coli is responsible for 80-90% of uncomplicated urinary 

tract infections [41] ,65% of complicated UTIs [42] and 90% of the bladder infections 

(cystitis) [32]. In addition to uropathogenic Escherichia coli (UPEC), agents causing 

uncomplicated urinary tract infections include Klebsiella pneumoniae, group B 

Streptococcus (GBS), and Staphylococcus saprophyticus. While, with respect to 
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complicated UTIs, causative agents include Enterococcus species, Klebsiella 

pneumoniae, and Candida spp. as well [36]. (Fig.5) 

 

Figure 5 The prevalence of urinary tract infections causative agents [36] 

 

1. Mechanism of infection   

 

Uncomplicated UTIs occur when a uropathogen directly attaches to the bladder 

epithelium. On the contrary, a complicated UTI begins with bacterial adherence to a 

bladder stone, kidney stone, or catheter [43].  

Typically, uncomplicated urinary tract infections start with a pathogen present in 

the gut that colonizes the urethra and then migrates to the bladder (as seen in figure 6). 

With the help of fimbria (pili) and adhesion factors, the pathogen adheres to the 

superficial epithelial cells. For UPECs, adherence occurs through its binding to α3β1 

integrin and uroplakins, a protein complex that protects against urine harmful agents, 

present on the apical membrane of umbrella cells [44][45][46].                                        
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The bacteria then proceed to evade the host immune system, multiply and form 

biofilms. Later on, the microbe and through the production of toxins harm the host cell 

to receive the nutrients essential for its survival and then ascend to the kidneys. Further 

tissue damage can occur with kidney colonization.  

Conversely, complicated UTIs start with the same initial steps as that of 

uncomplicated infections however the bladder must be compromised for the microbe to 

cause an infection. This happens in the presence of a catheter where tissue damage 

triggers inflammation, which then leads to the production of fibrinogen. The latter 

creates a mesh to which the pathogens bind using fibrinogen binding proteins. And once 

they are anchored, these bacteria can then multiply and form biofilms. 
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Figure 6 Urinary Tract Infections' Pathogenesis [36]. 

 

2. Secreted toxins and virulence factors  

 

Virulence factors such as pili, lipopolysaccharides, and capsules make the bacteria 

more virulent thus strengthening its infection capacities [40].  
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a. Uropathogenic Escherichia coli 
 

i. Adhesins and pili:  

Chaperone usher pathway pili (CUP pili) are adhesive fibers gathered by the 

chaperone-usher pathway machinery and made up of pilin subunits with incomplete 

immunoglobulin-like folds that lack the typical carboxy-terminal seventh β strand 

[47][48]. E.coli possesses 38 different CUP pili operons whereby 12 different CUP pili 

can be encoded by one UPEC strain [47]. Different adhesins are present on the top of 

CUP pili that recognize receptors in the lower and upper urinary tract [49]. The two 

main types of CUP pili are the type 1 pili and pyelonephritis-associated (P) pili. Type 1 

pili hold adhesin FimH which includes an N-terminal carbohydrate-binding pocket that 

recognizes mannose in host glycoprotein receptors [46]. FimH recognizes and binds to 

uroplakins and α3β1 integrin stimulating invasion to the bladder uroepithelium  

[46][50]. The binding of type 1 pili to receptors on the uroepithelial cells allows the 

activation of Rho-family GTPases (Rac, Cdc42, and Rho A) through a signal 

transduction cascade resulting in actin rearrangement and bacterial internalization [51]. 

FimH-mediated invasion to the bladder epithelium cells activates Cdc42 which in turn 

activates tyrosine-phosphorylated FAK and PI-3Kinase. PI-3Kinase activation produces 

3, 4, 5 phosphoinositide that leads to de novo actin polymerization and activates 

consequently Rac 1. Such processes result in the synthesis of the α-actinin-vinculin 

complex necessary for the actin filament stabilization [51], as seen in figure 7.  
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Figure 7 Type-1 piliated E.coli invasion mechanism [51] 

 

Toll-like receptor 4 recognizes the production of lipopolysaccharide by UPEC 

and thus stimulates the adenylyl cyclase 3(AC3) activation and cyclic AMP production 

resulting in the exocytosis of the UPEC through the apical membrane [20]. However, 

UPEC weakens this defense expulsion mechanism by moving to the cytoplasm through 

an unknown mechanism, dividing and forming metabolically active biofilm-like 

intracellular bacterial communities (IBC), also known as bacterial factories or pods. 

[52][53]. IBCs are formed by uropathogenic Escherichia coli to defend themselves 

against antibiotics, neutrophils, and other stress types [52]. After IBC maturation, the 

bacteria will spread, occupy other cells and the IBC cycle will be repeated [52][53] 

[54]. 

IBC formation consists of four phases. During the first phase, the bacteria are 

rod-shaped, non-motile, and found as loosely organized colonies within the cytoplasm 

of superficial umbrella cells. In the second phase, rod-shaped bacteria collect and 

mature into highly organized globular shaped biomass containing more than 104 
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organisms where in order to increase the bacterial packing, bacteria switch reversibly 

from rod-shaped to cocci morphology. In the third phase, bacteria in IBC change back 

to motile rod-shaped bacteria, separate, and flow out of the cell. Finally, during the 

fourth phase, bacteria adapt the filamentous morphology and become resistant to 

neutrophils to maintain survival. Moreover, bacteria that moved out of the cells can 

reenter and form quiescent intracellular reservoirs[49] [52][55] as seen in figure 8. 

Quiescent intracellular reservoir (QIR) created by UPEC contains 4-10 non-

replicating bacteria in their dormant state that can survive for months without being 

detected. These intracellular reservoirs make the bacteria resistant to antibiotics and 

protected from neutrophil infiltration and host defenses. QIR becomes activated with 

the differentiation of underlying immature cells to umbrella cells and actin 

rearrangement thus delivering the bacteria back to the bladder lumen and causing 

recurrent urinary tract infections [50][56] [57].  

 

 



 

 24 

 

Figure 8  Process of Intracellular bacterial community formation[49]. 

 

PapG is an adhesin tipped on the P pili that recognizes globosides containing 

glycolipids found in the human kidneys [49]. Interaction of PapG with TLR4 decreases 

the expression of polymeric immunoglobulin receptor (PIGR) and consequently reduces 

the transport of immunoglobulin A through the lamina propria and epithelial cells to the 

kidney‘s lumen [58]. The inhibition of immunoglobulin A transport permits UPEC 

avoidance of the antibody immune response and ascension to the kidneys [58] as seen in 

figure 9.  
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Figure 9 Uropathogenic Escherichia coli virulence factors [36] 

 
In addition to type 1 pili and P Pili, UPEC possess also F1C, S, and Afa/Dr pili that 

are of high importance in urinary tract infections [49]. F1C pili bind to 

lactosylceramide-containing receptors in kidneys while S pili recognize α-sialyl-2,3-β-

galactoside -containing receptors in bladder and kidneys, with both pili having a role in 

ascending UTI [49]. Adhesin of Dr pili recognizes Dr blood group antigen present on 

type 4 collagen and the decay-accelerating factor (DAF) or CD55 [59], a complement 

regulatory protein present on mammalian kidney cells that protects them from 
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complement-mediated damage [60].  The Dr pili attachment stimulates the 

internalization of UPEC through a pathway involving microtubules [61].   

 

ii. Capsule:  
 

The capsule present on the UPEC surface protects it against the innate immune 

system by preventing complement activation and phagocytosis by human polymorph 

nuclear cells [49].K1 and K5 are capsule types that mimic certain components in the 

tissues thus allowing the aversion of the humoral immune response in the host [62].  

 

iii. Toxins and proteases:  
 

Since the bladder has a restricted amount of nutrients, uropathogens tend to get 

their supply of nutrients from host tissue injuries through the act of toxins and 

proteases. α-hemolysin, a toxin involved in upper UTIs such as pyelonephritis, is 

produced in high concentration by UPEC which allows pore formation in umbrella cells 

and consequently their lysis and thus the release of iron and nutrients [63][64]. 

Moreover, low concentration α-hemolysin plays an important role in neutrophils and T-

lymphocyte apoptosis [59], umbrella cells exfoliation, colonization, and bacterial spread 

from one cell to another [64][65].  

UPEC also releases cytotoxic necrotizing factor 1 (CNF1) that binds to the 

receptor named basal cell adhesion molecule (BCAM also known as LU) [66]. The 

latter enters in an endocytic vesicle and then moves to the cytoplasm where it activates 

Rho GTPases through deamination of the glutamine residue (glutamine 63 of Rho Apr 

61 Rac and Cdc42) into glutamic acid. The activation of Rho proteins renders them 

sensitive to ubiquitylation and proteasome degradation. This restricted activation and 
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low level of Rho proteins lead to actin rearrangement and increased bacterial invasion 

and internalization[67][68][69][70]. Since the members of the Rho family antagonize 

each other this means the decrease in Rho or Cdc42 due to degradation switches the 

dynamic balance in favor of Rac [67]. CNF1 activation of RAC1-GTP stimulates the 

anti-apoptotic and pro-survival pathways by inducing the survival pathway 

PI3K/Akt/IKK/NF-kB pathway and the synthesis of Bcl-2, the antiapoptotic protein. 

Bcl-2 in turn causes a modification in the mitochondrial network (elongated and 

interconnected mitochondria) and prevents cell death. UPEC utilize the host cell 

prolonged survival to thrive in a protected environment and forming reservoirs for 

recurrent infections [67] as seen in figure 10.  

Another UPEC derived factor that also has an important role in UTIs is SAT, a 

secreted autotransporter protein toxin with cytotoxic activity against bladder and kidney 

cell lines [59].  
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Figure 10 Model showing CNF1 role in preventing apoptosis [67] 
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iv. Biofilm: 
 

Biofilms are communities of microbes attached to the surface and implanted in a 

self-produced extracellular matrix composed of extracellular polymeric substances 

(EPS), pili, flagella, carbohydrate-binding proteins, and extracellular DNA [43][53]. 

Biofilms protect the bacteria from innate immune defenses, decline the efficiency of 

antimicrobials and ease the spread of plasmids thus amplifying antimicrobial resistance 

[71]. Biofilm formation consists of many steps and stages, with the introduction of the 

bacteria to the surface being the first step. During this phase, the initial attachment may 

be reversible and dynamic by which the bacteria can detach and as it experiences 

attractive and repelling forces affecting the process [72][73]. Additionally, the motility 

provided by the flagella as well as chemotaxis play an important role in facilitating the 

initial introduction [74].  

Irreversible attachment of uropathogenic E.coli depends on type 1 pili and FimH 

adhesins present on the top of the pili that bind to their mannosylated receptors [74]. 

Biofilm formation of uropathogenic E.coli is stimulated by type 1 pili, curli (adhesive 

surface fibers), antigen 43, and flagellar-mediated motility allowing interbacterial 

communications and surface attachment [75][76]. Flagellar-mediated motility is 

responsible for initiating the initial steps of adhesion between the cells and surface 

where type 1 pili will stabilize this connection [75]. Ag43 is an autotransporter protein 

displayed on the cell surface and involved in cell-to-cell binding and autoaggregation 

but not the attachment to abiotic surfaces as seen in figure 11 [77].On the other hand, 

non-motile E.coli strains and despite the absence of motility can establish cell to surface 

interactions through the presence of the outer membrane adhesin Curli [75].  
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With the secretion of the extracellular polymeric substances, the cells become 

strongly attached and immobilized on the surface where then a process of multiplication 

starts, and the motile cells changes to micro-colonies [78]. The aggregated cells later 

form clusters and mature into complicated biofilm complexes with channels for oxygen 

and nutrient transport to the cells [79].  

Based on the environmental changes, bacteria decide whether to stay in biofilms 

or disperse and go back to their planktonic lifestyle. In UPEC, a rise in extracellular 

iron stimulates biofilm dispersal [80]. Additionally, c-di-GMP is a second messenger 

that plays an important role in the shift between sessility and motility in bacteria where 

an increase in c-di-GMP induces sessility while its decrease stimulates bacterial motility 

[81].  

Catheters are one of the factors that stimulate uropathogens to produce biofilms. 

The longer the catheter stays, the higher the risk of forming a biofilm and developing a 

urinary tract infection [43]. A catheter is composed of antiadhesive silicone or latex and 

is inserted into the bladder through the urethra [82]. Biofilm formation on a catheter 

starts with the building up of a film of the components of the host’s urine such as 

proteins and electrolytes. The formed film neutralizes antiadhesive properties and 

induces the attachment of free-swimming bacteria through several interactions. 

Adhesion proceeds with cell division of adherent cells and extracellular matrix 

production then the biofilm cycle is completed with the dispersion of organisms into the 

urine [83].  
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v. Iron scavenging: 
 

Iron is an important element for many organisms because of its mandatory role 

as a cofactor for necessary enzymes [84]. In order to grow in the human bladder where 

iron is restricted, uropathogens tend to use iron chelators known as the siderophore 

system for iron scavenging. The system includes a siderophore assembly machinery 

made of a siderophore that binds to iron and a receptor that internalizes it [85].  

Four types of siderophores are expressed by UPEC: aerobactin, enterobactin, 

yersiniabactin, and salmochelin [86]. Aerobactin is rarely expressed, has greater 

Figure 11 Scheme showing the cell-cell interaction mediated by Ag43 binding 
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stability and solubility but less affinity to iron compared to enterobactin [87]. 

Furthermore, aerobactin can be recycled after the delivery of iron while enterobactin 

becomes hydrolyzed after each turn of iron transport [87]. Yersiniabactin, a mixed type 

siderophore, plays an important role in biofilm formation and protects the pathogen 

from copper stress killing by sequestering the host-derived copper [88]. Salmochelin is 

a glucosylated derivative of enterobactin that can evade the host immune system [86]. 

 

b. K. pneumoniae  

i. Adhesins and Pili : 

 K. pneumoniae is considered the second main reason for gram-negative UTI 

[89]. Similar to UPEC, K. pneumoniae expresses type 1 pilus with a homologous FimH 

adhesin to that of UPEC but with different binding specificity and poor adhesive 

properties [90]. In addition to type 1 pili, K. pneumoniae expresses other types of CUP 

pili including type 3 pili [91]. Both type 1 pili and type 3 pili play an important role in 

K. pneumoniae invasion, biofilm formation, and perseverance in both UTI and CAUTI 

[91][92][89][93]. K. pneumoniae type 1 pili mediates also the formation of intracellular 

bacterial communities [89].   

 

ii. Urease: 
 

Urease produced by K.pneumoniae utilizes urea as a nitrogen source and 

produces ammonia and carbon dioxide. Ammonia consequently causes damage to the 

tissues [94].  
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iii. Biofilm:  
 

Type 1 and 3 fimbriae play an important role in biofilm formation on catheters 

and can compensate for each other. Thus biofilm formation can be attenuated only when 

both pili are absent [95]. 

 

iv. Iron scavenging:  
 

K. pneumoniae possesses 2 siderophore systems: enterobactin and aerobactin 

[96]. Almost all Klebsiella strains produce enterobactin however aerobactin is rarely 

observed [87].   

 

v. Capsule and LPS: 

Surrounding the outer membrane of K.pneumoniae is a polysaccharide capsule 

that prevents phagocytosis [84], inhibits complement component uptake [87], and 

mediates mucosal layer adherence [97]. Another important virulence factor of 

K.pneumoniae is the lipopolysaccharide present in its outer membrane. LPS is 

composed of lipid A, core oligosaccharide, and a polysaccharide (O antigen). O antigen 

plays an important role in bacterial resistance against complement-mediated killing 

[97].    

 

3. Resistance and pathogenicity  

 
It’s important to efficiently treat UTIs since if left untreated, such infections can 

cause serious and permanent damage. 

The treatment of urinary tract infections traditionally includes improper usage of 

broad-spectrum antibiotics in which antimicrobial treatment is started before waiting for 
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the laboratories results [98]. This misuse causes the emergence and increase of 

antimicrobial resistance in uropathogenic bacteria [40]. Today, the development and 

spread of antimicrobial resistance in UTI pathogens especially gram-negative bacteria is 

rising all over the world [18]. According to a survey conducted by the European Survey 

of Antibiotic Consumption, resistant strains are accountable for the death of 25,000 

Europeans annually because of urinary tract infections complications [99].  

Of particular concern are members of the family Enterobacteriaceae, E.coli, and 

K.pneumoniae, with both having strains that harbored the plasmid coding extended-

spectrum beta-lactamase [100][101][102]. Extended-spectrum beta-lactamase produced 

by E.coli provokes high resistance rates towards broad-spectrum penicillins, 

cephalosporins (except cephamycins), and monobactams [9][103]. Usually, the plasmid 

containing the gene encoding for ESBL also carries genes that confer resistance against 

aminoglycosides and quinolones [104].  

The increase in antimicrobial resistance among UTI pathogens has limited the 

number of efficient drugs used for treatment [105]. As an example, trimethoprim-

sulfamethoxazole was previously used for the treatment of UTIs, but with the 

emergence of its resistance in uropathogens, fluoroquinolones started to be used as first-

line therapy. However, the prevalence of ciprofloxacin-resistant E.coli has been rising 

recently worldwide [106].  

A study was done to assess the susceptibility profile of Enterobacteriaceae 

causing urinary tract infections proved the efficiency of fosfomycin against multidrug-

resistant and extended-spectrum beta-lactamase-producing uropathogenic strains[41]. 

Fosfomycin is a broad-spectrum antibiotic inhibiting cell wall synthesis by prohibiting 

the initial step involving phosphoenolpyruvate synthetase in both gram-negative and 
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gram-positive bacteria including Methicillin-resistant Staphylococcus Aureus, 

Vancomycin-resistant Enterococcus, and Pseudomonas sp. [107] [108]. Fosfomycin is 

considered an optimal treatment as it is given as a single dose per day, safe during 

pregnancy, and effective against anaerobic gut flora [109]. Nitrofurantoin, on the other 

hand, is also a promising treatment option for uncomplicated urinary tract infections. A 

study performed to identify and profile the common causing microbes of UTIs in 

children in south Indian hospitals demonstrated that ESBL positive E.coli are still 

susceptible to oral Nitrofurantoin [108]. The efficiency of Fosfomycin and 

Nitrofurantoin against ESBL producing E.coli was also proved by a study done in China 

to test the susceptibility profile of clinical isolates from UTI patients [110]. Moreover, a 

study to assess the in vitro activity of Fosfomycin against E.coli isolates from the urine 

or blood of Korean patients indicated the decent antibacterial activity of Fosfomycin 

also against ciprofloxacin-resistant E.coli [106].  

Nowadays, and due to the arising antibiotic resistant strains, urinary tract 

infections are becoming difficult to treat and increasingly causing economic and health 

care burden. The importance of our study is to analyze the molecular differences 

between the uropathogenic clinical isolates which may offer us future vision on what 

causes the differences in the pathogenesis of these isolates in UTI. This reveals the path 

for new medical therapies other than the antimicrobial agents.   
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CHAPTER III 

MATERIALS AND METHODS 
 

 

A. Collection of Clinical Isolates:  
 

E.coli and K.pneumoniae clinical isolates originating from UTI and non-UTI 

patients were collected from Bakhazi hospital and the American University of Beirut 

Medical Center. E.coli ATCC 25922 was used as a control strain.  

 

B. SV-HUC-1 epithelial cell line:   
 

The SV-HUC-1 normal human uroepithelium cells were cultured and 

maintained in Dulbecco’s Modified Eagle Media (DMEM)/Nutrient Mixture F-12 

HAM (Sigma-Aldrich) supplemented with 10% heat-inactivated fetal bovine serum 

(FBS) (Sigma-Aldrich) and 1% penicillin/streptomycin (Sigma-Aldrich). Cells were 

incubated at 37ᵒC in a humidified incubator containing 5% CO2.   

   

C. Antimicrobial Susceptibility tests:  
 

To assess the antimicrobial susceptibility profiles of the clinical isolates, 

antimicrobial susceptibility testing was performed using both disk diffusion and broth 

microdilution assays. Inhibition of each isolate was defined as susceptible, intermediate, 

or resistant according to the guidelines of the Clinical and Laboratory Standards 

Institute (CLSI) [111]. 
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1. Disk Diffusion: 

 
For the disk diffusion test, Muller Hinton agar (MHA) (Neogen) plates were 

used. A few colonies of overnight bacterial culture were suspended in 2 mL Cation-

Adjusted Muller Hinton Broth (MHCAB) (BD) until the difference in optical density 

between the sterile broth and the bacterial suspension reached 0.5 McFarland. After 

that, using a sterilized cotton swab, the MHA plates were streaked in 4 different 

directions with the bacterial solution. The antibiotic discs were then added to the plates 

using a sterilized forceps. Plates were read where the diameter of the inhibition zones 

around each disc was determined after overnight incubation at 37ᵒC.  

The antibiotic discs used were cefuroxime CXM (30 µg/BD BBL TM), ceftazidime 

CAZ (30 µg/ BD BBl TM) , cefepime FEP (30 µg/oxoid), meropenem MEM, 

Ertapenem ETP ( 10 µg/BD BBl TM), Imipenem IPM (10 µg/BD BBl TM), Aztreonam 

ATM (BD BBL TM), Levofloxacin LVX (5 µg/BD BBL TM), Ciprofloxacin CIP (5 

µg/BD BBL TM), Gentamicin GM (10 µg/BD BBL TM), Amikacin AN (30µg/BD 

BBL TM), tetracycline TE (30µg/BD BBL TM), Fosfomycin FOS (50 µg/oxoid) , 

Tazocin TZP (piperacillin-tazobactam: 100µg-10µg/BD BBL TM) and Bactrim SXT ( 

sulfamethoxazole trimethoprim: 23.75 µg-1.25µg/BD BBL TM). 

 

2. Broth Microdilution: 

 
Broth microdilution was done for 2 different antibiotics (colistin and zerbaxa) 

(Sigma-Aldrich). In a 96 well-plate, 90 µL of Cation Adjusted-Muller Hinton Broth 

(MHCAB) was pipetted in each well from columns 2 till 12. In column 1, the following 

volumes of MHCAB and antibiotics were added to reach an initial concentration of 

each antibiotic as seen in table 1. 
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Table 1 Broth Microdilution experimental conditions 

 

 

Then using a multichannel pipette, two-fold serial dilution took place between 

columns 1 and 11 to have a concentration gradient ranging from 512 µg/mL to 0.5 

µg/mL for colistin and zerbaxa. Column 12 received no antibiotics where half of the 

wells were used a positive control (bacteria and broth) and the other half as negative 

control (only broth). All the wells between column 1 and 11 and the positive control 

wells of column 12 were then inoculated with 10 µL of a bacterial solution ending with 

a final volume of 100 µL in all the wells. Then the plate was placed in a shaking 

incubator at 160 rpm at 37ᵒC overnight.  

To prepare the bacterial inoculum, a few colonies of an overnight bacterial 

culture were suspended in 2 mL of MHCAB until the difference in optical density 

between the sterile broth and the bacterial suspension reached 0.5 McFarland. Further, 

0.5 mL of the bacterial suspension was then diluted in 9.5 mL of MHCAB.  

When reading the results, the negative control was checked to ensure the absence of 

contamination, and the positive control was checked to ensure that the bacterial 

suspension was successfully prepared and growth took place. Wells 1-11 were checked 

for bacterial growth, and for the last well where the growth was not observed, the 

corresponding concentration was considered as the minimal inhibitory concentration or 

MIC. Experiments were run in duplicates for each bacterial isolate.  

 

Antibiotic  MHCAB volume 
(µL) 

Antibiotic volume 
(µL) 

Initial 
concentration 

(µg/mL) 

Colisitin  159.5 20.5 512 

Zerbaxa 169.76 10.24 512 
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D. Biofilm Formation Assay: 
 

In order to assess whether E.coli clinical isolates were able to form biofilms in 

vitro, a biofilm formation assay was performed. Cultures were prepared by initially 

inoculating a single colony into 3 mL LB Broth (Acumedia-LAB M). The cultures were 

then incubated overnight at 37 ᵒC with shaking at 150 rpm. 500 µL of the overnight 

bacterial culture were transferred into 2 mL LB broth and the optical density was 

adjusted at 0.5 McFarland. The resulting bacterial solution was then 100 fold diluted in 

LB Broth and 200 µL of the dilution was added to each well of the 96 well-plate. Plates 

were then incubated at 28ᵒC without shaking for 24 hrs. Following incubation, the 

supernatant was removed and the plates were washed 3 times with 270 µL sterilized 

phosphate-buffered saline (PBS) (Lonza) to remove the remaining media and 

unattached or loosely attached cells. The plates were then air-dried for 30 minutes and 

stained with 100 µL per well of 0.1 % crystal violet (C.V) for 20 minutes. The plates 

were then washed 3 times with PBS to remove excess stain, air-dried for 30 minutes, 

and then 100 µL per well of 95% ethanol was added to each well to dissolve C.V. 

Absorbance of the samples was measured at a wavelength of 595 nm using an ELISA 

microplate reader.   

 

E. Biofilm transfer assay: 
 

In order to test the feasibility of transferring E.coli biofilm from 1 well to 

another, a biofilm transfer assay was originated. A single bacterial colony was 

inoculated in 3 mL LB Broth and incubated at 37ᵒC overnight. Then 500 µL of the 

overnight bacterial solution was added to 2 mL LB broth and the optical density was 

adjusted at 0.5 McFarland followed by 100 fold dilution. After that, 500 µL of the 
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diluted solution was transferred to 48 well-plate and incubated overnight at 28ᵒC 

without shaking. The supernatants were removed completely and the biofilms were 

washed with PBS, or some media were left over the biofilm. In both cases, the biofilm 

was later transferred from 1 well to another using a 100 µL pipette, stained with 200 µL 

C.V for 10 minutes, and then washed with 200 µL PBS. 200 µL of ethanol was then 

added. Absorbance was measured at a wavelength of 595 nm using an ELISA 

microplate reader. 

 

F. Biofilm Extracts Collection:  
 

Biofilm extracts were prepared in order to assess their effects on the SV-HUC 

cell line. A single colony of an overnight culture was inoculated into 3 mL LB Broth. 

The cultures were then incubated overnight at 37 ᵒC with shaking at 150 rpm. 500 µL of 

the overnight bacterial culture were transferred into 2 mL LB Broth and the optical 

density was adjusted at 0.5 McFarland. The resulting bacterial solution was 100 fold 

diluted in LB Broth and 250 µL of the dilution was added to each well of the 48 well-

plate. The plates were incubated overnight at 28ᵒC without shaking for 24 hrs. The 

extracts/supernatants were then collected in an autoclaved Eppendorf and centrifuged at 

5000 rpm for 10 minutes. Then a protease /phosphatase inhibitor cocktail was added to 

the supernatant before it was filtered using a 0.2 µm filter and frozen at -20ᵒC until 

further use.  

 

G. Planktonic Cells Supernatant Collection:  
 

Planktonic cells supernatants were prepared in order to assess their effects on the 

SV-HUC cell line. A full loop of bacterial colonies from an overnight grown culture 
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plate was inoculated in 10 mL LB broth and incubated overnight on a shaker incubator 

at 37ᵒC at 160 rpm. The culture was later centrifuged at 5000 rpm for 10 minutes at 4ᵒC, 

the supernatant was collected and the pellet was discarded. A protease/phosphatase 

inhibitors cocktail was added to the supernatant/extract before it was filtered with a 0.2 

µm filter. The extract was stored at -20ᵒC until it was used as a treatment for cells.  

 

H. Lowry Assay for protein quantification: 

  
Lowry assay was used for protein quantification of the planktonic and biofilm 

extracts of the bacteria. The concentrations used in the in-vitro experiments were 

determined from concentrations obtained from the Lowry assay. In a 96 well-plate, 

different concentrations of Bovine Serum Albumin (BSA) were prepared (0, 0.4, 0.8, 

1.2, 1.6, and 2 mg/mL) and used as a standard curve. 1 µL of the supernatant sample 

and 4 µL distilled water were loaded in their respective wells in duplicates. 25 µL of 

reagent A’ (a mixture of reagent A and S) was added to the wells followed by 200 µL of 

reagent B. The plate was then incubated in the dark for 15 minutes. Absorbance 

intensity was measured by a microplate ELISA reader (Multiscan EX) at 750 nm.   

 

I. MTT assay: 
 

MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) assay 

was performed for assessing the anti-proliferative and cytotoxic effects of the 

planktonic and biofilm extracts on SV-HUC-1 epithelial cells. Cells were seeded (2000 

cells/ well) in 100 µL complete DMEM F-12 Ham media and were incubated at 37ᵒC, 

5% CO2. After reaching 50% confluency, the cells were treated with either the 

planktonic cell extracts or the biofilm extracts at a concentration of 200 µg/mL. 
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Treatment was replenished at 24 and 48hrs. At each time point, media was removed and 

replaced by fresh media along with 10 µL/well of the MTT yellow dye (Sigma-

Aldrich). Nine control wells were included at each time point, 3 wells containing only 

cells (positive control), 3 wells with only media (negative control), and 3 wells with LB 

broth, media and cells (vehicle).   

The cells were incubated for 3 hours in the incubator at dark, after which 100 µL 

of solubilizing agent isopropanol was added to each well for one hour at dark. 

Absorbance intensity was measured by the microplate ELISA reader at 595 nm. 

  

J. DNA extraction: 
 

For DNA extraction, the DNA kit (QIAGEN) was used. After growing the 

bacteria in LB broth overnight in a shaking incubator at 150 rpm at 37 ᵒC, a cell pellet 

was collected by centrifugation at 5000 rpm, for 10 minutes at 4ᵒC. Further, the pellet 

was washed with 10x phosphate-buffered saline solution (PBS) and centrifuged again 

for 10 minutes at 5000 rpm at 4 ᵒC to remove debris and media residues. The 

supernatant was discarded and the collected pellet was then suspended with 10xPBS, 

transferred to autoclaved Eppendorf, and centrifuged at 5000 rpm for 10 minutes. 180 

µL Buffer ATL and 20 µL Proteinase K were added to the collected pellet and 

incubated at 56 ᵒC until completely lysed (no more than 3 hours). Vortexing the content 

every 20 minutes was essential to ensure the complete lysis of the cell. The proteinase 

will break down proteins that contaminate the DNA in addition to nucleases that might 

break down the genetic material. After incubation, 200 µL of AL buffer was added to 

the solution, which is incubated first at 70ᵒC for 10 minutes, then at 95ᵒC for 15 

minutes. The droplets on both the wall and the lid of the tube were spun down after each 
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incubation. Then the mix was centrifuged at 5000 rpm for 10 minutes at room 

temperature, the pellet containing cell debris was then discarded. The supernatant was 

transferred into a new autoclaved Eppendorf and 200 µL of 100 % ethanol was added to 

the new tube to precipitate the DNA. The tube was vortexed and the contents of the tube 

were transformed to a spin column provided by the kit, and the column was centrifuged 

at 8000 rpm for 1 min at room temperature. The column now contained the aggregated 

DNA only so the collection tube was discarded and the column was placed in another 

collection tube. The first wash was done by adding 500 µL of AW1 buffer followed by 

centrifugation at room temperature at 8000 rpm for 1 minute. The second wash was 

done by adding 500 µL of AW2 buffer followed by centrifugation at room temperature 

at 14000 rpm for 3 minutes. Following each centrifugation, the collection tube was 

discarded and replaced with a new one. An additional optional centrifugation step was 

done at 8000 rpm for 1 min followed by transferring the column into an Eppendorf tube, 

adding 30 µL of the elution buffer (AE), and incubating at room temperature for 1 min. 

Finally, the column was centrifuged at 8000 rpm for 1 min and the flow-through in the 

Eppendorf contained the extracted DNA.  

Quantification of the DNA was done using the NanoDrop spectrophotometer.  

 

K. Whole Genome Sequencing:  
 

After DNA extraction, NexteraXT libraries were prepared using the 

manufacturer’s protocols (Illumina, San Diego, CA) and sequenced on an Illumina 

MiSeq, 250 bp paired-end run. Then the assembly of the genomes was performed using 

trimmomatic then Unicycler on Galaxy (https://usegalaxy.org/). Antimicrobial 

resistance genes were acquired through ResFinder on the Center of Genomic 
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Epidemiology (CGE) (http://www.genomicepidemiology.org/) and CARD 

(https://card.mcmaster.ca/). Plasmids harbored by our isolates were determined by using 

PlasmidFinder on CGE (https://cge.cbs.dtu.dk/services/PlasmidFinder/). Virulence 

factors were identified using Virulence finder on (CGE) 

(https://cge.cbs.dtu.dk/services/VirulenceFinder/). The sequence type was determined 

using MLST (CGE) (https://cge.cbs.dtu.dk/services/MLST/).   

https://cge.cbs.dtu.dk/services/VirulenceFinder/
https://cge.cbs.dtu.dk/services/MLST/
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CHAPTER IV 

RESULTS 
 

A. Antimicrobial Susceptibility test: 

  
 In order to characterize the antimicrobial susceptibility profiles of the 12 E.coli 

and 15 K. pneumoniae clinical isolates, both disk diffusion and broth microdilution 

assays were done.  

The E.coli isolates showed resistance against the cephalosporin family of 

antibiotics with the highest percentage of resistance (91.66%) against the second-

generation cephalosporin, cefuroxime, compared to the third and fourth generation 

cephalosporins, ceftazidime ( 50%), and cefepime (58.33%) respectively (Table 2). 

Eighty three percent of the isolates were resistant to zerbaxa -ceftolozane/tazobactam 

and 91.66 % were resistant to tetracycline. Above half of the E.coli isolates were 

resistant to Tazocin TZP- piperacillin/tazobactam, aztreonam, and fluoroquinolones 

(66.66 % resistant to ciprofloxacin and 58.33 % resistant to levofloxacin). 

Approximately half of the isolates had resistance to carbapenems (imipenem showed 

the lowest percentage of resistance 50% compared to ertapenem and meropenem 

58.33%). Forty one percent of the E.coli strains were resistant to trimethoprim-

sulfamethoxazole and about a quarter (25%) of the isolates were resistant to 

aminoglycosides (gentamicin and amikacin) as well as colistin. In contrast, all of the 12 

E.coli isolates were susceptible to fosfomycin, a bactericidal antibiotic inhibiting cell 

wall synthesis in both gram-negative and gram-positive bacteria [107].   
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Table 2 Percentage of E.coli isolates resistant to antimicrobial agents  

Antibiotic  % of resistant E.coli isolates  

Cefuroxime CXM 91.66  

Ceftazidime CAZ 50 

Cefepime FEP 58.33 

Meropenem MEM 58.33 

Ertapenem ETP 58.33 

Imipenem IPM 50 

Aztreonam ATM 66.66 

Levofloxacin LVX 58.33 

Ciprofloxacin CIP 66.66 

Gentamicin GM 25 

Amikacin AN 25 

Tetracycline TGC 91.66 

Fosfomycin FOS 0 

Tazocin TZP-  

piperacillin/tazobactam 

 

66.66 

Bactrim SXT-

trimethoprim/sulfamethoxazole 

41.66 

Colisitin  25 

Zerbaxa -Ceftolozane/tazobactam 83.33 
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Table 3 Antimicrobial susceptibility profile of E.coli clinical isolates, part 1  

 

 

 

 

Antibiotics E.coli 4 – 

1136 

E.coli 22- 

1176 

E.coli 17-

1164 

E.coli 51 

1- 1239 

E.coli 51-

2-458 

E.coli 8-

1150 

Cefuroxime R R R R I R 

Ceftazidime  R R R S S R 

Cefepime  R R R R S R 

Meropenem  R R R R S R 

Ertapenem  R R R R S R 

Imipenem    R R S I S R 

Aztreonam  R R R R S S 

Levofloxacin R R R R S S 

Ciprofloxacin  R R R R S S 

Gentamicin  R R S S S R 

 Amikacin R R S S S R 

Tetracycline  I R R R I R 

Fosfomycin  S S S S S S 

Tazocin   R R R R S R 

Bactrim  S R R R S S 

colistin  S S S S S S 

zerbaxa  R R R R R R 
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Table 4 Antimicrobial susceptibility profile of E.coli clinical isolates, part 2   

Antibiotics E.coli 88-

1257  

E.coli 39-

242 

E.coli 50-

452 

E.coli 18-

1166 

E.coli 7- 

1146 

E.coli 49- 

448 

Cefuroxime R S I R R I 

Ceftazidime R S S R S S 

Cefepime  R S S R S S 

Meropenem  S S S R R S 

Ertapenem  S S S R R S 

Imipenem    S S S R R S 

Aztreonam R S S R R R 

Levofloxacin R S S R R S 

Ciprofloxacin R S I R R S 

Gentamicin S S S S S S 

 Amikacin S S S S S S 

Tetracycline R S I R R R 

Fosfomycin S S S S S S 

Tazocin    R S S R R S 

Bactrim I S S R S S 

colistin  S S S R R R 

zerbaxa  R S S R R R 

 

With respect to the 15 K. pneumoniae clinical isolates, a high percentage of the 

isolates were resistant to cephalosporins (93.33% resistant to cefuroxime and 86.66% 

resistant to ceftazidime and cefepime)(table 5). Eighty six percent of K. pneumoniae 
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clinical isolates were resistant to zerbaxa -ceftolozane/tazobactam, aztreonam, and 

tetracycline. Ninety three percent of the isolates were resistant to Tazocin TZP 

piperacillin/tazobactam. With respect to carbapenems, imipenem and ertapenem showed 

a higher percentage of resistance (80%) compared to meropenem (73.33%). Above half 

of the isolates were resistant to aminoglycosides with 60% resistant to gentamicin and 

73.33% resistant to amikacin. Seventy three percent of the isolates were resistant to 

fosfomycin and Bactrim SXT-trimethoprim/sulfamethoxazole. A low percentage of 

resistance (40%) was recorded against colistin. All K.pneumoniae isolates were resistant 

to ciprofloxacin while 80% being resistant to levofloxacin.  
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Table 5 Percentage of K. pneumoniae isolates resistant to the antimicrobial agents. 

Antibiotic  % of resistant K. pneumoniae  

Cefuroxime CXM 93.33 

Ceftazidime CAZ 86.66 

Cefepime FEP 86.66 

Meropenem MEM 73.33 

Ertapenem ETP 80 

Imipenem IPM 80 

Aztreonam ATM 86.66 

Levofloxacin LVX 80 

Ciprofloxacin CIP 100 

Gentamicin GM 60 

Amikacin AN 73.33 

Tetracycline TGC 86.66 

Fosfomycin FOS 73.33 

Tazocin TZP-  

piperacillin/tazobactam 

 

93.33 

Bactrim SXT-

trimethoprim/sulfamethoxazole 

73.33 

Colisitin  40 

Zerbaxa -Ceftolozane/tazobactam 86.66 
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Table 6 Antimicrobial susceptibility profile of K. pneumoniae isolates, part 1  

Antibiotics KLB 

82- 

444 

KLB 

83- 

456 

KLB 

43-

1265  

KLB 

79-

273 

KLB 88-

200800099 

KLB 90-

201010188 

KLB 

73-

1433 

KLB 

77-

258 

Cefuroxime S R R R R R R I 

Ceftazidime S R I R R R R S 

Cefepime S R R R R R R S 

Meropenem S S R S R R R S 

Ertapenem S I R S R R R S 

Imipenem     S S R I R R R S 

Aztreonam S R R R R R R S 

Levofloxacin S R R S R R R S 

Ciprofloxacin I R R R R R R I 

Gentamicin S S S S R R R S 

 Amikacin S S R S R R R S 

Tetracycline I R R R R R R S 

Fosfomycin S S S I I I I S 

Tazocin   S I R R R R R I 

Bactrim SXT S S S R R R R S 

colistin  S S S R S S R S 

zerbaxa  S R R R R R R S 
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Table 7 Antimicrobial susceptibility profile of K .pneumoniae isolates, part 2 

Antibiotics KLB 85-

200700046  

KLB 87-

200720127 

KLB 4-

201470056 

KLB 12-2-

202190133 

KLB 

5- 

1137 

KLB 

10- 

1149 

KLB 

49 -

1291  

Cefuroxime R R R R R R R 

Ceftazidime R R R R R R R 

Cefepime R R R R R R R 

Meropenem R R R R R R R 

Ertapenem  R R R R R R R 

Imipenem     R R R R R R R 

Aztreonam  R R R R R R R 

Levofloxaci R R R R R I R 

Ciprofloxacin R R R R R R R 

Gentamicin R R R R S R R 

 Amikacin  R R R R R R R 

Tetracycline  R R R R R S R 

Fosfomycin R R R R R I I 

Tazocin    R R R R R R R 

Bactrim  R R R R R R R 

colistin  S S S R R R R 

zerbaxa  R R R R R R R 
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B. Biofilm formation assay: 
 

In order to assess whether E.coli clinical isolates were able to form biofilms in vitro, 

a biofilm formation assay was done. Ten of the twelve E.coli isolates (83.33%) were 

able to form biofilms in vitro as compared to the positive control E.coli ATCC 25922. 

Three UTI E.coli isolates, E.coli 39-242, E.coli 50-452 and E.coli 49-448 showed a 

noticeable ability of biofilm formation in vitro. E.coli 49-448 recorded the highest 

percentage of biofilm formation (52%) followed by E.coli 50-452 (42.7%) and E.coli 

39-242 (32.4%). E.coli 51-2-458 and E.coli 7- 1146 showed the lowest percentage of 

biofilm formation with 9.5% and 7.1% respectively. In contrast, the 2 isolates E.coli 51-

1-1239 and E.coli 88-1257 were incapable of forming biofilms in vitro. (Table 8, figure 

12) 

Table 8 Percentage of biofilm formation of the 12 E.coli clinical isolates  

E.coli isolate % of biofilm Formation/PC 

E.coli 4 - 1136 27 

E.coli 22- 1176 16.8 

E.coli 17-1164 16.2 

E.coli 51 1- 1239 -13 

E.coli 51-2-458 9.5 

E.coli 8-1150 13.1 

E.coli 88-1257 -6.7 

E.coli 39-242 32.4 

E.coli 50-452 42.7 

E.coli 18-1166 19.6 

E.coli 7- 1146 7.1 
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E.coli 49- 448 52 

 

 

Figure 12 Biofilm formation in the 12 E.coli isolates 

 

C. Biofilm transfer assay:  
 

In order to study the practicability of transferring biofilm from 1 well to another 

for it to be later tested on SV-HUC-1 uroepithelial cells, the biofilm transfer assay was 

established. E.coli 1176 was used as a model organism. The E.coli 1176 biofilm was 

successfully transferred from 1 well to another when transferred while still covered with 

its media (LB broth) but not after the media was removed and the biofilm was 

immersed with PBS. This can be seen as the C.V. stain was more intense for the media-

covered transferred biofilm (figure 14), which resulted in a higher absorbance at 595 nm 

(figure 13), when compared to the PBS-immersed transferred biofilm. 
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Figure 13  Results of biofilm transfer in 48 well-plate 

 

 

Figure 14 Biofilm transfer with media/PBS in 48 well plate 

 

 

D. MTT assay: 
 

In order to assess the effect of the planktonic cells supernatants and biofilm 

extracts of the 12 E.coli clinical isolates on the proliferation of the human uroepithelium 
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cell line SV-HUC-1, MTT assay was performed. Media + cells were used as a positive 

control and LB Broth was used as a vehicle.  

The biofilm extracts of the UTI isolates E.coli 4 – 1136, E.coli 51-2-458, E.coli 

18-1166, and E.coli 49- 448 revealed an inhibitory effect on the proliferation of the SV-

HUC-1 uroepithilium cells at 48 hours. The biofilm extracts of the non-UTI isolates 

E.coli 8-1150 and E.coli 7- 1146 showed an anti-proliferative effect at 48 hours as well 

(figure 15). 

 

 

Figure 15 Effect of biofilm extracts of E.coli clinical isolates on the cell proliferation of 
SV-HUC-1 cell line at 48 hours. 

 
The biofilm extracts of the UTI isolates E.coli 4 – 1136, E.coli 51-2-458, E.coli 

18-1166, and E.coli 49- 448 resumed to have the inhibitory effect on the proliferation of 

the SV-HUC-1 cell line after 72 hours. Similarly, the inhibitory effect of the biofilm 

extract of non-UTI isolate E.coli 7- 1146 continued as well. E.coli 17-1164 and E.coli 

50-452 biofilm extracts showed a suppressive effect on the proliferation of the SV-

HUC-1 cells at 72 hours that wasn’t revealed at 48 hours (figure 16).  



 

 57 

 

Figure 16 Effect of biofilm extracts of E.coli clinical isolates on the cell proliferation of 
SV-HUC-1 cell line at 72 hours 

 
The planktonic cells supernatants of the UTI isolate E.coli 22- 1176, E.coli 50-

452, and E.coli 18-1166 revealed an inhibitory effect on the proliferation of the SV-

HUC-1 cell line at 48 hours. Similarly, the non-UTI isolates E.coli 8-1150 and E.coli 7- 

1146 showed also an inhibitory effect on the uroepithilium cells proliferation at 48 

hours (figure 17).  
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Figure 17 Effect of the planktonic extracts of E.coli clinical isolates on the cell 
proliferation of SV-HUC-1 cell line at 48 hours 

 
The inhibitory effect of the planktonic extracts of the UTI isolates E.coli 50-452 

and E.coli 18-1166 on the cell proliferation of the SV-HUC-1 cell line remained present 

at 72 hours. The planktonic extract of the non-UTI isolate E.coli 7- 1146 continued to 

have an anti-proliferative effect on the SV-HUC-1 cell line at 72 hours as well. The 

planktonic extracts of the E.coli isolates E.coli 4 -1136,  E.coli 17-1164,  E.coli 51 1- 

1239, and E.coli 88-1257 showed a suppressive effect on the proliferation of SV-HUC-

1 cell line at 72 hours that wasn’t present at 48 hours (figure 18).  
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Figure 18 Effect of planktonic extracts of E.coli clinical isolates on the cell proliferation 
of SV-HUC-1 cell line at 72 hours 

 
The biofilm extract of E.coli 49- 448 clinical isolate revealed a noticeable anti-

proliferative effect on the SV-HUC-1 cell line where the percentage of cell proliferation 

decreased from 91.475 % at 48 hours to 83.699 % at 72 hours (figure 19).  
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Figure 19 Effect of the biofilm extracts of E.coli 49-448 on the cell proliferation of SV-
HUC-1 cell line at 48 and 72 hours. 

The planktonic extract of E.coli 50-452 revealed an anti-proliferative effect on 

the SV-HUC-1 cell line at 48 hours with cell proliferation of 82.82%. This percentage 

decreased to 72.82% at 72 hours (figure 20). 
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Figure 20 Effect of the planktonic extract of E.coli 50-452 on the cell proliferation of 

SV-HUC-1 cell line at 48 and 72 hours.  

 

E. Whole Genome Sequencing:  
 

Eight E.coli isolates out of the twelve chosen E.coli clinical isolates were 

sequenced (E.coli 4 – 1136, E.coli 17-1164, E.coli 51 1- 1239, E.coli 8-1150, E.coli 39-

242, E.coli 50-452, E.coli 18-1166, E.coli 49- 448 ).  

WGS results showed that the 8 E.coli isolates belonged to different sequence 

types. E.coli 4 belonged to the sequence type 648, E.coli 51-1 to 354 sequence type, 

E.coli 8 to 2526 sequence type, E.coli 39 to 127 sequence type, E.coli 50 to 10 sequence 

type, E.coli 18 to 167 sequence type, E.coli 49 to 453 sequence type and E.coli 17 

belonged to to 405 sequence type (Table 9). 

E.coli 18 belonged to the sequence type 167 that is similar to the Metallo beta-

lactamase NDM5 producing E.coli isolated from patients that recovered at University 

Hospital Policlinico Umberto I of Rome[123]. E.coli 39 had sequence type 127 which 
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has the same sequence type as that of uropathogenic E.coli isolated from a 56-year-old 

patient with a UTI from a hospital in Australia [124]. 

 

Table 9 Sequence type of the 8 E.coli clinical isolates  

E.coli isolate  sequence type  

E.coli 4-1136 648 

E.coli 51-1-1239 354 

E.coli 8-1150 2526 

E.coli 39-242 127 

E.coli 50-452 10 

E.coli 18-1166 167 

E.coli 49-448 453 

E.coli 17-1164 405 

 

A total of 13 different plasmids were detected in the 8 E.coli isolates distributed 

as follow : Col(BS512)(n=3), IncFIA(n=3),  Col156 (n=2), IncI(Gamma) (n=2), IncFII 

(n=2), IncFII(Yp) (n=2), IncB/O/K/Z (n=1), IncFIB(H89-PhagePlasmid) (n=1), 

IncFIB(pB171) (n=1), IncFIB(AP001918)(n=1), IncFII(pAMA1167-NDM-5) (n=1), 

IncQ1 (n=1), IncY (n=1) (table 10).  
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Table 10 Plasmids harbored in the 8 E.coli clinical isolates.  

Plasmid No. of isolates (%) 

Col(BS512) 3(37.5%) 

Col156 2(25%) 

IncB/O/K/Z 1(12.5%) 

IncI(Gamma) 2(25%) 

IncFIA 3(37.5%) 

IncFIB(H89-

PhagePlasmid) 1(12.5%) 

IncFIB(pB171) 1(12.5%) 

IncFIB(AP001918) 1(12.5%) 

IncFII 2(25%) 

IncFII(Yp) 2(25%) 

IncFII(pAMA1167-

NDM-5) 1(12.5%) 

IncQ1 1(12.5%) 

IncY 2(25%) 

 

Several genes responsible for the resistance against the Beta-lactams family of 

antibiotics were detected including Haemophilus influenzae PBP3 (n=5), which confers 

resistance through antibiotic target alteration. Another set of genes giving rise to 

resistance towards this family are AcrS, AcrE, and acrB genes (n=5), which code for 

resistance-nodulation cell division (RND) antibiotic efflux pumps and Escherichia coli 

ampC1 beta-lactamase, whose end product the amp C1 beta-lactamase responsible for 
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antibiotic deactivation (n=5). The most frequent genes responsible for fluoroquinolone 

resistance included mdf(A) (n=8), emrA, emrB, and emrR genes (n=5) coding for the 

major facilitator superfamily (MFS) antibiotic efflux pumps. Furthermore, resistance to 

aminoglycosides was also due to mdf(A) (n=8)  and many antimicrobial resistance 

genes including acrD,cpxA, baeS, and baeR (n=5), which code for RND efflux pumps. 

In addition, 5 out of the 8 E.coli isolates harbored the tetracycline resistance genes 

evgA, evgS, and H-NS coding for RND and MFS efflux pumps (n=5), TolC gene (n=5) 

coding for ATP binding cassette (ABC) antibiotic efflux pumps, and tet(B) gene (n=4). 

Concerning sulfamethoxazole, 5 out of the 8 E.coli isolates harbored the sul1 gene 

responsible for antibiotic target alteration. Many genes were also responsible for peptide 

antibiotic resistance including the PmrF gene (n=5) which codes for the pmr 

phosphoethanolamine transferase that alters the antibiotic target and bacA (n=5), having 

a similar function (Table 11).   

 

Table 11  Antimicrobial resistance genes harbored in the 8 E.coli clinical isolates   

Antimicrobial family AMR gene No. of isolate (%) 

beta-lactam 

Haemophilus influenzae PBP3 5(62.5%) 

H-NS 5(62.5%) 

AcrS 5(62.5%) 

AcrF 4(50%) 

AcrE 5(62.5%) 

evgA 4(50%) 

evgS 3(37.5%) 

gadX 2(25%) 
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gadW 1(12.5%) 

CRP  3(37.5%) 

mdtE 3(37.5%) 

mdtF 2(25%) 

Escherichia coli ampC1 beta-

lactamase  5(62.5%) 

acrB 5(62.5%) 

Escherichia coli acrA 5(62.5%) 

Escherichia coli ampH beta-

lactamase  5(62.5%) 

Klebsiella pneumoniae KpnE 5(62.5%) 

Klebsiella pneumoniae KpnF 5(62.5%) 

K.pneumoniae KpnH 1(12.5%) 

TolC 5(62.5%) 

marA 4(50%) 

blaNDM-1  2(25%) 

blaNDM-5  1(12.5%) 

blaCTX-M-15 2(25%) 

blaCTX-M-24 1(12.5%) 

blaOXA-48  1(12.5%) 

blaOXA-1  2(25%) 

blaCMY-42 1(12.5%) 

blaTEM-1B 4(50%) 
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fluoroquinolone 

emrB  5(62.5%) 

emrA 5(62.5%) 

emrR 5(62.5%) 

evgA 4(50%) 

evgS 4(50%) 

CRP  4(50%) 

gadX 5(62.5%) 

gadW 1(12.5%) 

acrB 5(62.5%) 

mdtH 5(62.5%) 

mdtE 5(62.5%) 

mdtM 4(50%) 

AcrS 5(62.5%) 

AcrE 5(62.5%) 

AcrF 4(50%) 

mdtF 5(62.5%) 

rsmA 5(62.5%) 

aac(6')-Ib-cr 2(25%) 

H-NS 5(62.5%) 

K.pneumoniae KpnH 1(12.5%) 

Escherichia coli acrA 5(62.5%) 

Escherichia coli gyrA  3(37.5%) 

Escherichia coli parC 2(25%) 
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marA 5(62.5%) 

TolC 5(62.5%) 

mdf(A)  8(100%) 

aminoglycoside 

acrD 5(62.5%) 

kdpE 5(62.5%) 

cpxA 5(62.5%) 

aac(6')-Ib-cr  2(25%) 

aadA5 3(37.5%) 

aph(3'')-Ib 1(12.5%) 

Klebsiella pneumoniae KpnE 5(62.5%) 

Klebsiella pneumoniae KpnF 5(62.5%) 

K.pneumoniae KpnH 1(12.5%) 

TolC 5(62.5%) 

baeS 5(62.5%) 

baeR 5(62.5%) 

rmtB 1(12.5%) 

rmtC  2(25%) 

mdf(A)  8(100%) 

tetracycline 

evgA 5(62.5%) 

evgS 5(62.5%) 

emrK 4(50%) 

emrY 4(50%) 

H-NS 5(62.5%) 
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marA 5(62.5%) 

Klebsiella pneumoniae KpnE 5(62.5%) 

Klebsiella pneumoniae KpnF 5(62.5%) 

Escherichia coli acrA 5(62.5%) 

acrB 5(62.5%) 

AcrS 5(62.5%) 

TolC 5(62.5%) 

mdf(A)  8(100%) 

tet(A) 1(12.5%) 

tetR 2(25%) 

tet(B) 4(50%) 

sulfamethoxazole  

dfrA17 2(25%) 

sul2 1(12.5%) 

sul1 5(62.5%) 

macrolide 

H-NS 5(62.5%) 

mdtE 5(62.5%) 

mdtF 5(62.5%) 

Klebsiella pneumoniae KpnE 5(62.5%) 

Klebsiella pneumoniae KpnF 5(62.5%) 

K.pneumoniae KpnH 1(12.5%) 

CRP  4(50%) 

gadX 5(62.5%) 

gadW 1(12.5%) 
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Escherichia coli emrE  2(25%) 

TolC 5(62.5%) 

evgS 5(62.5%) 

evgA 5(62.5%) 

mph(A) 2(25%) 

mdf(A)  8(100%) 

phenicol 

Escherichia coli acrA 4(50%) 

acrB 4(50%) 

AcrS 4(50%) 

marA 4(50%) 

mdtM 1(12.5%) 

rsmA 4(50%) 

catB3 2(25%) 

TolC 4(50%) 

mdf(A)  7(87.5%) 

rifamycin 

acrB 5(62.5%) 

AcrS 5(62.5%) 

E.coli acrA 4(50%) 

marA 5(62.5%) 

Klebsiella pneumoniae KpnE 5(62.5%) 

Klebsiella pneumoniae KpnF 5(62.5%) 

TolC 5(62.5%) 

mdf(A)  8(100%) 
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fosfomycin mdtG 5(62.5%) 

nitroimidazole msbA 5(62.5%) 

glyclcycline 

TolC 5(62.5%) 

Escherichia coli acrA 4(50%) 

AcrS 4(50%) 

marA 5(62.5%) 

acrB 4(50%) 

peptide antibiotic 

ugd 3(37.5%) 

YojI 5(62.5%) 

bacA 5(62.5%) 

Klebsiella pneumoniae KpnE 4(50%) 

Klebsiella pneumoniae KpnF 4(50%) 

K.pneumoniae KpnH 1(12.5%) 

eptA 5(62.5%) 

PmrF 5(62.5%) 

TolC 5(62.5%) 

aminocoumarin 

cpxA 4(50%) 

mdtA  4(50%) 

mdtB 4(50%) 

mdtC 4(50%) 

baeR 4(50%) 

baeS 4(50%) 

TolC 4(50%) 
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quaternary ammonium 

compounds qacE 3(37.5%) 

peroxides sitABCD  3(37.5%) 

   
 

Chromosomal point mutations in E.coli soxS and E.coli acrR genes were 

frequent in 5 out of the 8 E.coli isolates conferring resistance to the beta-lactams family 

of antibiotics. Resistance to fluoroquinolones was mainly either due to a mutation in 

gyrA (p.S83L) or E.coli soxR and acrR (n=5). Furthermore, 4 out of the 8 E.coli isolates 

had a mutation in the Escherichia coli GlpT gene conferring resistance to fosfomycin 

(table 12). 

 

Table 12 Chromosomal point mutations in genes conferring resistance to antimicrobials 

in the 8 E.coli clinical isolates.  

Antimicrobial family 

Chromosomal point 

mutation  No. of isolates (%) 

beta lactams  

Escherichia coli soxR 4(50%) 

Escherichia coli soxS 5(62.5%) 

Escherichia coli marR  4(50%) 

Escherichia coli acrR  5(62.5%) 

fluoroquinolones  

Escherichia coli acrR  5(62.5%) 

Escherichia coli soxR  5(62.5%) 

Escherichia coli soxS 4(50%) 

Escherichia coli marR  4(50%) 
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gyrA (p.S83L) 5(62.5%) 

gyrA (p.D87N) 4(50%) 

tetracycline  

Escherichia coli soxR 4(50%) 

Escherichia coli soxS 5(62.5%) 

Escherichia coli marR  4(50%) 

Escherichia coli acrR  5(62.5%) 

fosfomycin  

Escherichia coli GlpT 4(50%) 

Escherichia coli UhpT 2(25%) 

Escherichia coli cyaA  2(25%) 

rifamycin  

Escherichia coli soxR 4(50%) 

Escherichia coli soxS 5(62.5%) 

Escherichia coli marR  4(50%) 

Escherichia coli acrR  5(62.5%) 

phenicol   

Escherichia coli soxR 4(50%) 

Escherichia coli soxS 5(62.5%) 

Escherichia coli marR  4(50%) 

Escherichia coli acrR  5(62.5%) 

glycylcycline 

Escherichia coli soxR 4(50%) 

Escherichia coli soxS 5(62.5%) 

Escherichia coli marR  4(50%) 

Escherichia coli acrR  5(62.5%) 

 

Thirty three different virulence factors were detected in the 8 E.coli clinical 

isolates. All of the 8 E.coli isolates possessed Tellurium ion resistance protein and 7 out 
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of the isolates possessed glutamate decarboxylase. Siderophore receptor (n=6), high 

molecular weight protein 2 non-ribosomal peptide synthetase (n=6) , long polar 

fimbriae (n=4), iron transport protein (n=4) and outer membrane protein complement 

resistance (n=3) were also frequent in many E.coli clinical isolates (table 13).  

 

Table 13 Virulence factors possessed by the 8 E.coli clinical isolates.  

Virulence factor gene No. of isolates (%) 

Siderophore receptor fyuA 6(75%) 

Glutamate decarboxylase gad 7(87.5%) 

High molecular weight protein 2 non-ribosomal peptide 

synthetase irp2 6(75%) 

Increased serum survival is 5(62.5%) 

Capsule polysaccharide export inner-membrane protein kpsE 5(62.5%) 

Long polar fimbriae lpfA 4(50%) 

Iron transport protein sitA 4(50%) 

Tellurium ion resistance protein terC 8(100%) 

Outer membrane protein complement resistance traT 3(37.5%) 

Enteroaggregative immunoglobulin repeat protein air 3(37.5%) 

Outer membrane hemin receptor chuA 4(50%) 

Salmonella HilA homolog eilA 2(25%) 

Fimbrial protein yfcV 3(37.5%) 

Heat-resistant agglutinin hra 3(37.5%) 

Polysialic acid transport protein; Group 2 capsule kpsMII_K5 2(25%) 

Hexosyltransferase homolog capU 1(12.5%) 
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Endonuclease colicin E2 celb 2(25%) 

Hybrid non-ribosomal peptide / polyketide 

megasynthase clbB 1(12.5%) 

Cytotoxic necrotizing factor cnf1 1(12.5%) 

S fimbrial/F1C minor subunit focC 1(12.5%) 

Enterobactin siderophore receptor protein iroN 1(12.5%) 

Microcin M part of colicin H mcmA 1(12.5%) 

Outer membrane protease (protein protease 7) ompT 2(25%) 

serine protease autotransporters of Enterobacteriaceae 

(SPATE) pic 1(12.5%) 

S fimbrial/F1C minor subunit sfaD 1(12.5%) 

S-fimbriae minor subunit sfaS 1(12.5%) 

Uropathogenic specific protein usp 2(25%) 

Vacuolating autotransporter toxin vat 1(12.5%) 

Adherence protein iha 1(12.5%) 

Aerobactin synthetase iucC 1(12.5%) 

Ferric aerobactin receptor iutA 1(12.5%) 

Shigella IgA-like protease homologue sigA 1(12.5%) 

Invasin of brain endothelial cells ibeA 1(12.5%) 

 

Seven out of the fifteen chosen K.pneumoniae clinical isolates were sequenced 

(K.pneumoniae 4, K.pneumoniae 5, K.pneumoniae 43, K.pneumoniae 77, K.pneumoniae 

79, K.pneumoniae 83, and   K.pneumoniae 87).  
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WGS of the 7 K.pneumoniae clinical isolates showed that K.pneumoniae 4 

belonged to the sequence type 2096 while the sequence types of the rest 6 

K.pneumoniae clinical isolates were undetected.  (Table 14)  

 

Table 14 Sequence type of the 7 K.pneumoniae clinical isolates 

K.pneumoniae isolate  Sequence type 

K.pneumoniae 4  2096 

K.pneumoniae 5 Undetected  

K.pneumoniae 43 Undetected  

K.pneumoniae 77 Undetected  

K.pneumoniae 79 Undetected  

K.pneumoniae 83 Undetected  

K.pneumoniae 87 Undetected  

 

A total of 12 different plasmids were detected in the 7 K.pneumoniae clinical 

isolates, distributed as follow : IncFIB(K)(pCAV1099-114) (n=3), IncFIA(HI1) (n=2), 

Col(pHAD28) (n=1), ColpVC (n=1), ColKP3 (n=1), IncFIB(AP001918) (n=1), 

IncFIB(K) (n=1), IncFIB(pNDM-Mar) (n=1), IncFII (n=1), IncHI1B(pNDM-MAR) 

(n=1), IncI1-I(Alpha) (n=1), IncR (n=1) (table 1.  

 

Table 15 Plasmids harbored in the 7 K.pneumoniae clinical isolates.  

Plasmid No. of isolate (%) 

Col(pHAD28) 1(14.28%) 

ColpVC 1(14.28%) 
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ColKP3 1(14.28%) 

IncFIA(HI1) 2(28.57%) 

IncFIB(AP001918) 1(14.28%) 

IncFIB(K) 1(14.28%) 

IncFIB(K)(pCAV1099-

114) 3(42.85%) 

IncFIB(pNDM-Mar) 1(14.28%) 

IncFII 1(14.28%) 

IncHI1B(pNDM-

MAR) 1(14.28%) 

IncI1-I(Alpha) 1(14.28%) 

IncR 1(14.28%) 

 

Beta-lactams resistance was conferred by several antimicrobial resistance genes 

including blaoxa-1 (n=3) encoding for an extended-spectrum beta-lactamase and 

Klebsiella pneumoniae KpnE and KpnF (n=2) coding for the MFS antibiotic efflux 

pumps. The most frequent resistance genes for fluoroquinolones include oxqA(n=4), 

adeF (n=3), and CRP (n=3) coding for the RND antibiotic efflux pumps. Furthermore, 

aminoglycoside resistance was due to many genes including baeR (n=3) responsible for 

RND efflux pumps and Klebsiella pneumoniae KpnF (n=2) coding for MFS antibiotic 

efflux pumps. With respect to fosfomycin, 5 out of the 8 K.pneumoniae clinical isolates 

harbored the fosA gene which encodes the fosfomycin thiol transferase responsible for 

fosfomycin inactivation (Table 16). 
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Table 16 Antimicrobial resistance genes harbored in the 7 K.pneumoniae isolates  

Antimicrobial family  AMR gene  No. of isolates (%) 

beta-lactam 

Haemophilus influenzae PBP3 2(28.57%) 

Klebsiella pneumoniae KpnE 2(28.57%) 

Klebsiella pneumoniae KpnF 2(28.57%) 

Klebsiella pneumoniae KpnH 1(14.28%) 

Klebsiella pneumoniae KpnG 1(14.28%) 

Klebsiella pneumoniae OmpK37 1(14.28%) 

Escherichia coli ampH beta-

lactamase 1(14.28%) 

marA 2(28.57%) 

OmpA 1(14.28%) 

CRP 1(14.28%) 

H-NS 1(14.28%) 

LptD 1(14.28%) 

blaCTX-M-3 1(14.28%) 

blaCTX-M-15 2(28.57%) 

blaOXA-1 3(42.85%) 

blaOXA-48  1(14.28%) 

blaOXA-232 1(14.28%) 

blaTEM-1A 1(14.28%) 

blaSHV-26  1(14.28%) 

blaSHV-27  1(14.28%) 
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blaSHV-40 2(28.57%) 

blaSHV-56 2(28.57%) 

blaSHV-78  1(14.28%) 

blaSHV-79  2(28.57%) 

blaSHV-85  2(28.57%) 

blaSHV-89  2(28.57%) 

blaSHV-98  1(14.28%) 

blaSHV-106 1(14.28%) 

blaSHV-110    1(14.28%) 

blaSHV-145  1(14.28%) 

blaSHV-179 1(14.28%) 

blaSHV-191 1(14.28%) 

 blaSHV-194 1(14.28%) 

blaSHV-199  1(14.28%) 

fluoroquinolone  

CRP 3(42.85%) 

Klebsiella pneumoniae KpnH 1(14.28%) 

Klebsiella pneumoniae KpnG 1(14.28%) 

Escherichia coli parC 3(42.85%) 

H-NS 2(28.57%) 

Salmonella enterica gyrA 3(42.85%) 

emrR 1(14.28%) 

adeF 3(42.85%) 

mdf(A) 1(14.28%) 
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marA 3(42.85%) 

rsmA 2(28.57%) 

oqxA 4(57.14%) 

 OqxB 4(57.14%) 

aac(6')-Ib-cr 2(28.57%) 

Aminoglycoside 

baeR 3(42.85%) 

Klebsiella pneumoniae KpnE 1(14.28%) 

Klebsiella pneumoniae KpnF 2(28.57%) 

Klebsiella pneumoniae KpnH 1(14.28%) 

Klebsiella pneumoniae KpnG 1(14.28%) 

aph(3')-Ia 1(14.28%) 

mdf(A) 1(14.28%) 

aph(6)-Id 1(14.28%) 

armA 1(14.28%) 

aac(6')-Ib-cr 2(28.57%) 

aadA2 2(28.57%) 

tetracyline  

adeF 3(42.85%) 

H-NS 2(28.57%) 

marA 3(42.85%) 

Klebsiella pneumoniae KpnE 1(14.28%) 

Klebsiella pneumoniae KpnF 3(42.85%) 

tet(A) 1(14.28%) 

mdf(A) 1(14.28%) 
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tet(D) 1(14.28%) 

trimethoprim 

sulfamethoxazole  

sul1 2(28.57%) 

sul2 1(14.28%) 

OqxA 4(57.14%) 

OqxB 4(57.14%) 

dfrA1 2(28.57%) 

dfrA12 2(28.57%) 

Macrolide 

CRP 2(28.57%) 

H-NS 1(14.28%) 

Klebsiella pneumoniae KpnE 1(14.28%) 

Klebsiella pneumoniae KpnF 2(28.57%) 

Klebsiella pneumoniae KpnH 1(14.28%) 

Klebsiella pneumoniae KpnG 1(14.28%) 

mph(A) 1(14.28%) 

mdf(A) 1(14.28%) 

msr (E) 1(14.28%) 

mph(E)  1(14.28%) 

Phenicol 

marA 2(28.57%) 

OqxB  4(57.14%) 

OqxA  3(42.85%) 

mdf(A) 1(14.28%) 

cqxA 1(14.28%) 

catB3 2(28.57%) 
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rifamycin  

marA 3(42.85%) 

mdf(A) 1(14.28%) 

Klebsiella pneumoniae KpnE 3(42.85%) 

Klebsiella pneumoniae KpnF 3(42.85%) 

LptD 1(14.28%) 

Fosfomycin fosA 5(71.42%) 

Nitroimidazole msbA 2(28.57%) 

Glycycline 

marA 2(28.57%) 

oqxA 1(14.28%) 

peptide antibiotic  

ArnT 3(42.85%) 

eptB 3(42.85%) 

Klebsiella pneumoniae KpnE 3(42.85%) 

Klebsiella pneumoniae KpnF 3(42.85%) 

Klebsiella pneumoniae KpnH 1(14.28%) 

Klebsiella pneumoniae KpnG 1(14.28%) 

LptD 1(14.28%) 

aminocoumarin  

LptD 1(14.28%) 

Klebsiella pneumoniae KpnE 1(14.28%) 

baeR 3(42.85%) 

quaternary ammonium 

compounds 

qacE 2(28.57%) 

OqxA 4(57.14%) 

OqxB 4(57.14%) 

streptogramin b msr (E) 1(14.28%) 
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Peroxides sitABCD 1(14.28%) 

  

p.N49S and p.L59V mutations in the ompK36 gene were frequent in 6 out of the 

7 K.pneumoniae  isolates conferring resistance to the beta-lactam family of antibiotics. 

Resistance to fluoroquinolones was either due to several mutations in acrR gene 

(p.R173G, p.L195V, p.P161R) or 2 mutations in gyrA gene (p.D87N, p.S83L ) or 1 

mutation in parC (p.S80I) (table 17).  

 

Table 17 Chromosomal point mutations in genes conferring resistance to antimicrobials 
in 7 K.pneumoniae clinical isolates.  

Antimicrobial family  

Chromosomal point 

mutation  No of isolate (%)  

beta-lactam 

Escherichia coli marR 1(14.28%) 

ompK36 (p.A190) 1(14.28%) 

ompK36 (p.T254S) 1(14.28%) 

ompK36 (p.T222L) 3(42.85%) 

ompK36 (p.T184P) 3(42.85%) 

ompK36 (p.G189T 2(28.57%) 

ompK36 (p.N304E) 2(28.57%) 

ompK36 (p.N49S) 6(85.71%) 

ompK36 (p.F198Y) 2(28.57%) 

ompK36 (p.F207W) 3(42.85%) 

ompK36 (p.D223G) 2(28.57%) 

ompK36 (p.D224E) 1(14.28%) 
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 ompK36 (p.L191S) 1(14.28%) 

ompK36 (p.E232R) 3(42.85%) 

ompK36 (p.L59V) 6(85.71%) 

ompK36 (p.A217S)  3(42.85%) 

ompK36 (p.N218H) 1(14.28%) 

 ompK37 (p.I70M) 5(71.42%) 

ompK37 (p.N230G) 1(14.28%) 

ompK37 (p.I128M) 5(71.42%) 

fluoroquinolone 

Escherichia coli marR 2(28.57%) 

gyrA (p.D87N)  1(14.28%) 

gyrA (p.S83L) 1(14.28%) 

parC (p.S80I) 1(14.28%) 

acrR (p.R173G)  6(85.71%) 

acrR (p.F172S) 6(85.71%) 

acrR (p.L195V) 6(85.71%) 

acrR (p.K201M) 6(85.71%) 

acrR (p.G164A) 6(85.71%) 

acrR (p.P161R) 6(85.71%) 

acrR (p.F197I) 6(85.71%) 

Tetracycline Escherichia coli marR 2(28.57%) 

Glycylcycline Escherichia coli marR 2(28.57%) 

Fosfomycin Escherichia coli UhpT 1(14.28%) 

Rifamycin Escherichia coli marR 2(28.57%) 
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Phenicol Escherichia coli marR 2(28.57%) 
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CHAPTER V 

DISCUSSION 
 

In our research, more than half of the E.coli isolates and a high percentage of 

K.pneumoniae isolates were resistant to Tazocin TZP- piperacillin/tazobactam. Thus, 

the resistance to this antibiotic was more developed in our bacteria than those obtained 

from urine samples during a study done in Saudi Arabia [40]. Moreover in our study, 

E.coli and K.pneumoniae clinical isolates showed high resistance rates to the second-

generation cephalosporin cefuroxime, which were higher than those observed in a study 

in Turkey [112]. Additionally, most of the K. pneumoniae clinical isolates were 

resistant to the 3rd and 4th generation cephalosporins (ceftazidime and cefepime), while 

these antibiotics were more efficient against E.coli as approximately half of the isolates 

were sensitive to them. The majority of both E.coli and K. pneumoniae clinical isolates 

were resistant to zerbaxa -ceftolozane/tazobactam. Furthermore, E.coli and K. 

pneumoniae clinical isolates showed a high percentage of resistance to aztreonam 

similar to those obtained in a Saudi Arabia study [113].  

Antibiotics that are recommended for the treatment of acute uncomplicated 

pyelonephritis, complicated UTIs, and urosepsis are carbapenems ( meropenem, 

ertapenem, and imipenem) [114]. In our research, more than half of the E.coli isolates 

and the majority of the K.pneumoniae isolates were resistant to carbapenems. In recent 

years, resistance to carbapenems has been rising in many clinical isolates around the 

world due to the increased production of metallo- beta-lactamases [115]. Several 

antimicrobial resistance genes that code for beta-lactamases (Escherichia coli ampC1 

beta-lactamase, Escherichia coli ampH beta-lactamase, blaCMY-42, and blaNDM-1) 
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were detected in our sequenced E.coli isolates thus causing resistance to beta-lactams 

through antibiotic inactivation. Moreover, the Haemophilus influenzae PBP3 gene 

which was detected in the K.pneumoniae sequenced isolates is responsible for beta-

lactam antibiotics resistance through altering the antibiotic target (penicillin-binding 

protein). In addition to the presence of OmpA genes coding for the general bacterial 

porin which is behind the decreased beta-lactam permeability and bla-SHV gene coding 

for SHV beta-lactamase. All of these antimicrobial resistance genes and others are 

behind the resistance of K.pneumoniae isolates to beta-lactams. With respect to 

aminoglycosides, the levels of resistance of E.coli isolates to gentamicin in our study 

(25%) was similar to that obtained in a report from Poland. However, in our study, the 

percentage of resistant K.pneumoniae isolates to the aminoglycosides was higher than in 

Poland [116]. The decreased efficiency of aminoglycosides can be explained by their 

frequent use. Our WGS results proved the frequent presence of baeS and cpxA genes in 

the E.coli sequenced isolates and baeR gene in K.pneumoniae clinical isolates coding 

for RND efflux pumps that may be behind aminoglycoside resistance.  

With respect to tetracycline, a high percentage of both E.coli and K.pneumoniae 

clinical isolates were resistant to this antibiotic which was greater than the percentage 

obtained in a study done on uropathogens in Thailand [117]. WGS results detected in 

our sequenced E.coli isolates the presence of emrY, mdfA and tetB genes coding for 

MFS antibiotic efflux pumps. In K.pneumoniae isolates, marA and adeF genes coding 

for RND efflux pumps were detected. These antimicrobial resistance genes together 

with several other ones are responsible for tetracycline resistance.  

SXT is considered first-line antibacterial therapy for uncomplicated cystitis. The 

results of the present study revealed an increased resistance of E.coli and K.pneumoniae 
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isolates to SXT as the percentage of resistance was higher than that revealed by a study 

made in Central Europe over nine years [118]. Sul1 and sul2 which are antimicrobial 

resistance genes detected in both our E.coli and K.pneumoniae sequenced isolates code 

for sulfonamide antibiotic responsible for sulfonamide resistance through replacing the 

antibiotic target.  

Fluoroquinolones are suggested for empirical oral antimicrobial therapy in 

uncomplicated UTIs [114] and among them is ciprofloxacin. Ciprofloxacin is 

commonly prescribed because it can be orally given or administered by intravenous 

infusion. Above half of the E.coli clinical isolates were resistant to both ciprofloxacin 

and levofloxacin. On the other hand, all of the K.pneumoniae isolates showed resistance 

to ciprofloxacin with a high percentage resistance to levofloxacin. Our results were 

similar to a study done in Central Poland 2020 when relating to K. pneumoniae but not 

to E.coli where a lower percentage of resistance against fluoroquinolones was recorded 

in the report  [116]. The high resistance of uropathogens to fluoroquinolones may be 

explained by the excessive use of these antibiotics. In our study, the high rates of 

fluoroquinolone resistance may be either because of the presence of several 

antimicrobial resistance genes in both E.coli (emrA, emrB, emrR coding for MFS 

antibiotic efflux pumps) and K.pneumoniae sequenced isolates (CRP, rsmA, oqxA 

coding for RND antibiotic efflux pumps) or due to the presence of 2 point mutations in 

gyrA(p.S83L/ p.D87N) in E.coli and several point mutation in acrR 

(p.R173G/p.F172SacrR/p.L195V/p.K201M) in K.pneumoniae.  

Colistin, known also as polymyxin E is an antibiotic with decent antimicrobial 

activity against gram-negative bacteria. In our study, only 25% of the E.coli clinical 

isolates together with less than half of the K.pneumoniae isolates showed resistance 
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against colistin. Our results were comparable to those revealed in a Bangladesh study 

[119]. The susceptibility of uropathogens to colistin suggests the potential use of this 

antibiotic for the treatment of UTIs in our region.  

Fosfomycin is an antibacterial agent preventing cell wall synthesis in both gram-

positive and gram-negative bacteria. In our research, all E.coli clinical isolates were 

susceptible to fosfomycin which was similar to the high susceptibility percentages 

obtained during the study of uropathogens in South Africa. In contrast, our results 

showed an increased K. pneumoniae resistance to fosfomycin compared to the South 

African study [120]. Thus, our study proved the high susceptibility of E.coli to 

fosfomycin with a decreased efficiency of fosfomycin against K.pneumoniae. This may 

be explained by the antimicrobial resistance gene fosA detected in 5 out of the 7 

K.pneumoniae sequenced isolates which is responsible for the production of fosfomycin 

thiol transferase, an enzyme that inactivates fosfomycin. Hence, Fosfomycin represents 

a potential treatment for uropathogenic E.coli in our region.  

Uropathogenic E.coli is considered the main factor behind community-acquired 

and nosocomial urinary tract infections. The capability of UPEC to form biofilms seems 

to be an important factor in decreasing antibiotics’ penetration, and thus in increasing 

the antimicrobial resistance and the subsequent treatment failure [121]. Therefore, 

understanding the mechanisms of biofilm formation and its correlation with the 

resistance profiles of uropathogens may provide a vision of new therapeutic customs for 

urinary tract infections. In our study, 83.33% of the E.coli clinical isolates were biofilm 

producers where 70% of them were multi-drug resistant (MDR) and 20 % were 

extensively drug-resistant (XDR). Our findings, which are similar to a study on UPEC 
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clinical isolates in Uganda [122], display a high prevalence of biofilm formation among 

uropathogenic E.coli with MDR and XDR phenotypes.  

Biofilms play an essential role in urinary tract infections especially for being 

responsible for persistent infections causing relapses and for increased antimicrobial 

resistance. This turns the eradication of uropathogenic bacteria difficult which makes 

searching for new therapies necessary. Understanding the effect of biofilm extracts as 

well as the direct effect of biofilm on cells is mandatory for us to recognize new 

medical approaches for urinary tract infection treatment. Because of the deficiency in 

biofilm transfer protocols and information in the literature review, the biofilm transfer 

assay was established in our study in order to assess the UPEC biofilm effect on the SV-

HUC-1 uroepithelium cell line in the future. Our results showed a successful transfer of 

the biofilm from 1 well to another proving the future feasibility of transferring it to 

cells.  

With respect to the effect of the biofilm extracts on the proliferation of the SV-

HUC-1 uroepithilium cell line, 70% of the biofilm-producing clinical isolates had an 

anti-proliferative effect on the uroepithelium cells. E.coli 49- 448 which showed the 

highest percentage of biofilm formation in vitro (52%) had a noticeable inhibitory effect 

(16.30%) on the used cell line. Furthermore, WGS results proved that 3 and 1 out of the 

sequenced 8 E.coli isolates expressed the fimbrial protein and adherence protein 

virulence factors respectively, which play an important role in the initial steps of 

biofilm formation. Our results suggest that biofilm may be behind the pathogenesis of 

uropathogenic E.coli in urinary tract infections.  

Moreover, the planktonic extracts of 58.33% of the E.coli isolates showed a 

suppressive effect on the proliferation of the SV-HUC-1 uroepithelium cell line. All of 
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these isolates were MDR with 1 XDR isolate. E.coli 50-452 which belongs to the MDR 

phenotype revealed an important antiproliferative effect (27.18%) on the SV-HUC-1 

uroepithelium cell line. Our findings demonstrate the relation between antimicrobial 

resistance and pathogenicity of uropathogenic E.coli.  Moreover, our WGS results 

proved the presence of many virulence factors that aid in bacterial invasion and 

attachment such as adherence protein, fimbrial protein, S fimbrial/F1C minor subunit, 

and iron scavengings such as iron transport protein, siderophore receptor, enterobactin 

siderophore receptor protein, and ferric aerobactin receptor. 

Future perspective:  

Our future work will be focused on repeating the MTT assay for n=2 and n=3 to 

statistically verify the obtained results of the E.coli isolates. MTT assay will be also 

performed using K. pneumoniae biofilm and planktonic extracts. For further validation 

on the effect of the biofilm and planktonic extracts on cell viability, a trypan blue cell 

assay will be performed. LC-MS will be done on the chosen effective biofilm and 

planktonic extracts to further investigate the chemical nature of the bioactive 

components and therefore the possible mechanism of pathogenicity. The release of pro-

and anti-inflammatory cytokines in response to the extracts will also be measured using 

ELISA assay and PCR.   



 

 91 

REFERENCES   

 

 [1] R. Öztürk and A. Murt, “Epidemiology of urological infections: a global 
burden,” World J. Urol. 2020 3811, vol. 38, no. 11, pp. 2669–2679, Jan. 2020, 
doi: 10.1007/S00345-019-03071-4. 

[2] “Urinary Tract Infection (UTI): Symptoms, Causes, Treatment.” 

https://www.webmd.com/women/guide/your-guide-urinary-tract-infections 
(accessed Aug. 09, 2021). 

[3] V. Smelov, K. Naber, and T. E. Bjerklund Johansen, “Improved Classification of 
Urinary Tract Infection: Future Considerations,” Eur. Urol. Suppl., vol. 15, no. 4, 

pp. 71–80, Jul. 2016, doi: 10.1016/J.EURSUP.2016.04.002. 
[4] “Types of Urinary Tract Infection | Stanford Health Care.” 

https://stanfordhealthcare.org/medical-conditions/womens-health/urinary-tract-
infection/types.html (accessed Aug. 09, 2021). 

[5] R. D. Klein and S. J. Hultgren, “Urinary tract infections: microbial pathogenesis, 
host-pathogen interactions and new treatment strategies,” Nat. Rev. Microbiol., 
vol. 18, no. 4, p. 211, Apr. 2020, doi: 10.1038/S41579-020-0324-0. 

[6] “Klebsiella Pneumoniae Infection: Symptoms, Causes, and Treatment.” 

https://www.healthline.com/health/klebsiella-pneumonia (accessed Aug. 09, 
2021). 

[7] “The growing problem of drug-resistant UTIs - Harvard Health.” 
https://www.health.harvard.edu/womens-health/the-growing-problem-of-drug-

resistant-utis (accessed Aug. 09, 2021). 
[8] I. Linhares, T. Raposo, A. Rodrigues, and A. Almeida, “Frequency and 

antimicrobial resistance patterns of bacteria implicated in community urinary 
tract infections: a ten-year surveillance study (2000–2009),” BMC Infect. Dis. 

2013 131, vol. 13, no. 1, pp. 1–14, Jan. 2013, doi: 10.1186/1471-2334-13-19. 
[9] S. Maraki, G. Samonis, P. I. Rafailidis, E. K. Vouloumanou, E. Mavromanolakis, 

and M. E. Falagas, “Susceptibility of urinary tract bacteria to fosfomycin,” 
Antimicrob. Agents Chemother., vol. 53, no. 10, pp. 4508–4510, 2009, doi: 

10.1128/AAC.00721-09. 
[10] “Urinary tract infection (UTI) - Symptoms and causes - Mayo Clinic.” 

https://www.mayoclinic.org/diseases-conditions/urinary-tract-
infection/symptoms-causes/syc-20353447 (accessed Jun. 06, 2021). 

[11] “Urinary tract infection: Causes, symptoms, and prevention.” 
https://www.medicalnewstoday.com/articles/189953#_noHeaderPrefixedContent 
(accessed Jun. 16, 2021). 

[12] “Urinary Tract Infection: Symptoms, Diagnosis, and Treatment.” 

https://www.healthline.com/health/urinary-tract-infection-adults (accessed Jun. 
06, 2021). 

[13] R. Vasudevan, “Urinary tract infection: An overview of the infection and the 
associated risk factors,” J. Microbiol. Exp., vol. Volume 1, no. Issue 2, May 
2014, doi: 10.15406/JMEN.2014.01.00008. 

[14] S. E. Geerlings, “Clinical presentations and epidemiology of urinary tract 
infections,” Urin. Tract Infect. Mol. Pathog. Clin. Manag., pp. 27–40, 2016, doi: 
10.1128/9781555817404.ch2. 

[15] C. Kodner and E. K. T. Gupton, “Recurrent Urinary Tract Infections in Women: 



 

 92 

Diagnosis and Management,” Am. Fam. Physician, vol. 82, no. 6, pp. 638–643, 

Sep. 2010, Accessed: Jul. 23, 2021. [Online]. Available: 
http://familydoctor.org/190.xml. 

[16] A. V. M. Franco, “Recurrent urinary tract infections,” Best Pract. Res. Clin. 
Obstet. Gynaecol., vol. 19, no. 6, pp. 861–873, 2005, doi: 

10.1016/j.bpobgyn.2005.08.003. 
[17] “How Menopause Affects a Woman’s Urinary Tract.” 

https://www.verywellhealth.com/menopause-vaginal-urinary-tract-changes-
3520881 (accessed Jul. 14, 2021). 

[18] F. Yeganeh-Sefidan, R. Ghotaslou, M. T. Akhi, M. R. Sadeghi, Y. 
Mohammadzadeh-Asl, and H. Bannazadeh Baghi, “Fosfomycin, interesting 
alternative drug for treatment of urinary tract infections created by multiple drug 
resistant and extended spectrum β-lactamase producing strains.,” Iran. J. 

Microbiol., vol. 8, no. 2, pp. 125–31, Apr. 2016, Accessed: Jun. 18, 2021. 
[Online]. Available: http://www.ncbi.nlm.nih.gov/pubmed/27307978. 

[19] “Urinary Tract Infections: Causes, Symptoms & Treatment.” 
https://my.clevelandclinic.org/health/diseases/9135-urinary-tract-infections 

(accessed Jun. 14, 2021). 
[20] J. Song, B. L. Bishop, G. Li, R. Grady, A. Stapleton, and S. N. Abraham, “TLR4-

mediated expulsion of bacteria from infected bladder epithelial cells,” Proc. Natl. 
Acad. Sci. U. S. A., vol. 106, no. 35, pp. 14966–14971, 2009, doi: 

10.1073/pnas.0900527106. 
[21] M. Medina and E. Castillo-Pino, “An introduction to the epidemiology and 

burden of urinary tractinfections,” Ther. Adv. Urol., vol. 11, 2019, doi: 
10.1177/1756287219832172. 

[22] “P REVALENCE AND ANTIBIOTIC SUSCEPTIBILITY OF INTRA - 
ABDOMINAL AND U RINARY TRACT INFECTION ESBL POSITIVE 
PATHOGENS IN TWO LARGE SCALE TERTIARY CARE CENTERS IN L 
EBANON :,” p. 2012, 2012. 

[23] D. Behzad, A. Hakimeh, R. Hossein, and A. Khaledi, “A middle east systematic 
review and meta-analysis of bacterial urinary tract infection among renal 
transplant recipients; Causative microorganisms,” Microb. Pathog., vol. 148, no. 
August, p. 104458, 2020, doi: 10.1016/j.micpath.2020.104458. 

[24] H. S. Faidah, A. M. Ashshi, G. A. A. El-Ella, A. K. Al-Ghamdi, and A. M. 
Mohamed, “Urinary Tract Infections among Pregnant Women in Makkah, Saudi 
Arabia,” Biomed. Pharmacol. J., vol. 6, no. 1, pp. 01–07, Apr. 2015, Accessed: 
Aug. 08, 2021. [Online]. Available: 

https://biomedpharmajournal.org/vol6no1/urinary-tract-infections-among-
pregnant-women-in-makkah-saudi-arabia/. 

[25] D. Prakash and R. S. Saxena, “Distribution and Antimicrobial Susceptibility 
Pattern of Bacterial Pathogens Causing Urinary Tract Infection in Urban 

Community of Meerut City, India,” ISRN Microbiol., vol. 2013, pp. 1–13, 2013, 
doi: 10.1155/2013/749629. 

[26] S. Farajnia, M. Y. Alikhani, R. Ghotaslou, B. Naghili, and A. Nakhlband, 
“Causative agents and antimicrobial susceptibilities of urinary tract infections in 
the northwest of Iran,” Int. J. Infect. Dis., vol. 13, no. 2, pp. 140–144, 2009, doi: 

10.1016/j.ijid.2008.04.014. 
[27] N. State and K. Durowade, “International Research Journal of Medicine and 



 

 93 

Medical Sciences,” Int. Res. J. Med. Med. Sci., vol. 5, no. 5, pp. 163–167, 2014, 

doi: 10.14303/jmms.2014.074. 
[28] “Causes and Risk Factors of UTI | Everyday Health.” 

https://www.everydayhealth.com/urinary-tract-infection/causes-and-risk-factors-
of-utis/ (accessed Aug. 08, 2021). 

[29] “Urinary Tract Infections (UTI) During Pregnancy.” 
https://www.webmd.com/women/guide/pregnancy-urinary-tract-infection 
(accessed Aug. 08, 2021). 

[30] J. John E. Delzell and M. LeFevre, “Urinary Tract Infections During Pregnancy,” 

Am. Fam. Physician, vol. 61, no. 3, pp. 713–720, Feb. 2000. 
[31] A. M. Al-Haddad, “Urinary tract infection among pregnant women in Al-

Mukalla district, Yemen,” East. Mediterr. Heal. J., vol. 11, no. 3, pp. 505–510, 
2005. 

[32] “Urinary tract infections (UTIs) - NHS.” https://www.nhs.uk/conditions/urinary-
tract-infections-utis/ (accessed Jun. 16, 2021). 

[33] “New Solutions for Menopause-Related Chronic Urinary Tract Infections: 
Women’s Healthcare of Princeton: Gynecologists.” 

https://www.princetongyn.com/blog/new-solutions-for-menopause-related-
chronic-urinary-tract-infections (accessed Jul. 14, 2021). 

[34] R. Raz, “Urinary tract infection in postmenopausal women,” Korean J. Urol., 
vol. 52, no. 12, pp. 801–808, 2011, doi: 10.4111/kju.2011.52.12.801. 

[35] “Catheter-associated Urinary Tract Infections (CAUTI) | HAI | CDC.” 
https://www.cdc.gov/hai/ca_uti/uti.html (accessed Jul. 25, 2021). 

[36] V. J. Mandracchia, D. W. Hayes, R. M. Yoho, and M. F. Hayes, “Diagnosis, 
Differential and Treatment Options,” Nat. Rev. Microbiol., vol. 13, no. March, 

pp. 269–284, 2000, doi: 10.1038/nrmicro3432.Urinary. 
[37] L. E. Nicolle, “Catheter associated urinary tract infections,” Antimicrob. Resist. 

Infect. Control, vol. 3, no. 1, p. 23, Jul. 2014, doi: 10.1186/2047-2994-3-23. 
[38] “Urinary tract infections in patients with diabetes treated with dapagliflozin - 

ScienceDirect.” 
https://www.sciencedirect.com/science/article/pii/S1056872713001128?via%3Di
hub (accessed Jul. 25, 2021). 

[39] S. E. Geerlings et al., “Risk factors for symptomatic urinary tract infection in 

women with diabetes.,” Diabetes Care, vol. 23, no. 12, pp. 1737–1741, Dec. 
2000, doi: 10.2337/DIACARE.23.12.1737. 

[40] S. S. Ahmed, A. Shariq, A. A. Alsalloom, I. H. Babikir, and B. N. Alhomoud, 
“Uropathogens and their antimicrobial resistance patterns: Relationship with 

urinary tract infections.,” Int. J. Health Sci. (Qassim)., vol. 13, no. 2, pp. 48–55, 
2019, [Online]. Available: 
http://www.ncbi.nlm.nih.gov/pubmed/30983946%0Ahttp://www.pubmedcentral.
nih.gov/articlerender.fcgi?artid=PMC6436442. 

[41] F. Yeganeh-Sefidan, R. Ghotaslou, M. T. Akhi, M. R. Sadeghi, Y. 
Mohammadzadeh-Asl, and H. B. Baghi, “Fosfomycin, interesting alternative 
drug for treatment of urinary tract infections created by multiple drug resistant 
and extended spectrum β-lactamase producing strains,” Iran. J. Microbiol., vol. 
8, no. 2, pp. 125–131, 2016. 

[42] C. N. Spaulding and S. J. Hultgren, “Adhesive Pili in UTI Pathogenesis and Drug 
Development,” Pathogens, vol. 5, no. 1, Mar. 2016, doi: 



 

 94 

10.3390/PATHOGENS5010030. 

[43] S. Niveditha, S. Pramodhini, S. Umadevi, S. Kumar, and S. Stephen, “The 
isolation and the biofilm formation of uropathogens in the patients with catheter 
associated urinary tract infections (UTIs),” J. Clin. Diagnostic Res., vol. 6, no. 9, 
pp. 1478–1482, 2012, doi: 10.7860/JCDR/2012/4367.2537. 

[44] P. Khandelwal, S. N. Abraham, and G. Apodaca, “Cell biology and physiology 
of the uroepithelium,” 2021, doi: 10.1152/ajprenal.00327.2009. 

[45] G. Lee, “Uroplakins in the lower urinary tract,” International Neurourology 
Journal, vol. 15, no. 1. Korean Continence Society, pp. 4–12, Mar. 2011, doi: 

10.5213/inj.2011.15.1.4. 
[46] D. S. Eto, T. A. Jones, J. L. Sundsbak, and M. A. Mulvey, “Integrin-mediated 

host cell invasion by type 1-piliated uropathogenic Escherichia coli,” PLoS 
Pathog., vol. 3, no. 7, pp. 0949–0961, 2007, doi: 10.1371/journal.ppat.0030100. 

[47] D. J. Wurpel, S. A. Beatson, M. Totsika, N. K. Petty, and M. A. Schembri, 
“Chaperone-Usher Fimbriae of Escherichia coli,” PLoS One, vol. 8, no. 1, p. 
52835, Jan. 2013, doi: 10.1371/journal.pone.0052835. 

[48] R. Piatek et al., “Pilicides inhibit the FGL chaperone/usher assisted biogenesis of 

the Dr fimbrial polyadhesin from uropathogenic Escherichia coli,” BMC 
Microbiol., vol. 13, no. 1, p. 131, 2013, doi: 10.1186/1471-2180-13-131. 

[49] K. J. Wright and S. J. Hultgren, “Sticky fibers and uropathogenesis: bacterial 
adhesins in the urinary tract.,” Future Microbiol., vol. 1, pp. 75–87, 2006, doi: 

10.2217/17460913.1.1.75. 
[50] T. P. Zanto, K. Hennigan, M. Östberg, W. C. Clapp, and A. Gazzaley, “Host-

Pathogen Checkpoints and,” vol. 46, no. 4, pp. 564–574, 2011, doi: 
10.1111/j.1574-6976.2012.00339.x.Host-Pathogen. 

[51] J. J. Martinez and S. J. Hultgren, “Requirement of Rho-family GTPases in the 
invasion of type 1-piliated uropathogenic Escherichia coli,” Cell. Microbiol., vol. 
4, no. 1, pp. 19–28, 2002, doi: 10.1046/j.1462-5822.2002.00166.x. 

[52] G. G. Anderson, J. J. Palermo, J. D. Schilling, R. Roth, J. Heuser, and S. J. 

Hultgren, “Intracellular bacterial biofilm-like pods in urinary tract infections,” 
Science (80-. )., vol. 301, no. 5629, pp. 105–107, 2003, doi: 
10.1126/science.1084550. 

[53] M. Kostakioti, M. Hadjifrangiskou, and S. J. Hultgren, “Bacterial biofilms: 

Development, dispersal, and therapeutic strategies in the dawn of the 
postantibiotic era,” Cold Spring Harb. Perspect. Med., vol. 3, no. 4, pp. 1–23, 
2013, doi: 10.1101/cshperspect.a010306. 

[54] T. J. Hannan, I. U. Mysorekar, C. S. Hung, M. L. Isaacson-Schmid, and S. J. 

Hultgren, “Early severe inflammatory responses to uropathogenic E. coli 
predispose to chronic and recurrent urinary tract infection,” PLoS Pathog., vol. 6, 
no. 8, pp. 29–30, 2010, doi: 10.1371/journal.ppat.1001042. 

[55] S. S. Justice et al., “Differentiation and developmental pathways of 

uropathogenic Escherichia coli in urinary tract pathogenesis,” Proc. Natl. Acad. 
Sci. U. S. A., vol. 101, no. 5, pp. 1333–1338, 2004, doi: 
10.1073/pnas.0308125100. 

[56] M. G. Blango, E. M. Ott, A. Erman, P. Veranic, and M. A. Mulvey, “Forced 
Resurgence and Targeting of Intracellular Uropathogenic Escherichia coli 

Reservoirs,” vol. 9, no. 3, 2014, doi: 10.1371/journal.pone.0093327. 
[57] A. E. Barber, J. P. Norton, A. M. Spivak, and M. A. Mulvey, “Urinary tract 



 

 95 

infections: Current and emerging management strategies,” Clin. Infect. Dis., vol. 

57, no. 5, pp. 719–724, 2013, doi: 10.1093/cid/cit284. 
[58] J. C. Rice, T. Peng, J. S. Spence, H. Wang, and R. M. Goldblum, “Pyelonephritic 

Escherichia coli Expressing P Fimbriae Decrease Immune Response of the 
Mouse Kidney,” no. 16, pp. 3583–3591, doi: 10.1681/ASN.2005030243. 

[59] J. Bien, O. Sokolova, and P. Bozko, “Role of Uropathogenic Escherichia coli 
Virulence Factors in Development of Urinary Tract Infection and Kidney 
Damage,” Int. J. Nephrol., vol. 2012, p. 15, 2012, doi: 10.1155/2012/681473. 

[60] B. Nowicki, A. Hart, K. E. Coyne, D. M. Lublin, and S. Nowicki, “Short 

consensus repeat-3 domain of recombinant decay-accelerating factor is 
recognized by Escherichia coli recombinant Dr adhesin in a model of a cell-cell 
interaction,” J. Exp. Med., vol. 178, no. 6, p. 2115, Dec. 1993, doi: 
10.1084/JEM.178.6.2115. 

[61] “Molecular epidemiology of uropathogenic Escherichia coli | Elsevier Enhanced 
Reader.” 
https://reader.elsevier.com/reader/sd/pii/S1341321X07708693?token=03248EF2
28A3CF00F6ED279A797EBF79AEAF9BE97B83092EE98307FF04C864D2687

6E25DFD476DB39112CF717C9AD58B&originRegion=eu-west-
1&originCreation=20210808180311 (accessed Aug. 08, 2021). 

[62] J. R. Johnson, “Virulence Factors in Escherichia coli Urinary Tract Infection,” 
Clin. Microbiol. Rev., vol. 4, no. 1, pp. 80–128, 1991. 

[63] B. K. Dhakal and M. A. Mulvey, “The UPEC pore-forming toxin α-hemolysin 
triggers proteolysis of host proteins to disrupt cell adhesion, inflammatory, and 
survival pathways,” Cell Host Microbe, vol. 11, no. 1, pp. 58–69, 2012, doi: 
10.1016/j.chom.2011.12.003. 

[64] K. Nagamatsu et al., “Dysregulation of escherichia coli α-hemolysin expression 
alters the course of acute and persistent urinary tract infection,” Proc. Natl. Acad. 
Sci. U. S. A., vol. 112, no. 8, pp. E871–E880, 2015, doi: 
10.1073/pnas.1500374112. 

[65] S. S. Justice and D. A. Hunstad, “UPEC hemolysin: More than just for making 
holes,” Cell Host Microbe, vol. 11, no. 1, pp. 4–5, 2012, doi: 
10.1016/j.chom.2012.01.001. 

[66] M. Piteau, P. Papatheodorou, C. Schwan, A. Schlosser, K. Aktories, and G. 

Schmidt, “Lu/BCAM Adhesion Glycoprotein Is a Receptor for Escherichia coli 
Cytotoxic Necrotizing Factor 1 (CNF1),” PLoS Pathog., vol. 10, no. 1, 2014, doi: 
10.1371/journal.ppat.1003884. 

[67] A. G. Miraglia et al., “Cytotoxic Necrotizing Factor 1 Prevents Apoptosis via the 

Akt / I ␬ B Kinase Pathway : Role of Nuclear Factor- ␬ B and Bcl-2 □,” vol. 18, 
no. July, pp. 2735–2744, 2007, doi: 10.1091/mbc.E06. 

[68] A. Doye et al., “CNF1 Exploits the Ubiquitin-Proteasome Machinery to Restrict 
Rho GTPase Activation for Bacterial Host Cell Invasion,” vol. 111, pp. 553–564, 

2002. 
[69] T. A. Garcia, C. L. Ventura, M. A. Smith, D. S. Merrell, and A. D. O’Brien, 

“Cytotoxic necrotizing factor 1 and hemolysin from uropathogenic Escherichia 
coli elicit different host responses in the murine bladder,” Infect. Immun., vol. 81, 
no. 1, pp. 99–109, 2013, doi: 10.1128/IAI.00605-12. 

[70] L. Landraud, C. Pulcini, P. Gounon, G. Flatau, P. Boquet, and E. Lemichez, “E. 
coli CNF1 toxin: A two-in-one system for host-cell invasion,” Int. J. Med. 



 

 96 

Microbiol., vol. 293, no. 7–8, pp. 513–518, 2004, doi: 10.1078/1438-4221-

00295. 
[71] P. Watnick and R. Kolter, “Biofilm, city of microbes,” J. Bacteriol., vol. 182, no. 

10, pp. 2675–2679, May 2000, doi: 10.1128/JB.182.10.2675-2679.2000. 
[72] R. M. Donlan, “Biofilms: Microbial Life on Surfaces,” Emerg. Infect. Dis., vol. 

8, no. 9, p. 881, 2002, doi: 10.3201/EID0809.020063. 
[73] W. M. Dunne and Jr., “Bacterial Adhesion: Seen Any Good Biofilms Lately?,” 

Clin. Microbiol. Rev., vol. 15, no. 2, p. 155, 2002, doi: 10.1128/CMR.15.2.155-
166.2002. 

[74] L. A. Pratt and R. Kolter, “Genetic analysis of Escherichia coli biofilm 
formation: Roles of flagella, motility, chemotaxis and type I pili,” Mol. 
Microbiol., vol. 30, no. 2, pp. 285–293, 1998, doi: 10.1046/j.1365-
2958.1998.01061.x. 

[75] P. N. Danese, L. A. Pratt, S. L. Dove, and R. Kolter, “The outer membrane 
protein, Antigen 43, mediates cell-to-cell interactions within Escherichia coli 
biofilms,” Mol. Microbiol., vol. 37, no. 2, pp. 424–432, 2000, doi: 
10.1046/j.1365-2958.2000.02008.x. 

[76] P. S. Guiton et al., “Combinatorial small-molecule therapy prevents 
uropathogenic Escherichia coli catheter-associated urinary tract infections in 
mice,” Antimicrob. Agents Chemother., vol. 56, no. 9, pp. 4738–4745, 2012, doi: 
10.1128/AAC.00447-12. 

[77] K. Kjærgaard, M. A. Schembri, C. Ramos, S. Molin, and P. Klemm, “Antigen 43 
facilitates formation of multispecies biofilms,” Environ. Microbiol., vol. 2, no. 6, 
pp. 695–702, 2000, doi: 10.1046/j.1462-2920.2000.00152.x. 

[78] F. Sun et al., “Biofilm-associated infections: antibiotic resistance and novel 

therapeutic strategies,” http://dx.doi.org/10.2217/fmb.13.58, vol. 8, no. 7, pp. 
877–886, Jul. 2013, doi: 10.2217/FMB.13.58. 

[79] P. Y. Chung and Y. S. Toh, “Anti-biofilm agents: recent breakthrough against 
multi-drug resistant Staphylococcus aureus,” Pathog. Dis., vol. 70, no. 3, pp. 

231–239, Apr. 2014, doi: 10.1111/2049-632X.12141. 
[80] M. C. Rowe, H. L. Withers, and S. Swift, “Uropathogenic Escherichia coli forms 

biofilm aggregates under iron restriction that disperse upon the supply of iron,” 
FEMS Microbiol. Lett., vol. 307, no. 1, pp. 102–109, Jun. 2010, doi: 

10.1111/J.1574-6968.2010.01968.X. 
[81] B. M. Prüß, C. Besemann, A. Denton, and A. J. Wolfe, “A Complex 

Transcription Network Controls the Early Stages of Biofilm Development by 
Escherichia coli,” J. Bacteriol., vol. 188, no. 11, p. 3731, Jun. 2006, doi: 

10.1128/JB.01780-05. 
[82] H. Pelling et al., “Bacterial biofilm formation on indwelling urethral catheters,” 

Lett. Appl. Microbiol., vol. 68, no. 4, pp. 277–293, Apr. 2019, doi: 
10.1111/LAM.13144. 

[83] B. W. Trautner and R. O. Darouiche, “Role of biofilm in catheter-associated 
urinary tract infection,” Am. J. Infect. Control, vol. 32, no. 3, p. 177, 2004, doi: 
10.1016/J.AJIC.2003.08.005. 

[84] C. Walsh and T. Collyns, “The pathophysiology of urinary tract infections,” 
Surg. (United Kingdom), vol. 35, no. 6, pp. 293–298, 2017, doi: 

10.1016/j.mpsur.2017.03.007. 
[85] J. W. Kronstad and M. Caza, “Shared and distinct mechanisms of iron acquisition 



 

 97 

by bacterial and fungal pathogens of humans,” Front. Cell. Infect. Microbiol., 

vol. 4, no. NOV, pp. 1–23, 2013, doi: 10.3389/fcimb.2013.00080. 
[86] R. E. Watts et al., “Contribution of siderophore systems to growth and urinary 

tract colonization of asymptomatic bacteriuria escherichia coli,” Infect. Immun., 
vol. 80, no. 1, pp. 333–344, 2012, doi: 10.1128/IAI.05594-11. 

[87] R. Podschun and U. Ullmann, “Klebsiella spp. as Nosocomial Pathogens: 
Epidemiology, Taxonomy, Typing Methods, and Pathogenicity Factors,” Clin. 
Microbiol. Rev., vol. 11, no. 4, p. 589, 1998, Accessed: Jul. 26, 2021. [Online]. 
Available: /pmc/articles/PMC88898/. 

[88] J. P. Chaturvedi, Kaveri S.; Hung, Chia S.; Crowley Jan R.; Stapleton, Ann E.; 
Henderson, “Pathogens During Infection,” Nat. Chem. Biol., vol. 8, no. 8, pp. 
731–736, 2013, doi: 10.1038/nchembio.1020.The. 

[89] D. A. Rosen, J. S. Pinkner, J. M. Jones, J. N. Walker, S. Clegg, and S. J. 

Hultgren, “Utilization of an intracellular bacterial community pathway in 
Klebsiella pneumoniae urinary tract infection and the effects of FimK on type 1 
pilus expression,” Infect. Immun., vol. 76, no. 7, pp. 3337–3345, 2008, doi: 
10.1128/IAI.00090-08. 

[90] S. G. Stahlhut et al., “Comparative Structure-Function Analysis of Mannose-
Specific FimH Adhesins from Klebsiella pneumoniae and Escherichia coli ␬,” 
vol. 191, no. 21, pp. 6592–6601, 2009, doi: 10.1128/JB.00786-09. 

[91] C. N. Murphy, M. S. Mortensen, K. A. Krogfelt, and S. Clegg, “Role of 

klebsiella pneumoniae type 1 and type 3 fimbriae in colonizing silicone tubes 
implanted into the bladders of mice as a model of catheter-associated urinary 
tract infections,” Infect. Immun., vol. 81, no. 8, pp. 3009–3017, 2013, doi: 
10.1128/IAI.00348-13. 

[92] D. A. Rosen, J. S. Pinkner, J. N. Walker, J. S. Elam, J. M. Jones, and S. J. 
Hultgren, “Molecular variations in Klebsiella pneumoniae and Escherichia coli 
FimH affect function and pathogenesis in the urinary tract,” Infect. Immun., vol. 
76, no. 7, pp. 3346–3356, 2008, doi: 10.1128/IAI.00340-08. 

[93] C. Struve, M. Bojer, and K. A. Krogfelt, “Characterization of Klebsiella 
pneumoniae type 1 fimbriae by detection of phase variation during colonization 
and infection and impact on virulence,” Infect. Immun., vol. 76, no. 9, pp. 4055–
4065, 2008, doi: 10.1128/IAI.00494-08. 

[94] N. Maroncle, C. Rich, and C. Forestier, “The role of Klebsiella pneumoniae 
urease in intestinal colonization and resistance to gastrointestinal stress,” Res. 
Microbiol., vol. 157, no. 2, pp. 184–193, Mar. 2006, doi: 
10.1016/J.RESMIC.2005.06.006. 

[95] S. G. Stahlhut, C. Struve, K. A. Krogfelt, and A. Reisner, “Biofilm formation of 
Klebsiella pneumoniae on urethral catheters requires either type 1 or type 3 
fimbriae,” Fems Immunol. Med. Microbiol., vol. 65, no. 2, p. 350, Jul. 2012, doi: 
10.1111/J.1574-695X.2012.00965.X. 

[96] U. Ullmann, “Klebsiella spp . as Nosocomial Pathogens : Epidemiology , 
Taxonomy , Typing Methods , and Pathogenicity Factors,” vol. 11, no. 4, pp. 
589–603, 1998. 

[97] D. T. N. Huynh, A. Y. Kim, and Y. R. Kim, “Identification of pathogenic factors 
in Klebsiella pneumoniae using impedimetric sensor equipped with biomimetic 

surfaces,” Sensors (Switzerland), vol. 17, no. 6, pp. 1–13, 2017, doi: 
10.3390/s17061406. 



 

 98 

[98] D. H. Tambekar, D. V. Dhanorkar, S. R. Gulhane, V. K. Khandelwal, and M. N. 

Dudhane, “Antibacterial susceptibility of some urinary tract pathogens to 
commonly used antibiotics,” African J. Biotechnol., vol. 5, no. 17, pp. 1562–
1565, 2006, doi: 10.4314/ajb.v5i17.43162. 

[99] J. M. Q. Haslund, M. Rosborg Dinesen, A. B. Sternhagen Nielsen, C. Llor, and 

L. Bjerrum, “Different recommendations for empiric first-choice antibiotic 
treatment of uncomplicated urinary tract infections in Europe,” Scand. J. Prim. 
Health Care, vol. 31, no. 4, pp. 235–240, Dec. 2013, doi: 
10.3109/02813432.2013.844410. 

[100] K. Gupta, “M a n a g e m e n t o f U r i n a r y Tr a c t I n f e c t i o n s f ro m M u 
l t i d r u g - Resistant Organisms,” Infect. Dis. Clin. NA, vol. 28, no. 1, pp. 49–
59, 2021, doi: 10.1016/j.idc.2013.10.002. 

[101] J. Garau, “Other antimicrobials of interest in the era of extended-spectrum b -

lactamases : fosfomycin , nitrofurantoin and tigecycline,” Clin. Microbiol. Infect., 
vol. 14, pp. 198–202, 2008, doi: 10.1111/j.1469-0691.2007.01852.x. 

[102] D. L. Paterson, “Resistance in gram-negative bacteria : Enterobacteriaceae,” pp. 
20–28, 2003, doi: 10.1016/j.ajic.2006.05.238. 

[103] H. Pullukçu, Ş. Aydemir, M. Işikgöz Taşbakan, F. Cilli, A. Tünger, and S. 
Ulusoy, “Susceptibility of extended-spectrum beta-lactamase-producing 
Escherichia coli urine isolates to fosfomycin, ciprofloxacin, amikacin and 
trimethoprim-sulfamethoxazole,” Turkish J. Med. Sci., vol. 38, no. 2, pp. 175–

180, 2008. 
[104] É. Ruppé, P.-L. Woerther, and F. Barbier, “Mechanisms of antimicrobial 

resistance in Gram-negative bacilli,” Ann. Intensive Care, vol. 5, no. 1, p. 21, 
Dec. 2015, doi: 10.1186/S13613-015-0061-0. 

[105] S. Y. Lee et al., “Prevalence of acquired fosfomycin resistance among extended-
spectrum β-lactamase-producing Escherichia coli and klebsiella pneumoniae 
clinical isolates in korea and IS26-composite transposon surrounding fosA3,” J. 
Antimicrob. Chemother., vol. 67, no. 12, pp. 2843–2847, 2012, doi: 

10.1093/jac/dks319. 
[106] K. Soo Ko et al., “In vitro activity of fosfomycin against ciprofloxacin-resistant 

or extended-spectrum β-lactamase-producing Escherichia coli isolated from urine 
and blood,” Diagn. Microbiol. Infect. Dis., vol. 58, no. 1, pp. 111–115, 2007, doi: 

10.1016/j.diagmicrobio.2006.11.015. 
[107] A. S. Michalopoulos, I. G. Livaditis, and V. Gougoutas, “International Journal of 

Infectious Diseases The revival of fosfomycin,” Int. J. Infect. Dis., vol. 15, no. 
11, pp. e732–e739, 2021, doi: 10.1016/j.ijid.2011.07.007. 

[108] B. Chinnasami, S. Sundaramoorthy, K. Sadasivam, and S. Pasupathy, “Pathogens 
causing urinary tract infection in children and their in vitro susceptibility to 
antimicrobial agents - A hospital based study,” Biomed. Pharmacol. J., vol. 9, no. 
1, pp. 377–383, 2016, doi: 10.13005/bpj/949. 

[109] T. Demir and T. Buyukguclu, “Evaluation of the in vitro activity of fosfomycin 
tromethamine against Gram-negative bacterial strains recovered from 
community- and hospital-acquired urinary tract infections in Turkey,” Int. J. 
Infect. Dis., vol. 17, no. 11, pp. e966–e970, 2013, doi: 
10.1016/j.ijid.2013.04.005. 

[110] L. D. Qiao et al., “Characteristics of urinary tract infection pathogens and their in 
vitro susceptibility to antimicrobial agents in China: Data from a multicenter 



 

 99 

study,” BMJ Open, vol. 3, no. 12, pp. 1–7, 2013, doi: 10.1136/bmjopen-2013-

004152. 
[111] A. L. Dolinsky, M100 Performance Standards for Antimicrobial Susceptibility 

Testing, vol. 8, no. 3. 2017. 
[112] “Uropathogens and antibiotic resistance in the community and hospital-induced 

urinary tract infected children | Elsevier Enhanced Reader.” 
https://reader.elsevier.com/reader/sd/pii/S2213716519301857?token=4C75D585
37190C1BE14FB36180F22A4B407744BE6A83136B72DCF79867F2BB2DB2E
319A4642A80E72B8011B5ABDE0B0F&originRegion=eu-west-

1&originCreation=20210811104911 (accessed Aug. 11, 2021). 
[113] J. Al-Zahrani, K. Al Dossari, A. H. Gabr, A. Ahmed, S. A. Al Shahrani, and S. 

Al-Ghamdi, “Antimicrobial resistance patterns of Uropathogens isolated from 
adult women with acute uncomplicated cystitis,” BMC Microbiol., vol. 19, no. 1, 

p. 237, Oct. 2019, doi: 10.1186/S12866-019-1612-6. 
[114] “EAU Guidelines: Urological Infections | Uroweb.” 

https://uroweb.org/guideline/urological-infections/#3 (accessed Aug. 11, 2021). 
[115] A. Bora, R. Sanjana, B. K. Jha, S. Narayan Mahaseth, and K. Pokharel, 

“Incidence of metallo-beta-lactamase producing clinical isolates of Escherichia 
coli and Klebsiella pneumoniae in central Nepal,” BMC Res. Notes 2014 71, vol. 
7, no. 1, pp. 1–7, Aug. 2014, doi: 10.1186/1756-0500-7-557. 

[116] B. Kot, A. Grużewska, P. Szweda, J. Wicha, and U. Parulska, “Antibiotic 

resistance of uropathogens isolated from patients hospitalized in district hospital 
in central Poland in 2020,” Antibiotics, vol. 10, no. 4, pp. 1–14, 2021, doi: 
10.3390/antibiotics10040447. 

[117] K. Singkhamanan, “Virulence characteristics and antimicrobial susceptibility of 

uropathogens from patients on Phuket Island, Thailand,” 2014, Accessed: Aug. 
13, 2021. [Online]. Available: 
https://www.researchgate.net/publication/268789034. 

[118] J. Hrbacek, P. Cermak, and R. Zachoval, “Current Antibiotic Resistance Trends 

of Uropathogens in Central Europe : Survey from a Tertiary Hospital Urology 
Department 2011 – 2019,” 2020. 

[119] M. Asaduzzaman et al., “SUSCEPTIBILITY PATTERN OF SECOND LINE 
ANTIBIOTIC COLISTIN AGAINST GRAM NEGATIVE BACTERIA 

CAUSING URINARY TRACT INFECTION IN SELECTED AREAS OF 
DHAKA CITY, BANGLADESH Vascular Injuries View project Korean Wave 
in South Asia: Transcultural Flow, Fandom and Identity View project 
SUSCEPTIBILITY PATTERN OF SECOND LINE ANTIBIOTIC COLISTIN 

AGAINST GRAM NEGATIVE BACTERIA CAUSING URINARY TRACT 
INFECTION IN SELECTED AREAS OF DHAKA CITY, BANGLADESH,” 
2018, Accessed: Aug. 13, 2021. [Online]. Available: www.ejbps.com. 

[120] “Fosfomycin susceptibility of uropathogens at Charlotte Maxeke Johannesburg 

Academic Hospital | Mothibi | Southern African Journal of Infectious Diseases.” 
https://sajid.co.za/index.php/sajid/article/view/173/390 (accessed Aug. 13, 2021). 

[121] T. J. Med Sci, H. Zamani, and A. Salehzadeh, “Turkish Journal of Medical 
Sciences Biofilm formation in uropathogenic Escherichia coli: association with 
adhesion factor genes,” doi: 10.3906/sag-1707-3. 

[122] P. Katongole, F. Nalubega, N. C. Florence, B. Asiimwe, and I. Andia, “Biofilm 
formation, antimicrobial susceptibility and virulence genes of Uropathogenic 



 

 100 

Escherichia coli isolated from clinical isolates in Uganda,” BMC Infect. Dis., vol. 

20, no. 1, pp. 1–6, 2020, doi: 10.1186/s12879-020-05186-1. 
 
 
  

 
 
 
 

 
 
 
 

 
 


