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Abstract 

Urinary tract infections (UTIs) are one of the most common pathological conditions in 

both community and hospital settings. It has been estimated that about 150 million 

people worldwide develop UTIs each year, with high social costs in terms of 

hospitalizations and medical expenses. Urinary tract infection (UTI) is a common 

bacterial infection known to affect the different parts of the urinary tract and the 

occurrence is found in both males and females. Despite the fact, that both the 

genders are susceptible to the infection, women are most vulnerable due to their 

anatomy and reproductive physiology. The infection is usually caused as a 

consequence of the bacterial invasion of the urinary tract including the lower and the 

upper urinary tract. UT possesses a variety of virulence factors (VFs), which the 

organism uses to attach, invade, and injure the host. These VFs include adhesins, 

toxins, iron acquisition fact lipopolysaccharides capsules, and other invasions. Most 

studies on UTI pathogenesis have targeted VFs. Effective UTI management is 

hampered by the recent rise in antibiotic resistance, specifically, the recent 

emergence of multidrug-resistant E. coli sequence type 131. The distribution of VFs 

and other bacterial characteristics among different patient groups. 
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1. Introduction 

Urinary tract infections (UTIs) are one of the most common infectious diseases 

ranking next to upper respiratory tract infections. Every year 150 million people suffer 

from UTI world-wide and the Enterobacteriaceae family contributes 84.3% to 

UTIs.[1,2,3] The UTI problem has been magnified over time with the emergence of 

multidrug resistant (MDR) bacteria and it has become a frequently met medical 

problem. Paradigmatically the transformation of the commensal, Escherichia coli (E. 

coli) mostly isolated from patients with uncomplicated UTI to be a notorious 

pathogen is of utmost consternation.[4]  

UTI treatment is mainly focused on the use of antibiotics including β-lactams in 

several countries. However, drug resistance is raising serious concerns. Antibiotic 

resistance among bacteria is the most prevalent issue and is very common 

worldwide due to β-lactamase production by various program-negative bacteria 

especially by Enterobacteriaceae.[5]β-lactamase synthesis by gram-negative bacteria 

is considered to be the most important crucial mechanism of resistance to β-lactam 

drugs. Bush discovered and separated these enzymes from Klebsiella in 1983 and 

designated as extended spectrum β-lactamases (ESBLs). He observed that these 

enzymes degraded oxyiminao cephalosporin class with a β-lactam ring, like 

Ceftriaxone, and Aztreonam. The enzymes β-lactamase is thought as the most 

important cause of drug resistance in gram-negative bacteria. ESBLs breakdowns 

cephalosporin’s of the fourth generation at βlactam ring except for Carbapenems and 

Cephamycin.[6] Carbapenems such as imipenem, meropenem, ertapenem, and 

doripenem are considered as the last resort antibiotics to treat ESBL producing 

Enterobacteriaceae. 

Gram-negative bacteria, especially the family Enterobacteriaceae are the common 

cause of both community and hospital-acquired UTIs. Escherichia coli and Klebsiella 

pneumonia are most commonly implicated among patients with UTIs.[7] 

Acinetobacter baumannii (A. baumannii), Pseudomonas aeruginosa (P. aeruginosa), 

Proteus sp., Klebsiella sp., Chlamydia trachoma, and Neisseria gonorrhea. 

Moreover, UTI-fungi, Candida sp. (such as Candida albicans, Candida utilis, 

Candida glabrata, Candida tropical is, Candida kefyr, and Candida guilliermondii) 
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and Rhodotorula sp., often burgeon in the mazed environment of infection-source in 

a hospital, promoting UTI. 

Overview of UTI 

 

 

Prevalence of UTI among different groups of people over the last few years. 
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2. URINARY TRACT INFECTIONS (UTIs) 

Urinary tract infections (UTIs) are widespread and affect a large proportion of the 

human population. About 150 million people worldwide develop UTIs each year, with 

high social costs. It is estimated that 40% of women develop at least one UTI during 

their lifetime and that 11% of women over 18 years have an episode of UTI per year 

[8,9]. With roughly eleven million cases reported in the sole U.S. each year, the costs 

are estimated at $5 billion annually (Figure 1). Urinary tract infection is a common 

contagion among men and women but the incidence is quite high among women due 

to their physiology. In simple terms, it can be referred as a condition that a woman 

will certainly encounter during the span of a life time and the prevalence is higher 

among women during pregnancy. The UTI refers to the presence of a certain 

number of bacteria in the urine (generally > 105 /ml) and symptomatic UTIs are 

classified in order of severity as urosepsis syndrome, pyelonephritis (or upper UTI, 

with infection in the kidney) and cystitis (or lower UTI, with bacteria into the 

bladder.[10] The symptoms associated with the bladder and kidney infections are 

contrasting which include painful and frequent urination in case of cystitis as a result 

of bladder infection whereas conditions like high fever and flank pain are commonly 

experienced in case of kidney contagion was referred to as  pyelonephritis 

prevalence of the infection among children and elderly people is not clearly 

understood and is currently under study.[11] 

 

                               

                       Figure. 1. The Urinary tract and sites of infection.    

                                            

Bacterial cystitis (also called acute cystitis) can occur in both women and men and 

some people develop recurrent infections of the urinary tract.[12] Three or more 
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urinary tract infections within 12 months define a recurring UTI, as well as two or 

more recurrences within 6 months. The same bacterial species that caused previous 

us infection is typically responsible for relapses. Approximately 20–30% of adult 

women with an initial UTI will experience a recurrence within 3–4 months; whereas, 

in children, about one third experiencing a UTI before the age of one, will experience 

a recurrence within 3 years, and 18% of them will have a recurrence within a few 

months.[13] In patients suffering from recurrent UTIs, maintenance is ensured by 

antibiotic prophylaxis; however, in some cases, T  I needs to be treated by surgery. 

During pregnancy, recurrent UTIs may be frequent and can cause severe adverse 

outcomes for the mother and the baby, including preterm birth. The interventions in 

this setting can be pharmacologic (antibiotics) or non-pharmacological (alternative 

remedies).[14] In pre-menopausal women, sexual activities three or more times a 

week, the use of spermicides, new or multiple sexual partners and having suffered 

from UTI before age 15 are the main risk factors in UTI development and recurrence. 

In menopausal women, systemic hormonal therapy is not an effective prevention, 

and usually asymptomatic bacteriuria during this period does not require 

treatment.[15] In women after menopause, the risk increases mainly by low estragon 

levels after-effects, which associated to vaginal atrophy. Women over the age of 61–

65 years, so suffer of genital-urinary symptoms while 29% had episodes of urinary 

incontinence, all symptoms associated with bacteriuria.[16]  
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3. Classification of UTI  

Many microorganisms are continuously threatening to infect the urinary tract, but 

their virulence is balanced by host-protective mechanisms. Most UTIs are caused by 

the ascent of microorganisms through the urethra, although some microorganisms 

can reach the urinary tract by the haematogenous or lymphatic spread.  

        

 

Classification of UTIs 

Classification of UTIs is important for clinical decisions, research, quality 

measurement, and teaching. Traditionally, UTIs are classified based on clinical 

symptoms, laboratory data, and microbiological findings and usually have been 

divided into uncomplicated and complicated UTIs, and urosepsis however, most 

UTIs are uncomplicated.       

Uncomplicated and complicated urinary tract infection: This is a consequence of 

bacterial infection and the prevalence is higher in women than men. This includes 

the common form of the infection like cystitis and pyelonephritis which affects the 
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lower and the upper tracts leading to bladder and kidney infections. In contrast, 

complicated urinary tract infection occurs in men and women at any point in their life 

and tends to produce severe outcomes resulting in death under serious 

circumstances. Patients with urinary tract infection are often subjected to medical 

devices and one such device commonly employed among the patients are the 

urinary catheters which serve as a common means of infection. In addition, bladder 

and kidney malfunction and kidney transplants are the other factors for complicated 

urinary tract infections. The first three months after a kidney transplant is very crucial 

and the patient is vulnerable to developing such complications. 

Recurrent urinary tract infection: This is a common phenomenon that is observed 

among women who have experienced uncomplicated UTIs and they are classified as 

re-infection and relapse. Major cases of UTIs are referred to as re-infections and the 

condition is encountered by the patient after several weeks of antibiotic treatment. 

Knowledge about risk factors is important for treatment decisions, for instance, 

treatment of asymptomatic bacteraemia in women with recurrent symptomatic UTIs 

is no longer recommended if there are no identified risk factors. Treatment strategy 

depends on the clinical severity grade, and both appropriate antimicrobial therapy 

and resolution of risk factors are mandatory. Her selection of antibiotics is mostly 

based one standard culture test. Increasing antimicrobial resistance might require 

the development of more targeted approaches for successful antimicrobial therapy in 

the future. 
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4. Symptoms of UTI 

UTI can be manifested as an asymptomatic or symptomatic infection based on the 

presence and absence of the symptoms. Urinary tract infections are caused by 

microorganisms usually bacteria that enter the urethra and bladder, causing 

inflammation and infection. [17]Though a UTI most commonly happens in the urethra 

and bladder, bacteria can also travel up the ureters and infect your kidneys. Hence 

symptoms enhance the diagnosis process among young healthy women. The 

infection is less common in children. 

Symptoms of urinary tract infection                                      

A) Cystitis: This is commonly called a lower urinary tract infection or bladder 

infection and affects the bladder. It causes the following symptoms 

 i. Pressure in lower pelvis pain 

 ii. Dysuria (painful urination)  

iii. Polyuria (frequent urination) 

 iv. Urinary urgency 

 v. Nocturia (urination during the night) 

 vi. Haematuria (urine with traces of blood)  

Cystitis is further classified based on the etiology and therapeutic approach and 

traumatic cystitis is considered the common form of cystitis among females causing 

the bruising of the bladder. This is often followed by bacterial cystitis. The coliform 

bacteria are transferred to the bladder from the bowel through the urethra. 

B) Pyelonephritis: Kidney infection is a type of urinary tract infection (UTI) that 

commonly begins in your bladder and moves upstream to one or both of your 

kidneys. In rare cases, kidney infections can lead to serious health problems, but 

quick treatment prevents most complications.  It is also known as “pyelitis”. Severe 

incidence causes the accumulation of pus around kidneys and is known as 

“pyonephrosis”. Symptoms of pyelonephritis include fever and flank pain in addition 

to symptoms seen in lower urinary tract infections. Among  young children, high 



8 
 

fever is the only symptom of urinary tract infection and the symptoms are difficult to 

detect in elderly people. Hence it is recommended to carry out an analysis of the 

urine culture. 

     

 

 

Figure.2 Symptoms of UTI 
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Asymptomatic and symptomatic UTI 

Asymptomatic UTI 

ASB is essentially an asymptomatic UTI. In other words, it is the presence of 

significant bacteriuria without symptoms or signs, such as frequency, urgency, 

dysuria, pyuria, or haematuria. Significant bacteriuria is defined as greater than or 

equal to 105 colony-forming units of a single pathogen per millilitre of urine in two 

consecutive midstream urine samples.[18]   

ASB is not considered clinically significant in most patient populations; however, this 

is not the case with pregnant women. The number of pregnant women who develop 

pyelonephritis is significantly higher than their non-pregnant counterparts. If 

untreated, as many as 20% to 40% of pregnant women with ASB will develop 

pyelonephritis.[19, 20] Although it is known that bacteriuria can lead to pyelonephritis in 

pregnancy, other adverse effects of bacteriuria are less well-established. In various 

studies, untreated bacteriuria has been linked with prematurity, low birth weight, 

intrauterine growth retardation, and neonatal death.[21] However, poor outcomes may 

be the result of coexisting risk factors, such as low socioeconomic status, rather than 

bacteriuria alone. To date, this suggestion remains controversial.[19] 

Symptomatic UTI 

The incidence of cystitis during pregnancy has been approximated at 1% to 2%. 

Diagnosis of cystitis is based on a combination of bacteriuria and signs and 

symptoms of frequency, urgency, dysuria, hematuria, and pyuria. Treatment of 

cystitis is the same as treatment for ASB. Again, follow-up, as outlined above, is 

important because up to third women may experience UTIs during pregnancy.[21] 

Incidence of pyelonephritis during pregnancy is approximately 1% to 2%. However, 

20% to 40% of women with untreated bacteriuria will develop pyelonephritis during 

pregnancy.[21] Pyelonephritis is seen most commonly during this trimester whether 

stasis and hydronephrosis are most evident.[23] 

Bacteriuria and clinical signs and symptoms establish a diagnosis of pyelonephritis. 

The signs and symptoms are similar to those of non-pregnant women and include 

fever, nausea, vomiting, chills, and costovertebral angle (CVA) tenderness. 
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All patients who have pyelonephritis during pregnancy should be admitted and 

treated with parenteral agents.[24] Initial antimicrobial therapy is typically ampicillin 

plus gentamicin or cephalosporin’s. Second- or third-generation cephalosporin may 

also be considered for single-agent therapy.[25] With these treatment regimens, more 

than 95% of women will respond within 72 hours. [26, 27] Resistant organisms must be 

considered in women who do not respond appropriately to treatment, and 

antimicrobials should be changed according to culture results. If treatment response 

is suboptimal despite culture-specific treatment, an ultrasound should be obtained to 

rule out nephrolithiasis, structural abnormality, or renal abscess. Once afebrile, 

women may be switched to a 2-week outpatient course of an oral antimicrobial. This 

course should be followed by suppressive therapy until delivery.[28,29] As with ASB 

and cystitis, follow-up after treatment is important. Women should be monitored 

closely throughout their pregnancy because there is an increased risk of recurrent 

pyelonephritis.[30] 
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Demographic parameters 

        

                

 

Demographic parameters associated with UTI ImSup, immune suppressants 

GL, geographic location. 

 

 

 

 

 

 

 

 

 

 



12 
 

5. Etiology of UTI 

The microbial etiology of urinary infections has been regarded as well-established 

and reasonably consistent. Escherichia coli remains the predominant uropathogen 

(80%) isolated in acute community-acquired uncomplicated infections, followed 

by Staphylococcus saprophyticus (10%to15%). Klebsiella, Enterobacter, 

and Proteus species and enterococci infrequently cause uncomplicated cystitis and 

pyelonephritis.[31] 

Escherichia coli is a normal constituent of the intestinal micro biota of humans and 

animals. [32,33]The distinctive E. coli strains that cause most UTIs have been 

designated Uropathogenic E. coli (UPEC). They possess diverse virulence-

associated factors (VFs) that assist them in attaching to, invading, and injuring the 

host, and include adhesins, toxins, siderophores, protective polysaccharide coatings, 

invasions, and serum resistance-associated proteins. The presence and numbers of 

such VFs predict in vivo virulence.[34] 
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6. Epidemiology and risk factors for E.coli UTI 

Urinary tract infections (UTIs) are caused by a wide range of pathogens, including 

Gram-negative and Gram-positive bacteria, as well as fungi. Uncomplicated UTIs 

typically affect women, children and see other healthy elderly patients Complicated 

UTIs are usually associated with indwelling catheters, urinary tract abnormalities, 

immunosuppressed, ion or exposure to antibiotics. The most common causative 

agent for both uncomplicated and complicated UTIs is Uropathogenic Escherichia 

coli (UPEC). For uncomplicated UTIs, other causative agents are (in order of 

prevalence) Klebsiella pneumoniae, Staphylococcus saprophyticus, Enterococcus 

faecalis, group B Streptococcus (GBS), Proteus mirabilis, Pseudomonas aeruginosa, 

Staphylococcus aureus and Candida spp. For complicated UTIs, the other causative 

agents are (in order of prevalence) Enterococcus spp., K pneumoniae, Candida spp., 

S. aureus, P. mirabilis, P. aeruginosa and GBS. 

Overall, UTI is more prevalent among females than males, attributable to the 

proximity of the urogenital tract to the anus in females, the greater length of the male 

urethra, and the antibacterial activity of prostatic fluid in men.[35,36] Functional, 

hormonal, and anatomical changes that occur during pregnancy predispose 

pregnant women to UTIs. UTIs during pregnancy can result in devastating maternal 

and neonatal complications, including maternal sepsis, preterm labour, and 

premature delivery.[37] Thirty per cent of patients with untreated asymptomatic 

bacteriuria (ASB) develop symptomatic cystitis and up to 50% develop 

pyelonephritis. ASB is also associated with intrauterine growth retardation and low-

birth-weight infants.[36] Up to 27% of preterm births have been associated with UTI 

pregnancy. [37] 

About 1% of infants < 3 months old develop UTI, with more males affected than 

females. Proper and urgent UTI management is crucial in children as an estimated 

10–15% of children with UTIs will develop permanent kidney damage, leading to 

other chronic diseases such as hypertension and renal insufficiency.[38,39] 

Approximately 20–30% of women will have a recurrent bladder infection within 6 

months after an initial episode, and an additional 3% will experience a third 

infection.[40,41] 
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7. E.coli UTI pathogenesis 

UTI pathogenesis is a complex process that is influenced by various host biological 

and behavioural factors, and by properties of the infecting pathogen, including VFs. 

This presents a challenge in epidemiological studies regarding the role of specific 

VFs in UTI pathogenesis because of the confounding effect of host factors. 

In most non-compromised individuals, the urinary tract is normally sterile, and the 

entry of exogenous microorganisms is prevented by urine flow, secreted and tissue-

associated antibacterial factors, and the bactericidal activities of effector immune 

cells. In most cases, the host fecal flora is the source of the infecting E. coli strain 

and spreads via the perineal, vaginal, and per urethral areas to the lower urinary 

tract (i.e., urethra and bladder) where they may establish colonization. Two 

hypotheses have been proposed to explain the movement of the organism from the 

fecal flora to the urinary tract. The prevalence hypothesis holds that the numerically 

most prevalent E. coli clones in the feces will be involved, whilst the pathogenicity 

theory holds that E. coli strains with enhanced virulence potential will be selected.[42] 

These two mechanisms may not be mutually exclusive but instead may jointly 

contribute to UTI pathogenesis. 

Although the host’s fecal flora is the major source of the E. coli infecting strain, other 

proximal external reservoirs of the organism have been described. Community 

outbreaks of UTI have been reported,[43] but without any evidence of person-to-

person transmission. Foods and water have been proposed as possible vehicles for 

such outbreaks.[44] The VFs of the invading bacteria and the host’s defense 

mechanisms determine the outcome of the infection. [45] A variety of host factors, 

such as age, gender, pregnancy, or immunological status, may predispose to UTI 

and allow less virulent pathogens to cause the disease. If the infection is confined to 

the lower urinary tract, with symptoms such as dysuria and frequency of urination, 

the infection is referred to as acute cystitis. If the infection spreads to the upper 

urinary tract with symptoms such as flank pain, fever, and malaise, the infection is 

defined as acute pyelonephritis. 
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8. Uropathogenic E.coli [UPEC] and its virulence 

UPEC is the main cause of community-acquired UTIs (about 80– 90%).[46] Four main 

UPEC phylogroups (A, B1, B2, and D) have been identified based on the occurrence 

of genomic Pathogenicity Islands (PAI) and the expression of virulence factors, such 

as adhesins, toxins, surface polysaccharides, flagella, and iron-acquisition 

systems.[47] Usually, many of these virulence factors are required for UPEC to cause 

UTIs. However, besides UPEC, UTI can be caused by Klebsiella pneumoniae at 

7%), Proteus mirabilis (about 5%), and Pseudomonas aeruginosa, Enterococcus 

faecalis, Enterobacter cloacae, Streptococcus bovis, and the fungus Candida 

albicans.[48] During UTIs, UPEC pathogenesis includes: (a) UEC colonization of the 

periurethral and vaginal areas with colonization of the urethra; (b) ascending into the 

bladder lumen and growth planktonic cells in the urine; (c) adherence to the surface 

and interaction with the bladder epithelium defense system (d) biofilm formation; (e) 

invasion and replication by forming bladder Intracellular Bacterial Communities 

(IBCs) where quiescent intracellular reservoirs (QIRs) form and reside in the 

underlying urothelium; (f) kidney colonization and host tissue damage with increased 

risk for bacteremia septicaemia. 

Replication of bacteria in the IBC can easily reach as many as 105 bacteria per cell; 

furthermore, bacteria in the IBC undergo morphological changes, flux out of the 

infected cell, and go on to infect neighbouring cells.[49] These include surface 

structural components, such as lipopolysaccharide (LPS), polysaccharide capsule, 

flagella, outer-membrane vesicles, pili, curli, non-pilus adhesins, outer membrane 

proteins (OMPs), as well as secreted toxins, secretion systems, and TonB-

dependent iron-uptake receptors, including siderophores receptors (Figure 2). All of 

these components are attractive candidates for the development of new drugs and 

vaccines.[50]   

In UPEC, the film operon encodes type 1 pilus (expressing a hemagglutination which 

is mannose-sensitive), whereas the pap operon encodes P- or Pap-pili (which are 

able to interact with the digalactoside unit in the P-blood group antigen). In UPEC 

clinical isolates, fim operon is constitutive whereas pap is part of a PAI that is also 

responsible for other putative virulence determinants. 
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Mannosylated proteins that are present on the bladder epithelium bind to FimH in a 

Rho GTPases (Rac1)-mediated host actin cytoskeleton rearrangement-dependent 

manner.[51] This eventually leads to the development of cystitis due to bacterial 

invasion (Figure 2). In addition, the expression of type 1 pili is strictly controlled by 

phase variation, which reversibly switches between the type 1 pili active expression 

(Phase-ON, piliated cells) and loss of expression (Phase-OFF, non-piliated cells).[52] 

                         

      Figure 3. Escherichia coli adhesins and motile structure. 

Curli are bacterial surface appendages that secrete subunits from the cell as soluble 

monomeric proteins and possess the typical structure and physical characteristics of 

amyloid fibrils. Which are known to be formed in some human degenerative 

diseases. The bacterial amyloids may facilitate biofilm formation. In UPEC, curli 

formation is coordinated by proteins encoded in the operons CSG DEFG. The 

operon accessory proteins CsgE, CsgF, and CsgG are required to facilitate the 

secretion of CsgA whereas CsgB nucleates CsgA subunits into curli fibers (figure.2). 

[53] 

Moreover, the large majority of UPEC isolated from women with acute, 

asymptomatic, or recurrent UTIs shows the presence of flagellum-mediated 

motility.[54]Flagella are organelles that confer adhesive and invasive properties to 

some EPEC strains [55] and play a key role in the dynamic of biofilm.[56] 

Iron acquisition is a critical requirement for UPEC survival in an environment that is 

iron-limited as the urinary tract.[57] Thus, is not surprising that IBC UPEC shows up 
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regulation of redundant systems for the acquisition of iron.[58] In this regard, 

siderophores are small-molecule iron chelators that are produced by UPEC strains to 

scavenge ferric iron (Fe3+), thus UPEC expresses yersiniabactin, salmochelin, and 

aerobatic. Siderophore receptors require the TonB cytoplasmic membrane-localized 

complex, a high-affinity iron acquisition system that allows binding and chelation of 

iron at the cell surface to promote its uptake. [59]Lastly, further UPEC factors 

associated with colonization have been linked to the regulation of metabolic 

pathways mediated by two-component signalling systems (TCSs). TCSs are the 

main signal transduction pathways by which bacteria sense and respond to a wide 

array of environmental stimuli, including quorum sensing signals, nutrients, and 

antibiotics. TCSs are composed of a membrane-bound sensor histidine kinase (HK) 

and a cytoplasmic response regulator (RR) that functions by regulating gene 

expression.[60] 

The importance of the above-described UPEC virulence factors in UTI pathogenesis 

has been further supported, in recent years, by the application of multiple “omics” 

technologies aimed at investigating the UPEC genomic diversity, the global gene 

expression in different models of infection both in vitro and in vivo, and to define the 

occurrence of UPEC-specific proteins as a new candidate therapeutic and vaccine 

targets.[61] 

Transcriptomics investigations by both microarrays and NGS-based RNA 

sequencing (RNA-seq), on the other hand, have led to the identification of virulence 

and fitness UPEC genes, expressed during different in vitro and in vivo infection-

relevant conditions. In this regard, RNA-seq-based transcriptome analysis of mouse 

macrophages infected in vitro with two UPEC strains, allowed us to identify strain-

specific differentially expressed genes associated with the survival in macrophages, 

such as those involved in the responses to oxidative stress, as well as those 

involved in the initial adhesion of UPEC to cells, such as multiple flagella genes.[62] 

High-resolution liquid chromatograph-mass spectrometry/mass spectrometry (LC-

MS/MS)-based technology has been applied to identify and characterize the surface 

proteome of UPEC isolates and strains grown in human urine.[63] UPEC core surface 

proteins, such as integral Outer Membrane (OM) proteins (e.g., OmpA, OmpC, and 

OmpF) and several iron-uptake proteins were in acted in more than 80% of 
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strains.[64] The application of this technique, which allows which in situ two-

dimensional assessment of protein spatial distribution and abundance, revealed the 

occurrence of different bacterial subpopulations within biofilms: type-1 pili-expressing 

cells localized at the air-exposed region and a curli-equipped population localized to 

the underlying air-liquid interface.[65] 
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9. Structure & targeting bacterial adhesion 

Adhesins, which appear as hair-like fibers called fimbriae (or pili), facilitate the 

colonization of E. coli in the urinary tract by attaching them to host epithelial cells. 

This attachment promotes the persistence of the organism in the bladder and serves 

as a reservoir for ascending infection in the urinary tract.[66] Various adhesins have 

been identified and are classified mainly according to receptor specificity, with some 

being mannose resistant and others sensitive. P fimbriae (or pili), the best-described 

group of mannose-resistant adhesins of UPEC, are so named because they 

specifically bind to the Gal (α1–4) Gal disaccharide calaboose, which is an antigen 

within the human P blood group system.[67] Different components of the P fimbriae 

have been described, including four different units that are at the tip of the fibrillium, 

including PapG, PapE PapF, and PapK. [68,69] These fimbrial proteins and other 

accessory proteins are encoded by a chromosomal multicistronic gene cluster 

termed pap (pilus associated with pyelonephritis), which can be carried on larger 

chromosomal insertion sections called pathogenicity associated islands (PAIs).[70] 

As adherence has a key role at nearly every step of UTI pathogenesis, one attractive 

strategy for the development of antivirulence therapies, including vaccines, has been 

to target CUP pili. However, adhesins-based vaccines are effective at blocking host-

pathogen interactions, thus preventing the establishment of disease. [71,72] 

Experiments using mouse and cynomolgus monkey models of UTIs determined that 

immunization with PapG–PapG or FimC–FimH chaperone–adhesin complexes 

protected against UTIs. Modifications of this vaccine are currently under 

development, to induce greater immune stimulation.[71,72] For example, one approach 

has been to fuse FimH to the flagellin FliC in order to induce a more substantial 

acute inflammatory response which functions through TLR4 signalling MYD88 

pathway. A Phase I clinical trial began in January 2014 to evaluate the efficacy of a 

FimC–FimH vaccine using a synthetic analogue of monophosphoryl lipid A as the 

adjuvant. 

In addition to the UPEC adhesins, adhesins from P. mirabilis and E. faecalis have 

also been used as vaccine targets.[73,74] In a mouse model of UTI, vaccination with 

the P. mirabilis MR/P pilus adhesin, MrpH, reduced bacterial burdens compared with 

those of unvaccinated controls, similar to the results observed with UPEC in the 
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FimH vaccine trials. [74,75]Moreover, a vaccine strategy that is efficacious against E. 

faecalis CAUTIs is being developed based on vaccination with the Ebp pilus 

adhesin, EbpA. This strategy induced high antibody titters and reduced bacterial 

burdens in a mouse model of CAUTI. In conclusion, adhesin-based vaccines 

represent a promising area for the development of therapeutics against uropathogen. 

Thus, understanding the molecular basis of host-pathogen interactions is crucial for 

vaccine development strategies. 
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10. Vaccines targeting toxins and proteases 

The UPEC pore-forming toxin HlyA has also received attention as a potential vaccine 

target and was evaluated in a mouse model of pyelonephritis to assess protection 

against renal damage.[76,77] Vaccination with HlyA reduced the incidence of renal 

scarring compared with controls; however, it did not protect against UPEC 

colonization of the kidneys.[77] In addition, in a mouse model of UTI, vaccination with 

the P. mirabilis hemolysinn, HpmA, did not protect against bacterial colonization. 

However, vaccination with Pta, an alkaline protease with toxic effects on epithelial 

cells, displayed promising results in a mouse model of UTI, protecting against upper 

UTI, although bacterial burdens in the bladder remained unaffected. [78] Thus, 

although haemolysins and proteases might provide effective vaccine targets for 

preventing upper UTIs, additional studies are needed to determine the effectiveness 

of these enzymes as targets for vaccines. 
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11. Iron acquisition systems for UPEC 

Bacteria and the host compete for available iron, which is needed for oxygen 

transport and storage, DNA synthesis, electron transport, and metabolism of 

peroxides.[79,80] Pathogenic bacteria, including UPEC, have devised ways of 

accessing iron by producing siderophore-mediated iron transport systems. UPEC 

exhibits multiple mechanisms for extracting iron from the host, mainly siderophore-

siderophore receptor systems, but also heme uptake [81,82] Siderophores, which are 

secreted low molecular weight molecules, have a high. affinity for ferric (Fe3+) iron, 

which is insoluble as a free cation. While all E. coli can produce the siderophore 

enterobactin, the production of alternative siderophores has been shown to increase 

the virulence of strains causing bacteraemia.[83] Several enter bacteria contain a 

gene cluster called the high pathogenicity island (HPI), which encodes protected for 

the biosynthesis of the yersiniabactin siderophore and its uptake system.[84,85] The 

HPI is widespread among members of the Enterobacteriaceae family and is 

essential for virulence in Yersinia and certain pathotypes of E. coli.[84]One of the 

important genes residing on the fun is fun encoding the 71 kDa outer membrane 

protein FyuA (ferric siderophore uptake), which act as a receptor for Fe-

yersiniabactin uptake. FyuA, which was first described in Yersinia species, is 

associated with virulence in many members of the Enterobacteriaceae family.[86] 

Aerobactic is another important hydroxamate siderophore synthesized from the 

condensation of two lysine’s and one citrate molecule. Successive steps in the 

biosynthesis of aerobactin are catalysed by the iuc genes and involve hydroxylation 

of lysine and acetylation of the hydroxyl group to form hydroxamic acid molecules 

which react with citrate to form aerobactin. [87] 

Previous studies have shown that the aerobactin system and P fimbriae are 

commonly found together in UPEC isolates from patients with UTI and urosepsis. 

[89,90] These observations suggest the association of aerobactin with other VFs differs 

between plasmid and chromosomal aerobactin. Plasmids carrying the aerobactin 

region sometimes also carry antimicrobial resistance genes.[89,90] The aerobactin 

system is found more commonly among UPEC strains from patients with 

pyelonephritis (73%), cystitis (49%), or bacteremia (58%) than among ASB patient 
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isolates (38%) or fecal strains (41%), which suggest that aerobactin Contributes to 

virulence both within and outside of the urinary tract. 

Finally, UPEC produces salmochelins in order to access iron during the info on o the 

host. The salmochelin siderophore system, so named because it was first shown to 

be characteristic of Salmonella strains [91], is also present in UPEC. The salmochelin 

receptor iroN may play a dual role as an iron uptake receptor as well as an 

internalization factor.[83] Using a neonatal rat model, it was shown that iroN plays a 

major role during the bacteremic step of the disease.[92] These findings suggest that 

iroN is associated with increased virulence. Studies by Bauer et al. showed that iroN 

occurred 2.1–4 times more frequently in UTI isolates than in rectal isolates.[93] 
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12. Biofilm production by UPEC 

Bacterial biofilms play an important role in urinary tract infections (UTIs), being 

responsible for persistent infections causing relapses and acute prostatitis. Bacterial 

forming biofilm is difficult to eradicate due to the antimicrobial-resistant phenotype 

that this structure confers being combined therapy recommended for the treatment of 

biofilm-associated infections.[94, 95, 96] 

Curli fibers are thin aggregative surface fibers, connected with adhesion, which bind 

laminin, fibronectin, plasminogen, human contact phase proteins [97], and major 

histocompatibility complex (MHC) class I molecules. Curli fibers are coded for by the 

CSG gene cluster, which is comprised of two divergently transcribed operons. One 

operon encodes the cage, usage, and CSC genes, while the other encodes used, 

CsgE, CSF, and can. The assembly of the fibers is unique and involves extracellular 

self-assembly of the Curli subunit (CsgA), dependent on a specific nucleator protein 

(CsgB).[98] CBD is a transcriptional activator essential for the expression of the two 

Curli fiber operons, and CsgG is an outer membrane lipoprotein involved in the 

extracellular stabilization of CsgA and CsgB. [99]The role of the other CsgG genes 

has yet to be elucidated. Expression of both curli operons is important for curli fiber 

assembly. Curli fibers are also essential for the internalization of bacteria during 

infection.[100] 

Co-expressed both biofilm components also harbored fyuA, implying that iron uptake 

via the yersiniabactin system may play a significant role in biofilm growth.[101] 

Additionally, recent studies have shown that the biofilm components, curli fimbriae, 

and cellulose, also play important roles in adhesion, invasion, and long-term survival 

of UPEC within the host urinary tract. [94, 102] 
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13. Phylogenetic group and VF distribution among Patient groups 
and clinical syndromes 

The phylogenetic classification of Escherichia coli isolates is of great importance not 

only for understanding the populations of E. coli but also for clarifying the relationship 

between strains and diseases. One categorization of E. coli isolates that is frequently 

determined is the phylogenetic group. E. coli strains generally fall into one of four 

phylogenetic groups—A, B1, B2, and D [103]and early studies using multilocus 

enzyme electrophoresis (MLEE) indicated that isolates from human feces are not 

equally distributed between the groups, with group A predominant, whereas among 

Expect strains, groups B2 and D predominate.[104]A subsequent study using a triplex 

PCR to determine phylogenetic groups found a predominance of groups A andB1, 

and it has become common for authors to state that phylogenetic groups A and B1 

“predominate” among commensal E. coli strains. Most studies quote prevalence 

rates around 63–65% for group B2 in pathogenic strains, and 10–15% for group 

D.[105] 

Some studies in children showed that pyelonephritis isolates more often belonged to 

group B2, contained on average higher prevalence of individual VF genes, and 

consequently had higher VF scores than did cystitis or fecal isolates, suggesting that 

both VF repertoire and phylogenetic background play important roles in UTI 

pathogenesis. 

UTI syndrome-specific differences among E. coli clinical and fecal isolates from men 

are consistent with findings from women, which have shown a gradient of virulence 

from E. coli strains causing more invasive UTI syndromes, such as pyelonephritis 

and febrile UTI, through those causing cystitis, to fecal strains [106,107] 

In most patient groups, pyelonephritis isolates tend to exhibit the highest prevalence 

of many individual VFs, have the highest VF scores, and are the most likely to 

belong to phylogenetic group B2, ST131, and a UTI-associated O type. The reported 

a higher prevalence of pap operon genes (encoding P fimbriae) in pyelonephritis 

than cystitis isolates correlates with increased tropism for the kidney of P fimbriated 

strains [108,109] PapiniII has been shown, experimentally, to contribute to the o 

pathogenesis of pyelonephritis, and OmpT is strongly associated with febrile UTI in 

men. [110,111] 
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In men and women, although cystitis and pyelonephritis isolates differ in inferred 

molecular virulence, phylogenetic group distribution is similar between the two 

clinical syndromes. However, within each phylogenetic group, VF scores exhibit a 

gradient across source groups (fecal < cystitis < pyelonephritis), suggesting the 

presence of different virulence strata within each phylogenetic group, with more 

virulent strains selectively causing pyelonephritis and less virulent strains being 

associated with cystitis and fecal isolates in that order. This suggests that VF 

repertoire is as, or more, important than phylogenetic background for predicting 

pathogenic behaviour in UPEC.[112] Thus, intervention strategies based on VF genes 

might have to involve multiple targets, which would offer the extra advantage of 

protection against a wide range of UTI syndromes. 
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14. Transmission of VFs 

 The genes encoding specific UPEC VFs can be exclusively chromosomal (e.g., pap 

and hly); exclusively or principally plasmid-associated (e.g., iss and traT); or can 

occur in either location 54 Escherichia coli - Recent Advances on Physiology, 

Pathogenesis and Biotechnological Applications (e.g., the aerobactin operon and 

afa/drab). Plasmid-borne VFs have an obvious vehicle for horizontal transmission 

among E. coli lineages. Such VFs tend to be distributed more broadly but more 

sporadically within the species than are chromosomal VFs [113]. Studies have 

demonstrated that certain VFs commonly occur together, in a way that suggests co-

selection or direct genetic linkage.[114,115] Direct genetic linkage of VFs has been 

shown on PAIs and plasmids. [116,117] 
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15. Antimicrobial drug and Uropathogenic E.coli 

Urinary tract infections (UTIs) belong to the most common community-acquired and 

nosocomial infections. A main etiological factor of UTIs is Uropathogenic Escherichia 

coli (UPEC). [118,119]Although TMP-SMX has traditionally been used as a first-line 

treatment for UTIs [120], there are reports of increased resistance to this antibiotic, 

which in some countries is in the range of  15–20%.[121]  Nitrofurantoin and 

fosfomycin are recommended as first-line therapy in the treatment of uncomplicated 

cystitis, and the resistance to these antimicrobial agents remains low between 

UPEC[122], and all have excellent bioavailability and achieve high urinary 

concentrations. However, increased FQ use has resulted in a rise in the prevalence 

of resistance, and FQ-resistant E. coli has become a major problem in several 

countries.[123] 
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16. UTI during pregnancy  

The prevalence of symptomatic and asymptomatic bacteriuria among women during 

pregnancy is very common and the previous history of the infection is a major risk 

factor.[124] Pregnant women easily develop urinary tract infections (UTIs) because of 

functional, hormonal, and anatomical changes and also because of the location of 

the urethral meatus, which allows Uropathogenic bacteria (found in rectal ¯ora) 

access from the vagina to the lower urinary tract. Escherichia coli are the pathogen 

most frequently isolated in UTIs during pregnancy.[125]The relationship between 

asymptomatic bacteriuria, preterm delivery, and birth has been well documented. Up 

to 27% of preterm births have been associated with clinical forms of UTI. However, 

the pathogenesis of the uterine contraction responsible for preterm labour is not 

clear. The current treatment for acute pyelonephritis in pregnancy presents problems 

because of its high resistance to ampicillin, and on a minor scale, to regenerations 

cephalosporin. Bacterial resistance is the principal cause of failure in antibiotic 

treatment. It is not well known that lower genital tract infection can impudence this 

failure.[126] This article briefly examines the risk factors, the microbiology the 

virulence factors and the usual resistance of Uropathogenic E. coli to common 

antibiotics in UTIs during pregnancy. It analyses the diagnosis and treatment of 

bacteriuria and acute pyelonephritis, group B streptococcal (GBS) infection and 

recurrent UTI. In particular, it analyses the pathogenesis of preterm labour 

associated with UTIs.[127] 

In females, the urinary tract has a significant affiliation with reproductive organs due 

to its propinquity. The position of the uterus plays a vital role in conferring the 

infection. The uterus lies above the bladder in the non-pregnant state and the 

enlargement of the uterus during pregnancy negatively influences the tissues of the 

urinary tract.[128] The infection can be diagnosed by isolating the urinary pathogen 

from the patient. Researchers have reported that the occurrence of the infection 

during pregnancy may be related to the socioeconomic status of the patient as the 

indigent group was more prone to the infection.[129] The occurrence of bacteriuria 

among the non-indigent was found to be 2% compared to 6.5n in the indigent 

population.[130]Factors like history of the a previous infection, diabetes, and 

physiological aberrations of the urinary tract also signify the infection.[131]The 



30 
 

pathogens responsible for conferring the infection are similar are pregnant and 

non.[132] E. coli accounts for 80% of the infection and the presence of pili allows the 

pathogen to attach to the uroepithelial cells and results in tissue 

invasion.[133]Untreated infection during pregnancy can lead to premature labour 

which can be fatal to the new-born infant.[134] Babies are considered to be premature 

if they are born before the 37th week of the pregnancy and this enhances the scope 

of infection in new born babies. In severe cases preterm delivery can also result in 

abortion leading to infant death. 
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17. Emergence of resistance among UTI pathogens 

Studies to validate the fact of growing resistance among UTI-causing pathogens 

have been going on for the last three decades and the available data and reports 

confirm that the increase in resistance to commonly employed antibiotics is a 

consequence of inappropriate use of the antimicrobial agent The existence of Gram-

negative bacteria exhibiting multidrug resistance among the pregnant women and 

the extent of antimicrobial resilience among these pathogens has become an issue 

of concern. Treatment of asymptomatic bacteriuria among elderly and non-pregnant 

women does not seem to be beneficial but they insist on a prior screening process of 

the condition before the employment of the antimicrobial agents.[135] However, the 

extent of antimicrobial resistance shown by the pathogens towards the commonly 

employed drugs is an issue of global concern and this antimicrobial pattern exhibited 

by the pathogens varies according to the factors like the site of their isolation, 

environmental conditions as well as the stage of the infection. This is an indication of 

the development of surfacing resistance among major pathogens conferring UTI and 

has made them resilient to the commonly employed antimicrobial agents. Despite 

the fact of its affectivity, Proteus species and Enterobacter species are resistant to 

nitrofurantoin. A Gram-negative bacterium, their study has demonstrated the least 

activity of trimethoprim against E. coli and has substantiated the use of trimethoprim 

in empirical treatment. Even though the occurrence of UTI is a consequence of E. 

coli infection which accounts for 80%, the involvement of other pathogens cannot be 

denied. Demographic parameters like maternal, gestational age, gravidity, parity, 

socioeconomic condition, n, and previous history of the infection can be vital and 

signifies the infection.[136] However some research studies feel that other pathogens  

of Staphylococcal genus are mistaken to be S. aureus but the other species of the 

genus are capable of causing the infection.[137,138]S. aureus colonization among 

women during pregnancy enhances the rate of morbidity and mortality.[139] The 

resistance of S. aureus against fluoroquinolones such as ciprofloxacin, ofloxacin , 

and norfloxacin is a consequence of empirical treatment. 
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18. E.coli Sequence type 131(ST131) 

Multidrug-resistant E. coli sequence type 131 (ST131) has emerged over the past 

decade as a globally disseminated cause of extra intestinal infections in humans and 

animals.[140–141] The recent emergence of this clone has coincided .with an increase 

in antibiotic resistance among E. coli generally, suggesting a contributing role for 

ST131 in resistance. Most ST131 clinical isolates are FQ resistant, and many are 

also co-resistant to aminoglycosides and/or trimethoprim-sulfamethoxazole (TMP-

SMZ). A minority produces extended-spectrum beta-lactamases (ESBLs) that confer 

resistance to extended-spectrum cephalosporins. E. coli clonal group ST131 may be 

associated with other beta-lactamases but some isolates are cephalosporin 

susceptible.[142, 143] This is consistent with increased neurovirulence and provides 

epidemiological evidence of increased virulence for ST131, which has been 

presumed but without evidence from experimental animal models.[144] The antibiotic 

resistance advantage, in combination with the possible presence of enhanced 

virulence, could explain the recent worldwide emergence of ST131. 

Four VF genes (out, promptness, and traT) are associated with ST131 isolates, and 

so could represent potential targets for vaccines or other interventions, particularly if 

a functional role in virulence or dissemination can be demonstrated for them. Most of 

the ST131 isolates (85%) are of the O25b variant, and the remainder type O16 is [145] 

Resistance of ST131 to extended-spectrum cephalosporins is often due to the 

production of ESBLs. The initial descriptions of ST131 emphasized its association 

with CTX-M-15, but subsequent studies have shown that it is more commonly ESBL-

negative but FQ-resistant. [146] 
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19. Treatment of UTI 

Urinary tract infections (UTIs) caused by antibiotic-resistant Gram-negative bacteria 

are a growing concern due to limited treatment options.  Treatment oral options for 

UTIs due to ESBLs-E.coli include nitrofurantoin, fosfomycin, pivmecillinam, 

amoxicillin-clavulanate, finafloxacin, and sitafloxacin while pivmecillinam, fosfomycin, 

finafloxacin, and sitafloxacin are treatment oral options for ESBLs- Klebsiella 

pneumonia. Treatment options for UTIs caused by multidrug-resistant (MDR)-

Pseudomonas spp. include fluoroquinolones, ceftazidime, cefepime, piperacillin-

tazobactam, Carbapenems including imipenem-cilastatin/sulbactam, meropenem, 

and fosfomycin, ceftolozane-tazobactam, ceftazidime-avibactam, aminoglycosides 

including plazomicin, Aztreonam and ceftazidime-avibactam, cefiderocol, and 

colistin. It is important to use the new antimicrobials wisely for the treatment of UTIs 

caused by MDR-organisms to avoid resistance development. 
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20. Conclusion 

Uropathogenic Escherichia coli infections pose a serious problem to human health, 

with societal costs of tens of billion US$ worldwide. Direct strategies are targeting 

bacteria viability, bladder epithelium adhesion, and biofilm formation; indirect 

strategies elicit and enhance immune responses, by stimulating infected tissues and 

cells to overreact to UPEC invasion. A wide range of UPEC VFs has been 

established epidemiologically or experimentally (in vivo) as being important in UTI 

pathogenesis. No single VF profile has been proven to be important in causing any 

particular UTI syndrome. Indeed, studies have suggested that UTI pathogenesis is 

multiplied determined. This observation, which is in agreement with previous studies, 

provides evidence that VF repertoire is as, or more, important than phylogenetic 

background for predicting pathogenic behaviour in UPEC. An increasing body of 

evidence shows that the reduction of adhesion of UPEC to urinary tract tissues 

reduces recurrence and increases recovery. Future interesting targets might not only 

be directed to UPEC adhesins, but also to immune-based strategies able to improve 

cell responses to UPEC infection; in this context, several natural products fit this 

strategy. 

 

 

 

 

 

 

 

 

 

 

 

 

 



35 
 

21. References 

1. Drekonja DM, Johnson JR. Urinary tract infections. Prim Care 2008; 35: 345-367. 

2. Taneja N, Chatterjee SS, Singh M, Singh S, Sharma M. Paediatric urinary tract 

infections in a tertiary care centre from Northern India. Indian J Med Res 2010; 131: 

101-105. 

3. Jeyaseelan EC, Jashothan PT. In vitro control of Staphylococcus aureus (NCTC 

6571) and Escherichia coli (ATCC 25922) by Ricinus communism L. Asian Pac J 

Trop Biomed 2012; 2(9): 717-721. 

4. Terlizzi, M. E., Gribaudo, G., & Maffei, M. E. (2017). Uropathogenic Escherichia 

coli (UPEC) infections: Virulence factors, bladder responses, antibiotic, and non-

antibiotic antimicrobial strategies. Frontiers in Microbiology, 8, 1566. 

5. Ejaz, H., Ikram-ul-Haq, Z., Saqib Mahmood, A., & Javed, M. M. (2011). Urinary 

tract infections are caused by extended-spectrum rum β-lactamase (ESBL) 

producing Escherichia coli and Klebsiepneumonianiae. African Journal of 

Biotechnology, 10, 73. 

6. Flores-Mireles, A. L., Walker, J. N., Caparon, M., & Hultgren, S. J. (2015). Urinary 

tract infections: Epidemiology, mechanisms of infection and treatment options. 

Nature Reviews Microbiology, 13, 269–284. 

7. Draghijeva E. Virulence factors in Escherichia coli from children with pyelonephritis. 

Clinical Microbiology and Infection. 

8. Forman, B. (2014). Urinary tract infection syndromes: Occurrence, recurrence, 

bacteriology, risk factors, and disease burden. Infectious Disease Clinics of North 

America. 

9. Micali, S, Isgro, G, Bianchi, G.Miceli, N, Calapai, G and Navarra M. Cranberry and 

Navarra. Cranberry and recurrent cystitis; more than marketing? Critic 

10. Smelov, V., Naber, K., and Bjerklund Johansen, T. E. (2016). Improved 

classification of urinary tract infection: future considerations. Eur. Urol. Suppl. 

11. Koves, B., and Wullt, B. (2016). The roles of the host and the pathogens in urinary tract 

infections. Eur. Urol. Suppl. 

12. Fiore, D. C., and Fox, C. L. (2014). Urology and nephrology update: recurrent 

urinary tract infection. FP Essent. 

13. Nuutinen, M., and Uhari, M. (2001). Recurrence and follow-up after urinary tract 

infection under the age of 1 year. Pediatr. Nephrol. 



36 
 

14. Schneeberger, C., Geerlings, S. E., Middleton, P., and Crowther, C. A. (2012). 

Interventions for preventing recurrent urinary tract infection during pregnancy. 

Cochrane Database Syst. Rev. 

15. Milart, P., Wozniakowska, E., Wozniak, S., Palacz, T., Czuczwar, P., Wrona, W., et al. 

(2013). 

16. conditions/urinary–tract-infection-adults/pages/introduction.aspx. 

17. Infection control today.com/news/2013/10/woman-most-often suffer-utis. 

18. Tan CK, Ulett KB, Steele M, et al.Prognostic value of semi quantitative 

bacteriuria counts bacteriurianosis of group B streptococcus urinary tract infection: a 

retrospective grant study in adult patients BMC Infect Dis.2012; 12:273. 

19. Patterson TF, Anisole VT. Detection, significance, and therapy of bacteria in 

pregnancy. Update in the managed health care era. Infect Dis Clin North Am 1997; 

11(3):593–608. 

20. Kass EH. Bacteriuria and pyelonephritis of pregnancy. Arch Intern Med 1960; 

105:194–8. 

21. Schieve LA, Handler A, Her show R, et al. Urinary tract infection during 

pregnancy: its association with maternal morbidity and perinatal outcome.   Am J 

Public Health 1994; 84(3):405–10. BACTERIURIA AND UTIS DURING 

PREGNANCY 41 Downloaded from ClinicalKey.com at University St Petersburg 

State Pavlov Med March 17, 

22. Gils trap LC 3rd, Ramin SM. Urinary tract infections during pregnancy.Obstet 

Gynecol Clin North Am 2001; 28(3):581–91. 

23. Schaeffer AJ. Infections of the urinary tract. In: Walsh PC, Retia AB, Vaughan   

ED Jr, et al, editors. Campbell’s Urology. 8thedition. Philadelphia: WB Saunders; 

2002. p. 516–602. 

24. Schaeffer AJ. Infections of the urinary tract. In: Walsh PC, Retik AB, Vaughan 

ED Jr, et al, editors. Campbell’s Urology. 8th edition. Philadelphia: WB Saunders; 

2002. p. 516–602. 

25. Gils trap LC 3rd, Ramin SM. Urinary tract infections during pregnancy. Obstet 

Gynecol Clin North Am 2001; 28(3):581–91. 

26. Cunningham FG, Morris GB, Mickal A. Acute pyelonephritis of pregnancy: a 

clinical review. Obstet Gynecol 1973; 42(1):112–7. 

27. Sanchez-Ramos L, McAlpine KJ, Adair CD, et al. Pyelonephritis in pregnancy: 

once-a-day ceftriaxone versus multiple doses of cefazolin. A randomized, double-

blind trial. Am J Obstet Gynecol 1995; 172(1 Pt. 1):129–33. 



37 
 

28. Faro S, Pastorek JG 2nd, Plauche WC, et al. Short course parenteral antibiotic 

therapy for pyelonephritis in pregnancy. South Med J 1984; 77(4): 455–7. 

29. Sandberg T, Bronson JE. Efficacy of long-term antimicrobial prophylaxis after 

acute pyelonephritis in pregnancy. Scand J Infect Dis 1991; 23(2):221–3.  

30. Gils trap LC, Leveno KJ, Cunningham FG, et al. Renal infection and pregnancy 

outcome. Am J Obstet Gynecol 1981; 141(6):709–16. 

31. Fox man B, Brown P. Epidemiology of urinary tract infections: Transmission and 

risk factors, incidence, and costs. Infectious Disease Clinics of North America.2003; 

17:227-24. 

32 Ruiz J, Simon K, Horcajada JP, Velasco M, Barranco M, Roig G, Moreno-

Martinez A, Martinez JA, Jimenez de Anta T, Mensa J, Vila J. Differences in 

virulence factors among clinical isolates of Escherichia coli causing cystitis and 

pyelonephritis in women and prostatitis in men. Journal of Clinical Microbiology. 

2002; 40; 445-4449 

33. Zhang L, Foxman B. Molecular epidemiology of Escherichia coli mediated urinary 

tract infections. Frontiers in Bioscience. 2003; 8:e235–e244 

34. Johnson JR, Kuskowski MA, O'Bryan TT, Colodner R, Raz R. Virulence 

genotype and phylogenetic origin about antibiotic resistance profile among 

Escherichia coli urine sample isolates from Israeli women with acute uncomplicated 

cystitis.  Antimicrobial Agents and Chemotherapy.  2005; 49:26-31. 

35. Lip sky BA. Urinary tract infections in men. Epidemiology, pathophysiology, 

diagnosis, and treatment. Annals of Internal Medicine. 1989; 110:138-150 

36. Gupta K, Stamm WE. Urinary tract infections. In: Dale DC, Federman DD, 

editors. ACP Medicine. New York: WebMD; 2005. Section 7, chap. 23 

37. Ovalle A, Levancini M. Urinary tract infections in pregnancy. Current Opinion in 

Urology. 2001; 11:55-59 

38. Schlager TA. Urinary tract infections in children younger than 5 years of age: 

Epidemiology, diagnosis, treatment, outcomes, and prevention.Pediatric Drugs.  

39. Chen M, Jahnukainen T, Bao W, Dare E, Ceccarelli S, Celsi G. Uropathogenic 

Escherichia coli toxins induce caspase-independent apoptosis in renal proximal 

tubules via ERK signalling. American Journal of Nephrology. 

40. Scholes D, Hooton TM, Roberts PL, Stapleton AE, Gupta K, Stamm WE. Risk 

factors for recurrent urinary tract infection in young women. The Journal of Infectious 

Diseases. 2000; 182:1177-1182 



38 
 

41. Eto DS, Jones TA, Sundsbak JL, Mulvey MA. Integrin-mediated host cell 

invasion by type-1piliated Uropathogenic E. coli. PLoS Pathogens. 2007; 3:e100, 

0949-096. 

42. Moreno E, Andreu A, Perez T, Sabate M, Johnson JR, and Prats G. Relationship 

between Escherichia coli strains causing urinary tract infection in women and the 

dominant fecal flora of the same hosts. Epidemiology and Infection 

43. Mange’s AR, Johnson JR, Foxman B, O’Bryan TT, Fullerton KE, Riley LW. 

Widespread distribution of urinary tract infections caused by a multidrug-resistant 

Escherichia coli clonal group. The New England Journal of Medicine. 

44. Pit out JD, Greg son DB, Church DL, Elsayed S, Lampland KB. Community-wide 

outbreaks of clonally related CTX-M-14 beta-lactamase-producing Escherichia coli 

strains in the Calgary health region. Journal of Clinical Microbiology.     

45. Svanborg C, Bergsten G, Fischer H, et al. Uropathogenic Escherichia coli as a 

model of host-parasite interaction. Current Opinion in Microbiology. 2005; 9:33-39.    

46. Foxman, B. (2014).Urinary tract infection syndromes occurrence, recurrence, 

bacteriology, risk factors, and disease burden. Infect. Dis. Clin. North Am. 28, 

47.  Hannan, T. J., Totsika, M., Mansfield, K. J., Moore, K. H., Schembri, M. A., and 

Hultgren, S. J. (2012). Host-pathogen checkpoints and population bottlenecks in 

persistent and intracellular Uropathogenic Escherichia coli bladder infection. FEMS 

Microbiology. 

48. Parish, A., and Holliday, K. (2012). Long-term care-acquired urinary tract 

infections’ antibiotic resistance patterns and empiric therapy: a pilot study. Great. 

Nurs. 33, 473–478. 

49. Dhaka, B. K., Kulesus, R. R., and Mulvey, M. A. (2008). Mechanisms and 

consequences of bladder cell invasion by Uropathogenic Escherichia coli. Eur. J. 

Clin. Invest. 38, 2–11. DOI: 10.1111/j.1365-2362.2008.01986. 

50. Klemm, P., Vyborg, R. M., and Hancock, V. (2010). Prevention of bacterial 

adhesion. Appl. Microbial. Biotechnology. 88, 451–459. DOI: 10.1007/s00253-010-

2805-y 

51. Eto, D. S., Jones, T. A., Sundsbak, J. L., and Mulvey, M. A. (2007). Integrin-

mediated host cell invasion by type 1-piliated Uropathogenic Escherichia coli. PLoS 

Pathogen. 3:e100 

52. Schiwon, M., Weisheit, C., Franken, L., Gutweiler, S., Dixit, A., Meyer-

Schlesinger, C., et al. (2014). Crosstalk between sentinel and helper macrophages 

permits neutrophil migration into infected uroepithelium. 



39 
 

53. Chapman, M. R., Robinson, L. S., Pinker, J. S., Roth, R., He user, J., Hammer, 

M., et al. (2002). Role of Escherichia coli curli operons in directing amyloid fiber 

formation   

54. Wright, K. J., Seed, P. C., and Hultgren, S. J. (2005). Uropathogenic Escherichia 

coli flagella aid in efficient urinary tract colonization. Infect. Immun. 73, 7657–7668. 

DOI: 10.1128/IAI.73.11.7657-7668.2005 

55. Giron, J. A., Torres, A. G., Freer, E., and Kaper, J. B. (2002). The flagella of 

enter pathogenic Escherichia coli mediate adherence to epithelial cells. Mol. 

Microbial. 44, 361–379. 

56. Pratt, L. A., and Kolter, R. (1998). Genetic analysis of Escherichia coli biofilm 

formation: roles of flagella, motility, and chemo taxi, and type I pili. Mol. Microbial. 30, 

285–293.  

57. Skaar, E. P. (2010). The battle for iron between bacterial pathogens and their 

vertebrate hosts. PLoS Pathogen. 6:e1000949 

58. Reigstad, C. S., Hultgren, S. J., and Gordon, J. I. (2007). Functional genomic 

studies of Uropathogenic Escherichia coli and host urothelium cells when 

intracellular bacterial communities are assembled. J. Biol. Chem. 

59. O’Brien, V. P., Hannan, T. J., Nielsen, H. V., and Hultgren, S. J. (2016). Drug 

and vaccine development for the treatment and prevention of urinary tract infections. 

Microbial. Spectre. 

60. Stock, A. M., Robinson, V. L., and Goudreau, P. N. (2000). Two component 

signal transduction. Annu. Rev. Biochemist. 

61. Lo, A. W., Muriel, D. G., Phan, M. D., Schulz, B. L., Kidd, T. J., Beaton, S. A., et 

al. (2017). ‘Omic’ approaches to study Uropathogenic Escherichia coli virulence. 

Trends Microbial. doi: 10.1016/j.tim.2017.04.006 

62. Mavromatis, C. H., Bokil, N. J., Totsika, M., Kakkanat, A., Schaale, K., 

Cannistraci, C. V., et al. (2015). The co-transcriptase of Uropathogenic Escherichia 

coli-infected mouse macrophages reveals new insights into host-pathogen 

interactions. Cell. 

63. Wurpel, D. J., Moriel, D. G., Totsika, M., Easton, D. M., and Schembri, M. A. 

(2015). Comparative analysis of the Uropathogenic Escherichia coli surface 

proteome by tandem mass-spectrometry of artificially induced outer membrane 

vesicles. J. Proteomics. 

64. Wurpel, D. J., Totsika, M., Allsopp, L. P., Webb, R. I., Moriel, D. G., and 

Schembri, M. A. (2016). Comparative proteomics of Uropathogenic Escherichia coli 

during growth in human urine identify UCA-like (UCL) fimbriae as an adherence 



40 
 

factor involved in biofilm formation and binding to uroepithelial cells. J. Proteomics 

131, 177–189. 

65. Floyd, K. A., Moore, J. L., Eberly, A. R., Good, J. A., Shaffer, C. L., Zaver, H., et 

al. (2015). Adhesive fiber stratification in Uropathogenic Escherichia coli biofilms 

unveils oxygen-mediated control of type 1 pili. PLoS Pat hog. 11:e1004697. DOI: 

10.1371/journal.pp.1004697. 

66. Mobley HL, Island MD, Massad G. Virulence determinants of Uropathogenic 

Escherichia coli and Proteus mirabilis. Kidney International Supplements. 1994; 

47:S129-S136 

67. Johnson JR. Virulence factors in Escherichia coli urinary tract infection. Clinical 

Microbiology Reviews. 1991; 4:80-12 

68. Kuehn MJ, Heuser J, Norm ark S, Hultgren SJ. P pili in Uropathogenic E. coli are 

composite fibers with distinct fibrillar adhesive tips. 

69. Antao E, Wieler LH, Ewers C. Adhesive threads of extra intestinal pathogenic 

Escherichia coli. A review. Gut Pathogens. 2009; 1:22 

70. Lane MC, Mobley HL. Role of P-fimbrial-mediated adherence in pyelonephritis 

and persistence of Uropathogenic Escherichia coli (UPEC) in the mammalian kidney. 

Kidney International. 

71. Asadi Karam MR, Oloomi M, Mahdavi M, Habibi M, Bouzari S. Vaccination with 

recombinant FimH fused with flagellin enhances cellular and hum oral immunity 

against urinary tract infection in mice. Vaccine. 

72. Savar NS, et al. In silicon and in vivo studies of truncated forms of flagellin (FliC) 

of enter aggregative Escherichia coli fused to FimH from Uropathogenic Escherichia 

coli as a vaccine candidate against urinary tract infections. J Biotechnol. 2014; 

175:31–37. 

73. Flores-Mireles AL, Pinkner JS, Caparon MG, Hultgren SJ. EbpA vaccine 

antibodies block the binding of Enterococcus faecalis to fibrinogen to prevent 

catheter-associated bladder infection in mice. Sci Transl Med. 2014; 6:254ra127. 

This is the first study to dissect the mechanism of E. faecalis infection during a 

CAUTI; this work led to the development of a vaccine that prevents infection in a 

mouse model of a CAUTI. 

74. Li X, et al. Use of translational fusion of the MrpH fimbrial adhesin-binding 

domain with the cholera toxin A2 domain, expressed with the cholera toxin B subunit, 

as an intranasal vaccine to prevent experimental urinary tract infection by Proteus 

mirabilis. Infect Immun. 2004; 

75. Langermann S, et al. Prevention of mucosal Escherichia coli infection by FimH-

adhesin-based systemic vaccination. Science. 1997; 276:607–611. This pivotal study 



41 
 

shows that blocking the interaction between the bacterial adhesin and the host 

receptor through vaccination can prevent UTIs in mice. 

76. Sivick KE, Mobley HL. Waging war against Uropathogenic Escherichia coli: 

winning back the urinary tract. Infect Immun. 

77. O’Hanley P, Lalonde G, Ji G. Alpha-haemolysin contributes to the pathogenicity 

of piliated galactoside-binding Escherichia coli in the kidney: efficacy of an α-

haemolysin vaccine in preventing renal injury in the BALB/c mouse model of 

pyelonephritis. Infect Immun. 

78. Alamuri P, Eaton KA, Himpsl SD, Smith SN, Mobley HL. Vaccination with 

protease toxic agglutinin, a haemolysin-independent cytotoxic in vivo, protects 

against Proteus mirabilis urinary tract infection. Infect Immun. 

79. Andrews SC, Robinson AK, Rodríguez-Quinone’s F. Bacterial iron homeostasis. 

FEMS Microbiology Reviews. 2003; 27:215-237 

80. Bagg A, Neil and JB. Ferric uptake regulation protein acts as a repressor, 

employing iron (II) as a cofactor to bind the operator of an iron transport operon in 

Escherichia coli. Biochemistry. 1987; 26:5471-547 

81. Russo TA, Carlino UB, Johnson JR. Identification of area, a novel iron-regulated 

virulence gene in an extra intestinal pathogenic isolate of Escherichia coli. Infection 

and Immunity. 2001; 69:6209-6216 

82. Garcia EC, Brumbaugh AR, Mobley HLT. Redundancy and specificity of 

Escherichia coli iron acquisition systems during urinary tract infection. Infection and 

Immunity. 

83. Zhang L, Foxman B. Molecular epidemiology of Escherichia coli mediated urinary 

tract infections. Frontiers in Bioscience. 2003; 8:e235–e244 

84. Schubert S, Rakin A, Heesenman J. The Yersinia high-pathogenicity island 

(HPI). Evolutionary and functional aspects. International Journal of Medical 

Microbiology. 

85. Hancock V, Ferrier’s L, Klemm P. The ferric yersiniabactin uptake receptor fyuA 

is required for efficient biofilm formation by urinary tract infections Escherichia coli in 

human urine. Microbiology. 2008; 154:167-175 

86. Schubert S, Picard B, Gouriou AS, Heesenman J, Denamur E. Yersinia high-

pathogenicity island contributes to virulence in Escherichia coli causing extra 

intestinal infections. Infection and Immunity. 2002;  

87. De Lorenzo V, Bindereif A, Paw BH, Neilands JB. Aerobactin biosynthesis and 

transport genes of plasmid Co1V-K30 in Escherichia coli K-1. Journal of 

Bacteriology. 1986; 165:570-578 



42 
 

88. Jacobson SH, Hammarlund M, Lidefeldt KJ, Osterberg E, Tulu’s K, Brauner A. 

Incidence of aerobactin-positive Escherichia coli strains in patients with symptomatic 

urinary tract infection. European Journal of Clinical Microbiology and Infectious 

Diseases. 

89. Colonna B, Nicolette M, Visca P, Casalino M, Valenti P, Maimone F. Composite 

IS1 elements encoding hydroxamate-mediated iron uptake in FIme plasmids from 

epidemic Salmonella spp. Journal of Bacteriology. 1985 

90. Phillips I, Eykyn S, King A, Gransden WR, Rowe B, Frost JA, Gross RJ. 

Epidemic multi resistant Escherichia coli infection in West Lambeth Health 

District.Lancet.1988.7:1038-1041. 

91. Hantke K, Nicholson G, Rabsch W, Winkelmann G. Salmochelins, siderophores 

of Salmonella enteric a and Uropathogenic Escherichia coli strains, are recognized 

by the outer membrane receptor iroN. Proceedings of the National Academy of 

Sciences of the United States of America. 2002; 100:3677-3682 

92. Negre VL, Bonacorsi S, Schubert S, Bidet P, Nassif X, Bingen E. The 

siderophore receptor iroN but not the high-pathogenicity island or the hem in 

receptor Chua contributes to the bacteremic step of Escherichia coli neonatal 

meningitis. Infection and Immunity. 

93. Bauer R, Zhang L, Foxman B, Siitonen A, Jantunen M, Saxen H, Marrs C. 

Molecular epidemiology of 3 putative virulence genes for Escherichia coli urinary 

tract infection-up, iha, and iroN(E. coli). Journal of Infectious Diseases. 2002; 

185:1521-1524 

94. Kai-Larsen Y, Luthje P, Chrome M, et al. Uropathogenic Escherichia coli 

modulates immune responses, and its curli fimbriae interact with the antimicrobial 

peptide LL-37. PLoS Pathogens. 201095. 

95. Kostakioti M, Hadjifrangiskou M, Hultgren SL. Bacterial biofilms: development, 

dispersal, and therapeutic strategies in the dawn of the post-antibiotic era. Cold 

Spring Harbor Perspectives in Medicine. 2013; 3:a010306 

96. De la Fuente-Núñez C, Reffuveille F, Fernandez L, Hancock RE. Bacterial 

biofilm development as a multicellular adaptation: antibiotic resistance and new 

therapeutic strategies. Current Opinion in Microbiology. 2013; 16:580-589 

97. Ben Nasr, A., A. Olsen, U. Sjobring, W. Muller-Esters, and L. Bjork. 1996. 

Assembly of human contact phase proteins and release of bradykinin at the surface 

of curli-expressing Escherichia coli. Mol. Microbial. 

98. Hammar, M., Z. Bian, and S. Normark. 1996. Nucleator-dependent intercellular 

assembly of adhesive curli organelles in Escherichia coli. Proc. Natl. Acad. Sci. USA 

93:6562–6566. 



43 
 

99. Loferer, H., M. Hammar, and S. Normark. 1997. Availability of the fiber subunit 

CsgA and the nucleator protein CsgB during assembly of fibronectin-binding curli is 

limited by the intracellular concentration of the novel lipoprotein CsgG. Mol. 

Microbial. 

100. Antao E, Wieler LH, Ewers C. Adhesive threads of extra intestinal pathogenic 

Escherichia coli. A review. Gut Pathogens. 

101. Hancock V, Ferrier’s L, Klemm P. The ferric yersiniabactin uptake receptor fyuA 

is required for efficient biofilm formation by urinary tract infections Escherichia coli in 

human urine. Microbiology. 2008; 154:167-175 

102. Luther P, Brauner A. Ag43 promotes persistence of Uropathogenic Escherichia 

coli isolates in the urinary tract. Journal of Clinical Microbiology. 

103. Bailey JK, Piny on JL, Ananthan S, Hall RM. Distribution of human commensal 

Escherichia coli phylogenetic groups. Journal of Clinical Microbiology. 

104. Johnson JR, Russo TA. Extra intestinal pathogenic Escherichia coli: “The other 

bad E. coli.” Journal of Clinical Medicine. 2002; 139:155-162 

105. Moreno E, Andreu A, Pigrau C, Kuskowski MA, Johnson JR, Prats G. 

Relationship between Escherichia coli strains causing acute cystitis in women and 

the fecal E. coli population of the host. Journal of Clinical Microbiology. 2008; 

46:2529-2534 

106. ] Ruiz J, Simon K, Horcajada JP, Velasco M, Barranco M, Roig G, Moreno-

Martinez A, Martinez JA, Jimenez de Anta T, Mensa J, Vila J. Differences in 

virulence factors among clinical isolates of Escherichia coli causing cystitis and 

pyelonephritis in women and prostatitis in men. Journal of Clinical Microbiology. 

107. Johnson JR, Kuskowski MA, Gajewski A, et al. Extended virulence genotypes 

and phylogenetic background of Escherichia coli isolates from patients with cystitis, 

pyelonephritis, or prostatitis. The Journal of Infectious Diseases. 

108. Johnson JR, Russo TA. Molecular epidemiology of extra-intestinal pathogenic 

(Uropathogenic) Escherichia coli. A review. The Indian Journal of Medical 

Microbiology. 2005; 295:383-40 

109. Johnson JR. Microbial virulence determinants and the pathogenesis of urinary 

tract infection. Infectious Disease Clinics of North America. 2003; 17:261-278 

110. Kudinha T, Johnson JR, Andrew SD, Kong F, Anderson P, Gilbert GL. 

Distribution of phylogenetic groups, sequence type ST131, and virulence-associated 

traits among Escherichia coli isolates from men with pyelonephritis or cystitis and 

healthy controls. Clinical Microbiology and Infection. 



44 
 

111. Piatti G, Mannini A, Balistreri M, and Schito AM. Virulence factors in urinary 

Escherichia coli strains: Phylogenetic background and quinolone and 

fluoroquinolones resistance. Journal of Clinical Microbiology. 

112. Kudinha T, Johnson JR, Andrew SD, Kong F, Anderson P, Gilbert GL. 

Genotypic and phenotypic characterization of Escherichia coli isolates from children 

with urinary tract infection and healthy carriers. The Paediatric Infectious Disease 

Journal. 

113. Johnson JR, Delavari P, Kuskowski MA, Stell AL. Phylogenetic distribution of 

extra intestinal virulence-associated traits in Escherichia coli. The Journal of 

Infectious Diseases. 2001 

114. Johnson JR, Stell AL. Extended virulence genotypes of Escherichia coli strains 

from patients with urosepsis about phylogeny and host compromise. The Journal of 

Infectious Diseases. 

115. Escobar-Páramo P, Clermont O, Blanc-Potard AB, Bui H, Le Bouguénec C, 

Denamur E. A specific genetic background is required for the acquisition and 

expression of virulence factors in Escherichia coli. Molecular Biology and Evolution. 

2004; 21:1085-1094 

116. Dobrindt U, Blum-Oehler G, Hartsch T, and et al. S-fimbria-encoding 

determinant sfa1 is located on Pathogenicity Island III536 of Uropathogenic 

Escherichia coli strain 536. Infection and Immunity. 

117. Hacker J, Kaper JB. Pathogenicity islands and the evolution of microbes. 

Annual  

Review of Microbiology. 

118. Barber AE, Norton JP, Spivak AM, and Mulvey MA. Urinary tract infections: 

Current and emerging management strategies. Clinical Infectious Diseases. 2013; 

119. Wong-Be ringer A, Hindler J, Loeff M, et al. Molecular correlation for the 

treatment outcomes in bloodstream infections caused by Escherichia coli and 

Klebsiella pneumonia with reduced susceptibility to ceftazidime. Clinical Infectious 

Diseases. 2002. 

120. Foxman B. Epidemiology of urinary tract infections: Incidence, morbidity, and 

economic costs. American Journal of Medicine. 2002. 

121. Gupta K, Hooton TM, Stamm WE. Increasing antimicrobial resistance and the 

management of uncomplicated community-acquired urinary tract infection. Annals of 

Internal Medicine. 2001. 



45 
 

122. McOsker CC, Fitzpatrick PM. Nitrofurantoin: mechanism of action and 

implications for resistance development in common uropathogen. J Antimicrob 

Chemother 1994. 

123. Drew’s SJ, Putamen SM, Mazzulli T, et al. Decreased prevalence of virulence 

factors among ciprofloxacin-resistant Uropathogenic Escherichia coli isolates. 

Journal of Clinical Microbiology. 2005. 

124. Ugbogu O, Ogbonnaya R, Nworie O. Asymptomatic bacteriuria among pregnant 

women in Aba. Nigeria Journal of Microbiology. 2010; 24:2024‒2027. 

125. emedicine.medscape.com/article/452604 

126.Chakupurakal R, Ahmed M, Sobithadevi DN, et al. Urinary tract pathogens, and 

resistance pattern. J Clin Pathol. 2010; 63(7):652‒654. 

127. Mittal P, Wing DA. Urinary tract infections in pregnancy. Clin Perinatal. 2005; 

32(3):749‒764. 

128.  King Ham RB. Asymptomatic bacteriuria in pregnancy. Am FAM Physician. 

129. Turck M, Goffer BS, Petersdorf RG. Bacteriuria of pregnancy. Relation to 

socioeconomic factors. N Engl J Med 

130.Golan A, Wexler S, Amit A, et al. Asymptomatic bacteriuria in normal and high-

risk pregnancy. Eur J Obstet Gynecol Reprod Biol. 

131. Hill JB, Sheffield JS, McIntire DD, et al. Acute pyelonephritis in pregnancy. 

Obstet Gynecol. 2005 

132. 0. Sharma P, Thapa L. Acute pyelonephritis in pregnancy: a retrospective 

study. Aust N  

133. Eisenstein BI, Jones GW. The spectrum of infections and pathogenic 

mechanisms of Escherichia coli. Adv. Intern Med. 

134.. http://www.webmd.boots.com/pregnancy/guide/preterm-labourpremature-birth. 

135. Lentz GM. Urinary Tract Infections in Obstetrics and Gynaecology. In Global 

Library of Women’s medicine. University of Washington, Washington, USA; 2009. 

136. Kurewa NE, Mapingure MP, Munjoma MW, et al. The burden and risk factors of 

Sexually Transmitted Infections and Reproductive Tract Infections among pregnant 

women in Zimbabwe. BMC Infect Dis. 

137. Shittu AO, Okon K, Adesida S, et al. Antibiotic resistance and molecular 

epidemiology of Staphylococcus aureus in Nigeria. BMC Microbial. 



46 
 

138. Watkins RR, David MZ, Salata RA. Current concepts on the virulence 

mechanisms of methicillin-resistant Staphylococcus aureus. J Med Microbial. 2012; 

61(Pt. 9):1179‒1193. 

139. Cheung GY, Otto M. Understanding the significance of Staphylococcus 

epidermis bacteraemia in babies and children. Curr Opin Infect Dis. 2010; 

23(3):208‒216. 

140. Plat ell JL, Cob bold RN, Johnson JR, et al. Commonality among 

fluoroquinolones-resistant sequence type ST131 extra-intestinal Escherichia coli 

isolates from humans and companion animals in Australia. Antimicrobial Agents and 

Chemotherapy. 

141. Rogers BA, Sidjabat HE, Paterson DL. Escherichia coli O25b-ST131: A 

pandemic, multiresistant, community-associated strain. Journal of Antimicrobial 

Chemotherapy. 2011; 66:1-14 

142. Johnson JR, Menard M, Johnston B, Kuskowski MA, Nichol K, Zhanel GG. 

Epidemic clonal groups of Escherichia coli as a cause of antimicrobial-resistant 

urinary tract infections in Canada, 2002-2004. Journal of Antimicrobial 

Chemotherapy. 2009. 

143. Cheng MF, Chen WL, Hung WY, et al. Emergence of extended-spectrum-

lactamase producing Escherichia coli O25b-ST131: A major community-acquired 

uropathogen in infants. The Pediatric Infectious Disease. 2015. 

144. Lavigne J-P, Vergunst A, Goret L. Virulence potential and genomic mapping of 

the worldwide clone Escherichia coli ST131. PLoS One. 2012; 7:e34294 

145.  Zhong YM, Liu WE, Liang XH, Li YM, Jain ZJ, Hawkeye PM. Emergence and 

spread of O16-ST131 and O25b-ST131 clones among fecal CTX-M-producing 

Escherichia coli in healthy individuals in Hunan Province, China. Journal of 

Antimicrobial Chemotherapy. 

146. Uchida Y, Mochiman T, Morokuma Y, et al. Clonal spread in Eastern Asia of 

ciprofloxacin-resistant Escherichia coli serogroup O25 strains, and associated 

virulence factors. International Journal of Antimicrobial Agents. 


	1. starting pages
	2. REview uti



