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Preface 
 

Urinary tract infections (UTIs) are among the most common bacterial infections 
worldwide, with enormous financial implications. About 50 % of women will 
experience at least one UTI episode during their lifetime, and there are about 7 million 
out of office visits and 1 million emergency department visits due to UTI in the USA 
alone, resulting in 100 000 hospital admissions annually. UTIs are also the leading 
cause of hospital-acquired infections, being responsible for 40% of all such cases, 
causing a substantial burden of expenses with significant consequences to morbidity 
and mortality. Therefore, the appropriate management of UTIs is a major medical and 
financial issue. The aim of this book is to give a summary about the different aspects of 
the diagnosis, management and prevention of urinary tract infections for all medical 
disciplines. 

This book contains three main sections. In the first section the authors cover the 
different clinical manifestations of UTI, with special emphasis on some hard-to-treat 
diseases, such as recurrent UTIs, prostatitis or complicated upper UTIs. The authors 
also cover special conditions in respect to treatment, such as asymptomatic bacteriuria 
or pregnancy, and special patient groups, such as acute care settings or psychiatric 
patients. 

The traditional treatment for UTIs is antibiotic therapy. Since the rate of bacterial 
resistance to antibiotics increases worldwide, the up-to-date knowledge about 
antibiotic resistance is an issue of growing importance. The second section deals with 
antibiotics and the available alternative strategies for the prevention and treatment of 
UTIs. 

The third section deals with urinary tract infections in children, with emphasis on 
some special issues, such as the debates on the management of paediatric UTIs and 
acute lobar nephronia. 

 
Dr. Peter Tenke 

Department of Urology 
Jahn Ferenc South Pest Hospital 

Budapest,  
Hungary  
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A Review of Uncomplicated  
Urinary Tract Infections 
Tze Shien Lo1,3 and Augusto Alonto2,3 

1Veterans Affairs Medical Center and   
2Sanford Health Organization 

3University of North Dakota School of Medicine & Health Sciences 
Fargo, North Dakota, 

United States of America 

1. Introduction 
Urinary tract infections (UTIs) can be classified as either uncomplicated or complicated.  
Uncomplicated UTIs occur mostly in young women who are sexually active and who have 
normal genitourinary anatomy. These patients usually have had no previous risk factors 
otherwise, and no previous surgeries or manipulation of the genital tract.  This chapter will 
discuss the epidemiology, pathogenesis, infecting organisms, clinical manifestations, 
diagnosis, treatment, and prevention of uncomplicated UTIs. 

2. Epidemiology 
UTIs are one of the most common infections caused by bacteria.  UTIs account for more than 
8 million doctor’s visits each year in the U.S. These infections generate more than 3 million 
prescriptions, and costs an estimated $3.5 billion dollars annually to treat (University of 
Michigan Health System, 2010) 
UTIs occur more frequently in women than in men, and will occur in roughly half of women 
during their lifetime.  In men, decreased urinary flow from enlarged prostates increase the 
risk of infection. (University of Michigan Health System, 2010) 

3. Pathogenesis 

The urinary system includes the kidneys, ureters, bladder, and the urethra (Figure 1).  This 
system removes body waste; specifically, urea, from the blood. Urea is carried in the 
bloodstream to the kidneys. The kidneys extract urea from the blood through filtering units 
called nephrons. Urea, along with other waste products and water, forms the urine. Urine 
then passes through the kidneys, to the ureters. From the ureters, urine flows into the 
bladder. The bladder collects urine and, intermittently, it passes out of the bladder into the 
urethra, which is a tube that excretes urine from the body. 
Many different problems can occur within the urinary tract. Aging can decrease the action 
of muscles within the urinary system and decrease excretion of urine; therefore, urine may 
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back up and an infection can develop.  Injuries from trauma or surgery can also cause 
infection.  In addition, other illnesses and medical conditions can predispose decreased 
emptying of urine, which can then predispose to infection.  These illnesses include prostatic 
enlargement in elderly men, diabetes mellitus, nephrolithiasis (kidney stones), and other 
neurologic conditions that can also cause a neurogenic bladder.  Manipulation and 
instrumentation such as insertion of urinary catheters can cause UTIs. 
 

 
Fig. 1. Urinary System. 

Usually, the urinary tract is able to eliminate harmful bacteria.  High urine osmolarity and 
acidity inhibit the growth of most pathogens in the urine. However, these same 
characteristics can also decrease white blood cells’ effectiveness in clearing infection.  As 
such, these urinary characteristics, despite being a noxious environment for bacteria to 
thrive, can also lower resistance to infections by rendering white blood cells less effective. 
(Alonto, 2007) 
Bacteria can enter the urinary tract through two main routes: ascending route and 
hematogenous route. The most common way to develop UTI is via the ascending route.  
Bacteria can enter the urinary tract through the urethra.  From the urethra, bacteria can then 
ascend into the bladder, ureters, and kidneys.  Infection of the kidneys is called 
pyelonephritis. (Alonto, 2007) 
Hematogenous route of infection can occur in patients who have bacteremia from other foci 
of infection such as endocarditis.  The pathogenic bacteria that enter the blood stream can 
then infect the renal parenchyma, causing pyelonephritis, and even renal abscesses. 
UTIs are most commonly caused by bacteria that enter the bladder through the urethra.  The 
genitourinary anatomy of women predisposes them to UTIs.  Their urethras are shorter, and 
closer to the anus, providing easier access for fecal bacteria to enter the urethra. This is the 
major reason women experience infections significantly more frequently than men.   
Many other conditions can increase the chances of developing UTIs.  These conditions 
include menopause, diabetes, advanced age, kidney stones, pregnancy, and urinary tract 
instrumentation.  In men, prostatic hypertrophy blocks the flow of urine and, because of 
this, there is also increased chance of developing UTIs in men with this condition. 
Table 1 explains the most common terms used for urinary tract infections. 
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Urinary tract infection Microbial (bacterial, viral, fungal, etc.) infection 
that affects any part of the urinary tract 

Lower urinary tract infection Infection of either the bladder or the urethra. 

Upper urinary tract infection 
Although the upper urinary tract is composed of 
the kidneys and ureters,  upper urinary tract 
infection generally affects the kidneys  

Pyelonephritis Infection affecting the kidneys 
Cystitis Infection affecting the bladder 

Urethritis 
Infection affecting the urethra.  Common 
pathogens causing urethritis include Chlamydia 
trachomatis and Neisseria gonorrhoeae 

Cervicitis 

Infection affecting the cervix.  Mostly due to 
pathogens causing sexually transmitted diseases 
such as Chlamydia trachomatis and Neisseria 
gonorrhoeae 

Prostatitis Infection of the prostate 

Renal abscess 
Infection of the renal parenchyma which forms 
purulent collection within or around the renal 
parenchyma 

Bacteruria 

Presence of bacteria in the urine. Does not 
necessarily indicate presence of infection. Does 
not need to be treated in most instances, if patient 
is asymptomatic. 

Pyuria 
Presence of white blood cells in the urine.  
Indicates inflammation, not necessarily from 
infection. 

Table 1. Terms Used for Specific Urinary Tract Infections. 

4. Infecting organisms 
Uropathogens have characteristics that enable them to be successful in causing infections of 
the urinary tract. Adhesins enable the attachment to host membranes. Capsular 
polysaccharides, hemolysins, cytotoxic necrotizing factor (CNF) protein, and aerobactins are 
other factors that enable uropathogens to invade the urinary tract. Table 2 lists common 
virulence factors associated with pathogens causing UTIs. (Brusch, 2010) 
 

Virulence Factors 
Adherence 
Calculi formation 
Toxin production 
Lipopolysaccharides 
Capsular polysaccharide 
Hemolysins 
Biofilm 
Aerobactins 

Table 2. Virulence Factors in Uropathogens. 
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The most common pathogen causing UTIs is Escherichia coli (E. coli), causing 70-95% of 
urinary tract infections.  Other organisms that can be responsible for UTIs include Gram-
positive cocci, such as Staphylococcus saprophyticus and Enterococcus faecalis.  Other Gram-
negative organisms responsible for causing UTIs include Klebsiella species and Proteus 
species.  Hospitalized patients can develop complicated UTIs, and more common organisms 
isolated in these infections include Gram-negative organisms such as Pseudomonas 
aeruginosa, Enterobacter species, and Acinetobacter species; Gram-positive organisms 
including Staphylococcus aureus; and even yeast.  Table 3 lists organisms that can be seen in 
urinary tract infections. (Brusch, 2010) 
 

Pyelonephritis 

Gram-positive Bacteria 
Staphylococcus aureus 

Staphylococcus saprophyticus 
Gram-negative Bacteria 

Escherichia coli 
Klebsiella species 
Proteus species 

Pseudomonas aeruginosa 
Enterobacter species 

Cystitis 

Gram-negative Bacteria 
Escherichia coli 

Klebsiella species 
Proteus species 

Gram-positive Bacteria 
Staphylococcus saprophyticus 

Enterooccus species 
Staphylococcus aureus 

Urethritis 
Chlamydia trachomatis 
Neisseria gonorrhoeae 

Ureaplasma urealyticum 

Table 3. Organisms Associated with Urinary Tract Infections. 

5. Clinical manifestations 
The clinical manifestations of UTIs can vary significantly, especially in the extremes of age.  
UTIs in children can present with different symptoms.  Symptoms in children younger than 
2 years of age tend to be nonspecific, and can include fever, vomiting, and failure to thrive. 
In contrast, the elderly patient who has a UTI may be asymptomatic.  When symptoms are 
present, they can include abdominal pain or mental status changes.   
However, the classic symptoms of acute uncomplicated cystitis include dysuria, change in 
urinary frequency, urinary urgency, hematuria, and suprapubic pain.  Fever is usually 
absent in those with lower UTIs. 
In general, acute uncomplicated pyelonephritis classically presents with flank pain, 
abdominal pain, nausea, vomiting, fever, and costovertebral angle tenderness.  Symptoms of 
cystitis may or may not be present in those with pyelonephritis.  When present, these signs 
can occur 24-48 hours prior to appearance of symptoms of pyelonephritis.  Some patients 
with acute pyelonephritis can present with sepsis. 
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6. Diagnosis 
There are many different etiologies, both infectious and non-infectious, that can present 
with acute dysuria.  The differential diagnosis of acute dysuria may include pyelonephritis, 
cystitis, urethritis, infectious vaginitis, atrophic vaginitis, and interstitial cystitis.  A good 
history and physical examination usually gives the clinician enough information to make a 
correct diagnosis in most situations.   
 

Acute cystitis  
Acute pyelonephritis  

Urethritis  

 

Chlamydia trachomatis 
Neisseria gonorrhoeae 
Trichomonas vaginalis 

Candida albicans 
Herpes simplex virus 

Irritant urethritis 
Vaginitis  

 

Candida albicans 
Trichomonas vaginalis 
Bacterial vaginosis 
Atrophic vaginitis 

Interstitial cystitis  

Table 4. Differential Diagnoses of Acute Cystitis. 

The most valuable diagnostic test for UTI is a urine analysis.  The preferred definition of 
pyuria is at least 10 leukocytes/mm3 of midstream urine by counting changer.  Using this 
definition, the majority of patients with bacteruria will have pyuria as well.  Pyuria is 
present in almost all patients with acute cystitis.  If pyuria is not seen, an alternative cause 
for the patient’s symptoms will need to be considered. (Brusch, 2010) 
Urine dipstick is a rapid screening test for detecting pyuria, as it can detect the presence of 
leukocyte esterase.  The urine dipstick also detects nitrite, which signifies the presence of 
Enterobacteriaceae, bacteria which convert nitrite to nitrate. Although the nitrite test is a 
sensitive test for detecting Enterobacteriaceae, it may not detect other pathogens. (Brusch, 
2010) 
Urine in the bladder is sterile.  However, because the urethra is usually contaminated 
with bacteria, collected urine specimens are frequently not sterile. A midstream, clean-
voided urine, can separate contamination from urinary tract infection. Urine specimens 
from most patients with UTIs should have at least 105 bacteria/mL. Patients without 
infection should have less than 104 bacteria/mL. However, there are some patients  
with urinary infections that have fewer than 105 bacteria/mL in urine. (Sobel & Kaye,  
2005) 
The Infectious Diseases Society of America consensus definition of cystitis for use in 
antibiotic treatment studies is 103  bacteria/mL or more of an uropathogen, and for 
pyelonephritis 104  bacteria/mL.   
Acceptable methods for urine collection include midstream clean catch, catheterization, and 
suprapubic aspiration. (Sobel & Kaye, 2005) 
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can occur 24-48 hours prior to appearance of symptoms of pyelonephritis.  Some patients 
with acute pyelonephritis can present with sepsis. 

A Review of Uncomplicated Urinary Tract Infections 7

6. Diagnosis 
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Urine in the bladder is sterile.  However, because the urethra is usually contaminated 
with bacteria, collected urine specimens are frequently not sterile. A midstream, clean-
voided urine, can separate contamination from urinary tract infection. Urine specimens 
from most patients with UTIs should have at least 105 bacteria/mL. Patients without 
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7. Treatment 
Because overuse and abuse of antimicrobial agents has led to rapidly evolving resistance of 
pathogens to this precious class of medications, appropriate administration of antibiotics to 
treat UTIs cannot be overemphasized. Appropriate use of antibiotics include correct 
indications, correct choice of antibiotic(s) (according to local resistance data or culture data), 
and timely administration of the agent(s) with appropriate dosage and treatment duration.  

7.1 Asymptomatic bacteriuria (Alcaide & Lichtstein, 2004) 
This condition is defined by the presence of more than 105 bacteria/mL in the urine of a 
patient without urinary tract and/or constitutional symptoms. Antibiotic treatment for 
asymptomatic bacteriuria is not indicated unless the woman is pregnant or the patient is 
about to undergo a urologic procedure, e.g. cystoscopy. Prescribing antibiotics in patients 
with asymptomatic bacteriuria exposes them to potential adverse drug reactions, such as 
development of C. difficile infection and increased selective pressure leading to the 
development of antimicrobial resistance. Unfortunately, despite data not supporting the 
prescription of antibiotics to patients with asymptomatic bacteriuria, many clinicians 
administer antibiotics to this group of patients based on individual habit or convention 
rather than clinical evidence or guidelines.  

7.2 Acute uncomplicated cystitis (AUC) 
As described in the section “Infecting Organisms”, the most common etiologic agent of AUC 
is E. coli. Other common pathogens are S. saprophyticus, E. faecalis, Klebsiella species and 
Proteus species. The selection of antibiotics should target the above common pathogens.    
The following is a detailed description of commonly used antibiotics recommended for 
treating AUC (Mascaretti, 2003a; Dielubanza & Schaeffer, 2011; Gupta et al., 2011). 

7.2.1 Nitrofurantoin monohydrate/macrocrystals 
Nitrofurantoin is reduced by bacterial flavoproteins to highly reactive intermediates which 
are active in damaging the DNA of susceptible bacteria. Most stains of E. coli, S. 
saprophyticus and Enterococcus species are sensitive to nitrofurantoin. However, most species 
of Proteus and Klebsiella are less susceptible to this drug.  
Nitrofurantoin is indicated for the treatment of AUC only. Because it is eliminated without 
achieving antibacterial concentration in plasma or tissues, nitrofurantoin is not indicated for 
treating pyelonephritis. Because the rate of excretion of nitrofurantoin is linearly related to 
creatinine clearance, impaired renal function may decrease its efficacy and increase systemic 
toxicity of the drug (Petri, 2006).  
Common side effects of nitrofurantoin are nausea, vomiting and diarrhea. However, the 
macrocrystal form appears to have lower gastrointestinal adverse reactions. Insidious 
irreversible interstitial pulmonary fibrosis can develop in elderly taking nitrofurantoin 
chronically. Therefore, patients who are taking this drug long term should undergo 
pulmonary function tests and chest radiography periodically.   
Gupta et al. demonstrated that a 5-day course of nitrofurantoin is equivalent, clinically and 
microbiologically, to a 3-day course of trimethoprim-sulfamethoxazole (Gupta et al., 2007). 
The 2011 updated IDSA guidelines for uncomplicated urinary tract infection also 
recommended using nitrofurantoin monohydrate/macrocrystals 100 mg by mouth twice 
daily for 5 to 7 days (Gupta et al., 2011).   
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7.2.2 Trimethoprim/sulfamethoxazole (TMP/SMX) 
TMP/SMX inhibits bacterial DNA, RNA and protein synthesis by interfering with folic acid 
synthesis. TMP/SMX’s spectrum will cover E. coli and S. saprophyticus, the two most 
uropathogens in causing AUC. TMP/SMX has excellent tissue penetration, so it can be used 
to treat upper urinary tract infection, including uncomplicated pyelonephritis.  
Skin rash and gastrointestinal adverse reactions; including nausea, vomiting, and anorexia 
are the common side effects of TMP/SMX.  The dose should be reduced in patients with 
renal impairment. 
TMP/SMX 160/800mg (double strength tablets) by mouth twice daily for 3 days is the 
recommended regimen for empirical treatment of AUC, provided the local community 
resistance prevalence of common uropathogens to TMP/SMX is less than 20%.  

7.2.3 Fosfomycin trometamol 
Fosfomycin inhibits bacterial cell wall synthesis by irreversibly inactivating the enzyme 
pyruvoyl transferase, an enzyme crucial in the synthesis of cell walls by bacteria.  
Fosfomycin exhibits a broad spectrum of activity against Gram positive and gram negative 
bacteria including E. coli and P. mirabilis (Mascaretti, 2003b). 
Fosfomycin is well tolerated. Common side effects are headache, diarrhea and nausea.  
In a multicenter clinical trial comparing single-dose fosfomycin with a 7-day course of 
nitrofurantoin for the treatment of AUC in female patients, Stein showed that bacteriologic 
and clinical cure rates of a single 3-g dose of fosfomycin and 7-day course of nitrofurantoin 
were comparable (Stein, 1999). Minasssian et al. from The United Kingdom also 
demonstrated that a single dose of 3g of fosfomycin trometamol had a comparable 
microbiological cure rate and was similar to a 5-day course of trimethoprim (Minassian et 
al., 1998).   Fosfomycin is approved as a single dose of 3g powder mixed with water to treat 
AUC.  

7.2.4 Fluoroquinolones  
The fluoroquinolones inhibit relaxation of supercoiled DNA and cause breakage of DNA 
strands by inhibiting DNA gyrase and topoisomerase IV in susceptible bacteria.  
The fluoroquinolones that are commonly used to treat AUC are ciprofloxacin and 
levofloxacin. Both offer excellent coverage for Gram positive and Gram negative bacteria 
including Enterobacteriaceae. Common side effects of ciprofloxacin and levofloxacin are 
headache, nausea, diarrhea, abdominal pain and constipation. A rare complication may be 
Achilles tendon rupture in elderly patients.  
Arredondo-Garcia et al. conducted a randomized, multicenter, open-label, prospective 
study to compare the bacteriologic and clinical efficacy of  oral ciprofloxacin 250mg twice 
daily for 3 days vs oral trimethoprim/sulfamethoxazole 160/800mg twice daily for 7 days 
vs oral norfloxacin 400mg twice daily for 7 days for treatment of AUC. The authors were 
able to show that a 3-day regimen of oral ciprofloxacin was clinically and bacteriologically at 
least as effective as a 7-day course of TMP-SMX and norfloxacin (Arredondo-Garcia et al., 
2004).  The empirical regimen of oral ciprofloxacin and oral  levofloxacin for treating AUC is 
250 mg twice daily for 3 days and 250 mg once a day for 3 days, respectively.  

7.2.5 β-lactam agents 
β-lactam agents that can be used to treat AUC include amoxicillin-clavulanate and oral 
second and third generation cephalosporins. Only amoxicillin-clavulanate will be described 
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7.2.2 Trimethoprim/sulfamethoxazole (TMP/SMX) 
TMP/SMX inhibits bacterial DNA, RNA and protein synthesis by interfering with folic acid 
synthesis. TMP/SMX’s spectrum will cover E. coli and S. saprophyticus, the two most 
uropathogens in causing AUC. TMP/SMX has excellent tissue penetration, so it can be used 
to treat upper urinary tract infection, including uncomplicated pyelonephritis.  
Skin rash and gastrointestinal adverse reactions; including nausea, vomiting, and anorexia 
are the common side effects of TMP/SMX.  The dose should be reduced in patients with 
renal impairment. 
TMP/SMX 160/800mg (double strength tablets) by mouth twice daily for 3 days is the 
recommended regimen for empirical treatment of AUC, provided the local community 
resistance prevalence of common uropathogens to TMP/SMX is less than 20%.  

7.2.3 Fosfomycin trometamol 
Fosfomycin inhibits bacterial cell wall synthesis by irreversibly inactivating the enzyme 
pyruvoyl transferase, an enzyme crucial in the synthesis of cell walls by bacteria.  
Fosfomycin exhibits a broad spectrum of activity against Gram positive and gram negative 
bacteria including E. coli and P. mirabilis (Mascaretti, 2003b). 
Fosfomycin is well tolerated. Common side effects are headache, diarrhea and nausea.  
In a multicenter clinical trial comparing single-dose fosfomycin with a 7-day course of 
nitrofurantoin for the treatment of AUC in female patients, Stein showed that bacteriologic 
and clinical cure rates of a single 3-g dose of fosfomycin and 7-day course of nitrofurantoin 
were comparable (Stein, 1999). Minasssian et al. from The United Kingdom also 
demonstrated that a single dose of 3g of fosfomycin trometamol had a comparable 
microbiological cure rate and was similar to a 5-day course of trimethoprim (Minassian et 
al., 1998).   Fosfomycin is approved as a single dose of 3g powder mixed with water to treat 
AUC.  

7.2.4 Fluoroquinolones  
The fluoroquinolones inhibit relaxation of supercoiled DNA and cause breakage of DNA 
strands by inhibiting DNA gyrase and topoisomerase IV in susceptible bacteria.  
The fluoroquinolones that are commonly used to treat AUC are ciprofloxacin and 
levofloxacin. Both offer excellent coverage for Gram positive and Gram negative bacteria 
including Enterobacteriaceae. Common side effects of ciprofloxacin and levofloxacin are 
headache, nausea, diarrhea, abdominal pain and constipation. A rare complication may be 
Achilles tendon rupture in elderly patients.  
Arredondo-Garcia et al. conducted a randomized, multicenter, open-label, prospective 
study to compare the bacteriologic and clinical efficacy of  oral ciprofloxacin 250mg twice 
daily for 3 days vs oral trimethoprim/sulfamethoxazole 160/800mg twice daily for 7 days 
vs oral norfloxacin 400mg twice daily for 7 days for treatment of AUC. The authors were 
able to show that a 3-day regimen of oral ciprofloxacin was clinically and bacteriologically at 
least as effective as a 7-day course of TMP-SMX and norfloxacin (Arredondo-Garcia et al., 
2004).  The empirical regimen of oral ciprofloxacin and oral  levofloxacin for treating AUC is 
250 mg twice daily for 3 days and 250 mg once a day for 3 days, respectively.  

7.2.5 β-lactam agents 
β-lactam agents that can be used to treat AUC include amoxicillin-clavulanate and oral 
second and third generation cephalosporins. Only amoxicillin-clavulanate will be described 
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in this chapter.  Amoxicillin inhibits bacterial cell wall synthesis by binding to the penicillin-
binding proteins. Clavulanate inhibits β-lactamases that inactivate amoxicillin.  
Amoxicillin-clavulanate has a broad spectrum which covers Gram positive bacteria, 
including S. saprophyticus; and Gram negative bacteria, including E. coli and P. mirabilis. 
Most common side effects of amoxicillin-clavulanate are diarrhea, nausea, vomiting and 
skin rash. Serious side effects include C. difficile colitis and Stevens-Johnson syndrome.   
In a randomized, single-blind treatment trial of 370 women with AUC with either a 3-day 
regimen of amoxicillin-clavulanate vs a 3-day regimen of oral ciprofloxacin, Hooton et al. 
demonstrated that the former was not as effective as the latter for the treatment of AUC 
(Hooton et al., 2005). Therefore, the recommended empirical regimen for treating AUC with 
amoxicillin-clavulanate is 500/125 mg by mouth three times a day for a range of 3 to 5 days. 

7.3 Infectious Disease Society of America (IDSA) guidelines for treatment of 
uncomplicated urinary tract infections 
The 2010 updated International Clinical Practice Guidelines for the treatment of acute 
uncomplicated cystitis (AUC) and pyelonephritis in women was published in the March 1, 
2011 issue of Clinical Infectious Disease (Gupta et al., 2011). These guidelines were also 
endorsed by the European Society for Microbiology and Infectious Diseases. Table 5 
summarizes the treatment guidelines for acute uncomplicated cystitis. Table 6 indicates the 
retail price of antibiotics used in treating AUC. 
 

AGENT DOSE DURATION 
Nitrofurantoin monohydrate 100 mg BID 5 – 7 days 
Nitrofurantoin macrocrystal 100 mg BID 5 – 7 days 

Trimethoprim-
sulfamethoxazole 160/800 mg BID 3 days 

Fosfomycin trometamol 3 g Single dose sachet 
Fluoroquinolones Dose varies by agent 3-day regimen 

Β-lactams Dose varies by agent 3-5 day regimen 
Table 5. Treatment guidelines for urinary tract infections published in 2010 by The 
Infectious Disease Society of America. 

 
Antibiotic Retail Price 

Nitrofurantoin monohydrate (100 mg twice daily ) $13.50 (5 days) 
$18.90 (7 days) 

Nitrofurantoin macrocrystal (100 mg twice daily) $19.00 (5 days) 
$26.13 (7 days) 

Trimethoprim-sulfamethoxazole (160/800 mg twice 
daily) $4.00 (3 days) 

Fosfomycin trometamol (3 g single-dose sachet) $50.86 (1 day) 
Ciprofloxacin (250 mg twice daily) $17.70 (3 days) 

Levofloxacin (25 mg once daily) $36.00 (3 days) 

Amoxicillin-clavulanate $13.80 (3 days) 
$23.00 (5 days) 

Prices derived from www.drugstore.com 
Table 6. Retail price in the United States for commonly used antibiotics to treat AUC. 
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7.4 Treatment of uncomplicated pyelonephritis 
The IDSA guidelines also recommend the following for management of acute 
uncomplicated pyelonephritis (Gupta et al., 2011). 
 A urine culture and susceptibility test should always be performed, and initial 

empirical therapy should be tailored to the infecting uropathogen.  
 Oral ciprofloxacin (500 mg twice daily) for 7 days, with or without an initial 400 mg 

dose of intravenous ciprofloxacin, is appropriate in patients not requiring 
hospitalization where the prevalence of resistance of community uropathogens to 
fluoroquinolones does not exceed 10%.  If the prevalence of fluoroquinolone resistance 
is thought to exceed 10%, an initial 1-time intravenous dose of a long-acting parenteral 
antimicrobial, such as 1 g of ceftriaxone or a consolidated 24-h dose of an 
aminoglycoside is recommended. 

 A once-daily oral fluoroquinolone, including ciprofloxacin (1000 mg extended release 
for 7 days) or levofloxacin (750mg for 5 days), is an appropriate choice for therapy in 
patients not requiring hospitalization where the prevalence of resistance of community 
uropathogens is not known to exceed 10%. 

 Oral trimethoprim-sulfamethoxazole (TMP/SMX) (160/800 mg twice-daily for 14 days) 
is appropriate if the uropathogen is known to be susceptible. If TMP/SMX is used when 
the susceptibility is not known, an initial intravenous dose of a long-acting parenteral 
antimicrobial, such as 1 g of ceftriaxone or a consolidated 24-hour dose of an 
aminoglycoside is recommended.  

 Oral β-lactam agents are less effective than other agents. If an oral β-lactam agent is 
used, an initial intravenous dose of a long-acting parenteral antimicrobial, such as 1g of 
ceftriaxone or a consolidated 24-hour dose of an aminoglycoside is recommended.  

 Cases requiring hospitalization should initially be treated with an intravenous 
antimicrobial regimen; such as a fluoroquinolone, an aminoglycoside with or without 
ampicillin, an extended-spectrum cephalosporin, or extended–spectrum penicillin with 
or without an aminoglycoside, or a carbapenem. The choice among these agents should 
be based on local resistance data, and the regimen should be tailored on the basis of 
susceptibility results.      

8. Prevention 
The prevention of UTIs can be classified into two categories, non-antimicrobial and 
antimicrobial strategies.  

8.1 Non antimicrobial strategy 
A large population-based case-control study conducted by Fihn, et al. demonstrated that use 
of condoms coated with the spermicide nonoxynol-9 during intercourse was associated with a 
higher incidence of urinary tract infection caused by E. coli in young women (Fihn et al., 1996). 
Hooton et al. also demonstrated in a prospective study that recent use of a diaphragm with 
spermicide was one of the independent risk factors for symptomatic UTI (Hooton et al., 1996). 
Thus, sexually active women should be advised to avoid spermicide use during intercourse.  
Postcoital voiding has been advocated as a positive behavioral modification to prevent UTI 
(Stamm, 2010). However, a population-based, prospective cohort study did not showed that 
postcoital voiding was associated with decreased incidents of acute cystitis after 
multivariable analysis (Jackson et al., 2004) 
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8.1 Non antimicrobial strategy 
A large population-based case-control study conducted by Fihn, et al. demonstrated that use 
of condoms coated with the spermicide nonoxynol-9 during intercourse was associated with a 
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Other non-antimicrobial strategies to prevent acute UTI have been investigated. Cranberries 
and other berries containing proanthocyanidins was proven, in vitro, to prevent 
uropathogens such as E. coli from adhering to urinary epithelium ( Zafriri et al., 1989). 
Kontiokari et al. conducted an open, randomized controlled 12-month follow-up trial which 
showed that cranberry-lingonberry was more effective in reducing recurrence of UTI 
compared to lactobacillus GG drink or no intervention (Kontiokari et al., 2001). However, a 
recent double-blind, placebo-controlled study of the effects of cranberry on risk of recurring 
UTI study demonstrated that, among healthy college women with acute UTI, those drinking 
8 oz of 27% cranberry juice twice daily, did not experience a decrease in the 6-month 
incidence of a second UTI, compared with those drinking a placebo (Barbosa-Cesnik et al., 
2011).    
Use of lactobacillus-containing probiotics has been proposed for the prevention of UTI. 
However, a review article by Barrons et al concluded that use of lactobacillus for the 
prevention of UTI remain inconclusive and controversial ( Barrons et al., 2008).  
Although a randomized double-blind, placebo-controlled trial of a topically applied 
intravaginal estriol cream revealed that estriol was more effective in preventing recurrent 
UTI in postmenopausal women ( Raz & Stam, 1993), the use of low dose oral estrogen did 
not reduce frequency of UTI (Brown et al., 2001; Cardozo et al., 1998).    
In recent years, there has been great enthusiasm for the development of a vaccine to prevent 
UTIs because of the increasing resistance of uropathogens against antimicrobials and 
concerns for adverse reactions from antimicrobials. A double-blind study involved 75 
patients randomly assigned to either placebo or vaginal mucosal suppository vaccines. The 
vaccine suppositories contained 10 strains of heat-killed uropathogenic bacteria. The study 
demonstrated that vaginal suppository vaccines were effective in reducing recurrence of E. 
coli UTI compared to placebo (Hopkins, 2007). So far there is no licensed vaccine for 
prevention of UTIs available in the USA.  

8.2 Antimicrobial strategies (Dielubanza & Schaeffer, 2011; Foster, 2008)  
Antimicrobial prophylaxis is a more effective way to prevent recurrence of UTI. However, 
this strategy carries the potential of promoting resistance and development of adverse 
reactions.  
Low-dose continuous antimicrobial prophylaxis nitrofurantoin (100 mg daily), cephalexin 
(250 mg daily), and TMP-SMX (daily or 3 times a week) have been used successfully as low-
dose antimicrobial prophylaxis for women with frequent UTIs.    
Other strategies that were found to be effective in preventing recurrent UTI are postcoital 
prophylaxis and self-start therapy. Postcoital prophylaxis is appropriate for women who 
tend to develop UTI after intercourse.  A single dose of antibiotic is used following 
intercourse.  Self-start therapy is for women who are unwilling to take antibiotic 
continuously for prevention of recurrent UTI. By this method, the patient diagnoses UTI 
herself with a urine dipstick or by recognizing incipient UTI symptoms and starts a 3-day 
course of antibiotics immediately.    
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1. Introduction 
Acute cystitis is defined as a superficial infection of the bladder mucosa. Approximately 
10% of females are diagnosed with cystitis on an annual basis and over 50% of females will 
have at least one episode of cystitis during their lifetime (Foxman 2002, Foxman et al. 2000). 
Typically, uncomplicated cystitis occurs in late adolescence and during the second and 
fourth decades in females with up to 30% of females 20 to 40 years of age having a history of 
cystitis (Hooton et al. 1996). Symptoms such as fever, chills and flank pain are absent as 
acute cystitis is not associated with involvement of the upper urinary tracts. Risk factors for 
acute cystitis include sexual intercourse, the use of spermicides and ascending bowel flora. 
Males with underlying structural and functional deficiencies of the genitourinary tract may 
also develop acute cystitis (Krieger et al. 1993). After the initial infection many patients tend 
to have recurrence with 25% to 50% of patients having another infection within 1 year. 
Recurrent episodes of cystitis are defined as symptomatic infections that follow the clinical 
resolution of a previous episode after treatment and their incidence is 3% to 5%. 
Although the vast majority of patients presenting with cystitis respond promptly to 
appropriate therapy, early identification and treatment of patients with complicated cystitis 
remains a significant clinical challenge to physicians and urologists. Herein, we discuss 
appropriate management strategies for patients presenting with symptoms consistent with 
both uncomplicated and complicated cystitis. We also place particular emphasis on 
appropriate antimicrobial treatment regimens for cystitis and discuss emerging patterns of 
resistance among different uropathogens. 

2. Acute uncomplicated cystitis 
2.1 Clinical presentation 
Typically, cystitis presents with symptoms that include dysuria, frequency, urgency and 
suprapubic pain. Occasionally, foul smelling urine and haematuria may develop (Fig. 1). 
The likelihood of cystitis in female patients presenting with these symptoms ranges from 
50% to 90% (Bent et al. 2002, Wong et al. 1985). The likelihood cystitis is up to 90% in a 
female patient who has had cystitis and presents with symptoms suggestive of recurrence 
(Gupta et al. 2001a, Gupta et al. 2001b).  As cystitis only affects the mucosal layers of the 
bladder fever and rigors do not develop. Differential diagnosis for females presenting with 
these symptoms should include vaginitis, sexually transmitted infections (STIs) and urethral 
pathology. 
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1. Introduction 
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remains a significant clinical challenge to physicians and urologists. Herein, we discuss 
appropriate management strategies for patients presenting with symptoms consistent with 
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appropriate antimicrobial treatment regimens for cystitis and discuss emerging patterns of 
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2.1 Clinical presentation 
Typically, cystitis presents with symptoms that include dysuria, frequency, urgency and 
suprapubic pain. Occasionally, foul smelling urine and haematuria may develop (Fig. 1). 
The likelihood of cystitis in female patients presenting with these symptoms ranges from 
50% to 90% (Bent et al. 2002, Wong et al. 1985). The likelihood cystitis is up to 90% in a 
female patient who has had cystitis and presents with symptoms suggestive of recurrence 
(Gupta et al. 2001a, Gupta et al. 2001b).  As cystitis only affects the mucosal layers of the 
bladder fever and rigors do not develop. Differential diagnosis for females presenting with 
these symptoms should include vaginitis, sexually transmitted infections (STIs) and urethral 
pathology. 
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It is important to differentiate cystitis from other conditions where dysuria may also be 
present. Specific features within the history, physical examination and voided urine may 
differentiate between vaginitis, urethral infections caused by STIs and other miscellaneous 
conditions associated with dysuria. Characteristic features of vaginitis include irritative 
voiding with vaginal irritation and an insidious onset. Urinary symptoms such as frequency, 
suprapubic pain and haematuria are usually absent. The patient may also give a history of 
vaginal discharge and multiple sexual partners. Common causes of STIs are herpes simplex 
virus (HSV), gonorrhoea and chlamydia. Urethritis also causes subacute dysuria and is 
associated with a history of urethral discharge and multiple sexual partners. In male 
patients urethral discharge with inflammatory cells or pyuria is characteristic and common 
causes of urethritis in males include gonorrhoea, chlamydia, HSV and trichomoniasis. 
Culture and immunological analysis are indicated for diagnostic purposes 
 

 
Fig. 1. Common presenting symptoms associated with acute cystitis. Typically, patients 
present with dysuria, frequency, urgency and suprapubic pain. 

2.2 Risk factors  
The most important risk factors for acute cystitis in female patients are previous episodes of 
cystitis and frequent or recent sexual activity as celibate females rarely present with cystitis 
(Scholes et al. 2000). The relative odds of acute cystitis during the first 48 hours after sexual 
intercourse are increased by 60 fold and spermicidal agents increase the risk of infection 
from E. coli or S. saprophyticus by 2 – 3 fold (Fihn et al. 1998, Nicolle et al. 1982, Strom et al. 
1987). Females that frequently develop recurrent episodes of cystitis are more likely to have 
a maternal history of the condition and to have developed their first episode at an early age 
(Fihn 2003, Scholes et al. 2000). In healthy postmenopausal females sexual activity is a less 
important predictor of cystitis in comparison to younger females and oestrogen deficiency is 
believed to play a greater role (Boyko et al. 2002). Recurrent cystitis in postmenopausal 
females is more likely in patients with cystoceles, urinary incontinence and a previous 
history of genitourinary surgery (Raz et al. 2000). Female patients with diabetes mellitus are 
twice as likely to develop cystitis compared to non-diabetic females. The risk of acute cystitis 
also increases in elderly females residing in institutionalised settings with the risk of 
infection showing a direct correlation with increasing age and physical disability (Nicolle et 
al. 2005). 

2.3 Laboratory diagnosis  
A laboratory diagnosis of suspected acute cystitis is based on microscopic urinalysis that 
indicates the presence of pyuria, bacteriuria and haematuria. Pyuria on microscopy has a 

 
Current Management Strategies for Uncomplicated and Complicated Cystitis 

 

17 

sensitivity of 95% and a specificity of 70% (Fihn 2003). The presence of bacteriuria has a 
sensitivity of 40% to 70% and a specificity of 85% to 90% depending on the number of 
bacteria identified (Hurlbut and Littenberg 1991). Dipstick analysis for bacteria (nitrite) or 
pyuria (leukocyte esterase) are convenient but remain less sensitive than microscopic 
assessment of the urine. The accuracy of the findings on a culture of midstream urine (MSU) 
depends on how a positive urine culture is defined. Traditionally, 105 cfu/ml is applied to a 
voided urine sample. Although the specificity is high it is important to note that the 
sensitivity is only in the region of 50%. Lowering the threshold to 102 cfu/mL in cases of 
young females with suspected cystitis raises the sensitivity without affecting the specificity 
(Nicolle et al. 2005, Stamm 1982).  Therefore, urine culture remains the definitive diagnostic 
investigation for acute cystitis and the presence of 102 cfu/mL or more of urine indicates 
active infection.  
Admittedly, routine urine culture is not always necessary for diagnostic purposes (McIsaac 
et al. 2002). It is considered more cost-effective to manage and treat patients symptomatic of 
uncomplicated cystitis without an initial urine culture because antimicrobial therapy is often 
completed before culture results are made available. This theory was validated in one study 
that demonstrated pre-therapeutic urine cultures for UTIs increases cost by up to 40% but 
only decreases the duration of symptoms by 10%(Carlson and Mulley 1985). Therefore, in 
females with recent onset of symptoms suggestive of cystitis, without the features of a 
complicated UTI, a urinalysis that is positive for bacteriuria, pyuria, haematuria or a 
combination should provide sufficient evidence of a UTI and a urine culture may be 
omitted. Importantly, a urine culture should be obtained when symptoms and urine 
examination findings leave a diagnosis of cystitis in doubt. In addition, pretherapeutic urine 
cultures are also necessary for managing patients with a recent history of antimicrobial 
therapy. It has also been demonstrated that treating acute uncomplicated cystitis by 
telephone consultation is safe and effective in primary care settings (Barry et al. 2001, 
Fenwick et al. 2000, Saint et al. 1999). Importantly, inclusion criteria for these studies are 
females at low risk (i.e. without a prior history of UTI, without symptoms suggestive of 
vaginitis or cervicitis and less than 55 years of age). Females that do not meet these criteria 
should be seen in person and examined (Fenwick et al. 2000). 

2.4 Causative microorganisms  
E. coli is the responsible uropathogen in 75% to 90% of female patients diagnosed with acute 
cystitis and Staphylococcus saprophiticus acoounts for 10% to 20% of cases (Jordan et al. 
1980, Latham et al. 1983, Ronald 2002). Less common organisms include Klebsiella, Proteus 
and Enterococci. E. coli and other Enterobacteriaceae are the most commonly diagnosed 
organisms in male patients. 

2.5 Management  
A 3 day course of oral trimethoprim- sulfamethoxazole (TMP-SMX) results in eradication of 
pathogens within 7 days after commencing treatment in approximately 94% of females 
(Warren et al. 1999). Single-dose treatment is less efficacious than the 3 day course with 
eradication rates approaching 87%; however single-dose treatment is associated with fewer 
side-effects (11% versus 18%) (Warren et al. 1999). TMP-SMX is effective and inexpensive for 
empirical therapy. Therefore, TMP-SMX is recommended in areas where the prevalence of 
resistance to these drugs among E. coli strains causing cystitis is less than 20%(Warren et al. 
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It is important to differentiate cystitis from other conditions where dysuria may also be 
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associated with a history of urethral discharge and multiple sexual partners. In male 
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causes of urethritis in males include gonorrhoea, chlamydia, HSV and trichomoniasis. 
Culture and immunological analysis are indicated for diagnostic purposes 
 

 
Fig. 1. Common presenting symptoms associated with acute cystitis. Typically, patients 
present with dysuria, frequency, urgency and suprapubic pain. 
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1999). When used alone, TMP is as efficacious as TMP-SMX and is associated with fewer 
side effects, probably because of the absence of the sulfa component. It can be prescribed to 
patients who are allergic to sulfa.  
Interestingly, a number of more recent studies have demonstrated that resistance to TMP-
SMX is increasing in many different countries (Bean et al. 2008, Daza et al. 2001, De 
Francesco et al. 2007, Ling et al. 2006, Sader et al. 2005) (Fig. 2). One study from Israel 
demonstrated that 29% of cultures grew TMP-SMX resistant organisms in patients with 
uncomplicated cystitis. In this study microbiological cure was achieved in 86% of patients 
with TMP-SMX susceptible microorganisms but in only 42% of those with TMP-SMX 
resistant organisms (Raz et al. 2002). Another prospective study from the United Kingdom 
(UK) demonstrated resistance to TMP in 13.9% of isolates and patients with resistant isolates 
had a longer median time to symptom resolution (7 versus 4 days; p=0.0002), more frequent 
revisits to their attending physician (39% versus 6% in the first week, p<0.0001), more 
subsequent antibiotics (36% versus 4% in the first week, p<0.0001) and higher rates of 
subsequent bacteria at 1 month (42% versus 20% with susceptible isolates) (McNulty et al. 
2006). Recent studies from the United States have demonstrated TMP-SMX resistance rates 
of 15% to 23% in isolates from patients with acute uncomplicated cystitis (Colgan et al. 2008, 
Hames and Rice 2007). In a study from Japan 17% of isolates from patients with cystitis 
showed resistance to TMP-SMX and abandonment of TMP-SMX as first line therapy for 
acute uncomplicated cystitis is currently under consideration in this region (Yamamoto et al. 
2009). 
 

 
Fig. 2. Increasing rates of resistance for TMP-SMX treatment regimen for acute 
uncomplicated cystitis. 

Resistant strains can be partially predicted from a history of recent antimicrobial usage. It 
has also been demonstrated that females who have been treated with TMP-SMX are 16 times 
less likely to be re-infected with an isolate resistant to this agent compared with females 
who have not take recent antimicrobial therapy (Brown et al. 2002).  Furthermore, females 
that have taken other antimicrobial agents are two-fold more likely to be infected with a 
resistant isolate. Although the resistance rate to TMP-SMX is as high as 20% in some regions 
the bacteriologic eradication rate is approximately 80% and the clinical cure rate is 
approximately 85% (Manges et al. 2001, Wright et al. 1999). On account of these increasing 
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resistance rates some authorities advocate the following criteria for prescribing TMP-SMX 
(Gupta et al. 2001b, Steinke et al. 1999): 
 No known drug allergy 
 No recent history of antibiotic usage 
 Local prevalence to resistance is less than 15 – 20% 
Although less than 5% of urine isolates are resistant to nitrofurantoin, it is considerably less 
active than TMP-SMX against aerobic Gram-negative rods other than E. coli. Furthermore, 
nitrofurantoin is more expensive than TMP-SMX. It is usually well tolerated, however it is 
frequently prescribed for 7 days and this may cause significant gastrointestinal upset. The 
macrocrystalline formulation is taken every 6 hours and the monohydrate macrocrystal is 
taken twice daily. The monohydrate formulation is associated with fewer side-effects. 
Nitrofurantoin is not associated with plasmid-mediated resistance and is a suitable choice 
for patients with recent exposure to other antimicrobial agents (Fihn 2003). 
Fluoroquinolones offer excellent activity and are usually well tolerated (Henry et al. 2002). 
Their resistance is less than 5% in most regions (Hooton et al. 2004, Warren et al. 1999); 
however resistance rates are beginning to increase worldwide (although not as high as that 
of TMP-SMX) (Yamamoto et al. 2010) (Muratani and Matsumoto 2006). In the Mediterranean 
region up to one-third of strains that demonstrate reduced susceptibility to flouroquinolones 
and cause uncomplicated cystitis belong to two clonal groups: O15:H1 and O25:H4 
(Cagnacci et al. 2008). This implies that strains belonging to these two clonal groups play a 
major role in determining the increasing rate of flouroquinolone resistant E. coli strains in 
the community. One study from Japan reported fluoroquinolone resistance in 8% of isolates 
from patients with acute uncomplicated cystitis (Yamamoto et al. 2009). Worryingly, 
resistance rates for E. coli isolated from acute uncomplicated cystitis to ciprofloxacin 
increased from 15.2% in 2002 to 23.4% in 2006 in South Korea (Yamamoto et al. 2010) (Fig. 3). 
 

 
Fig. 3. Increasing rates of resistance for E. coli against ciprofloxacin in South Korea from 
2002 to 2006.  

The efficacy of ofloxacin is greater than TMP-SMX with recurrence rates of 8% to 9% 6 
weeks after therapy has been completed (Hooton et al. 1991). Other fluoroqinolones have 
similar efficacy however they should be regarded as a second line treatment option due to 
their high cost and to preserve their sensitivity against uropathogens. Their use for 
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uncomplicated cystitis should be limited to patients that are allergic to less expensive drugs, 
to patients with previous exposure to antimicrobial agents causing bacterial resistance and 
to regions where resistance to TMP-SMX is greater than 20%. When TMP-SMX is 
contraindicated a 3 day course of ciprofloxacin, levofloxacin, norfloxacin, lomefloxacin or 
gatifloxacin is an appropriate alternative. Importantly, fluoroquinolones are less active 
against S. saprophyticus and many Gram-negative uropathogens (Fihn 2003).  
Fosfomycin tromethamine is taken as a single dose of powder from a sachet and is another 
option for treating uncomplicated cystitis. It is less effective than TMP-SMX and 
fluoroquinolones and should only be considered when more effective agents cannot be 
prescribed (Warren et al. 1999). Further limitations of fosfomycin tromethamine are its poor 
efficacy against S. saprophyticus and its expensive nature. The high in vitro resistance to 
ampicillin and sulfonamide and the high cost of amoxicillin/clavulanate and the 
cephalocrystalline sporins limit their usefulness in the setting of acute uncomplicated 
cystitis. More than 90% of females report the absence of acute urinary symptoms within 72 
hours after commencement of antimicrobial therapy (Fihn et al. 1988). Phenazopyridine or 
Uristat can be prescribed in females with severe persistent dysuria. Although this 
compound is available over the counter there is concern that females with severe dysuria are 
not seeking medical care and are also at risk of side effects such as headache, 
gastrointestinal upset, rash and nephrotoxicity (Fihn 2003). Resistance rates of E. coli to 
antibiotic regimes are illustrated in Table 1.  
 

Antimicrobial Agent Italy Spain USA UK China Japan 
Ampicillin 49 65 - 54 - - 
Amoxicillin/clavulanate 8 37 12 12 29 2 
Piperacillin 30 - - - - - 
Piperacillin/ tazobactam 1 68 - - 7 - 
Nitrofurantoin 9 7 3 5 - 1 
TMP - - - 39 - - 
TMP-SMX 27 37 20 - - 10 
Ciprofloxacin 19 22 5 9 51 8 
Gentamicin 6 10 - 5 39 2 
Cefalexin - - - 8 - - 
Cephazolin 7 - - - - - 
Cefpodoxime - - 2 6 - 5 
Cefuroxime - 13 24 - - - 
Cefprozil - - 3 - - - 
Cefotaxime - 4 - - 14 - 
Ceftazidime - - - - 3 - 
Ceftriaxone 2 - - - - - 
Cefdinir - - 2 - - 5 
Cefoperazone - - - - 17 - 
Cefperazone/sulbactam - - - - 5 - 
Cefipime - 3 - - 8 - 

Table 1. Resistance rate of E. coli isolated from patients with community acquired infections 
(depicted as percentage) (Bean et al. 2008, Daza et al. 2001, De Francesco et al. 2007, Ling et 
al. 2006, Sader et al. 2005, Yamamoto et al.). 
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2.5.1 Cranberry juice  
Proanthocyanidins found in cranberry juice have been long advocated to play a preventative 
role against cystitis. It appears that proanthocyanidins inhibit the attachment of 
uropathogens to the surface of the uroepithlium. Randomised trials suggest that 200-750 ml 
of cranberry juice or cranberry-concentrate tablets reduce the risk of symptomatic recurrent 
infection by 12-20%(Avorn et al. 1994, Kontiokari et al. 2001, Stothers 2002). Interestingly, 
the amount of cranberry juice found within products marketed as cranberry juice is highly 
variable and ranges from 5-100%. 

2.6 Duration of therapy  
In female patients with uncomplicated cystitis 3 days of therapy is the preferred treatment 
regimen. One study that reviewed over 300 clinical trials of single-dose, 3-day or 7-day 
treatment with TMP-SMX, fluroquinolones and β-lactam antimicrobial agents found that 3-
day therapy is more effective than single-dose therapy (Table 2). In addition, 3-day therapy 
with TMP-SMX, amoxicillin or cloxacillin is associated with cure rates that are comparable 
with longer courses of therapy and an incidence of adverse effects that are as low as single-
dose therapy (Warren et al. 1999). Seven-day therapy is associated with a higher incidence of 
adverse effects and is only recommended in females with symptoms longer than 1 week, in 
male patients and in individual patients that have complicating risk factors 
 

Circumstance Drug Dosage Frequency Duration 
(Days) 

Female 
Healthy Ciprofloxacin 500mg BD 3 

Levofloxacin 500mg QDS 3 
TMP-SMX 1 double 

strength 
tablet (160 – 
800mg) 

BD 3 

Trimethoprim 100mg BD 3 
Nitrofurantoin 100mg BD 3 
Norfloxacin 400mg BD 3 

Symptoms >7 
days, recent UTI, 
Age >65 years, 
Diabetes, 
Diaphragm use  

TMP-SMX As Above As Above 7 
Fluoroquinolone   7 

Pregnancy Amoxicillin 250mg TDS 7 
Cephalexin 500mg QDS 7 
Nitrofurantoin As Above As Above 7 

Males 
 Fluoroquinolone As Above As Above 7 

TMP-SMX As Above As Above 7 

Table 2. Current treatment regimens for acute uncomplicated cystitis.  
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2.7 Cost of therapy  
The cost of treating acute uncomplicated cystitis involves the initial evaluation, the cost of 
the drug administered and the subsequent follow-up (Table 3). Good cost effectiveness is 
achieved with adequate efficacy against the most common uropathogen, E. coli. Intuitively, 
the lower the effectiveness against E. coli, the greater number of revisits, cases of 
progression to pyelonephritis and the higher the follow-up cost. Notably, antimicrobial cost 
is a poor predictor of cost-effectiveness as demonstrated in one study that compared the 
most expensive and least expensive drugs (fluroquinolones and TMP-SMX respectively). 
Results showed that both regimens are equally cost effective and that both of these drugs 
are also more cost effective against nitrofurantoin (Rosenberg 1999). 
 

Antimicrobial Agent Approximate 
Retail Cost ($) Side effects 

Trimethoprim-
sulfamethoxazole (TMP-

SMX) 
1.83 

Anorexia. Nausea, vomiting, rash, 
urticaria, blood dyscrasias, 

hypersensitivity, hepatic necrosis 

Trimethoprim 4.33 Diarrhoea, rash, glossitis, taste changes, 
blood dyscrasias, hypersensitivity 

Norfloxacin 25.21 

Dizziness, restlessness, headache, 
diarrhoea, nausea, rash, vaginitis, 

convulsions, psychosis, hypersensitivity, 
tendon rupture 

Ciprofloxacin 53.56 Similar to norfloxacin 
Levofloxacin 43.92 Similar to norfloxacin 
Gatifloxicin 21.61 Similar to norfloxacin 

Lomefloxacin 35.96 Similar to norfloxacin 

Nitrofurantoin 
macrocrystals 35.29 

Anorexia, nausea, vomiting, headache, 
pulmonary hypersensitivity, 

hepatotoxicity, haemolytic anaemia, 
peripheral neuropathy 

Nitrofurantoin 
monohydrate macrocrystals 29.96 Similar to nitrofurantoin macrocrystals 

(gastrointestinal effects less common) 

Fosfomycin tromethamine 33.97 Nausea, vomiting, vaginitis, rash, 
hypersensitivity 

Table 3. Cost of treatment regimens for acute uncomplicated cystitis (Rosenberg 1999). 

2.8 Follow-up  
In general, young female patients that are asymptomatic after antimicrobial therapies do not 
require a follow-up visit or repeat MSU. A follow up visit is recommended with MSU in 
older females and in all male patients with cystitis. Urological evaluation with ultrasound, 
computed tomography (CT) or cystoscopy is unnecessary in females and is also usually 
unnecessary in male patients that respond appropriately to antimicrobial therapy 
(Abarbanel et al. 2003, Lipsky 1989). However, one study demonstrated that up to 50% of 
males with UTIs have a significant urological abnormality. Finally, patients that do not 
respond to antimicrobial therapy should undergo appropriate microbiological evaluations 
(Andrews et al. 2002). 
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3. Asymptomatic bacteriuria  
Asymptomatic bacteriuria can be defined as a microbiological diagnosis based on the 
isolation of a specified quantitative count of bacteria in a properly collected specimen of 
urine from a patient who is without symptoms or signs consistent with cystitis. Absence of 
symptoms is usually obvious in healthy patients, however an asymptomatic UTIs may be 
more difficult to diagnose in catheterised or neurologically compromised patients. A single 
catheterised urine specimen with a solitary isolate of 102 cfu/mL is diagnostic of bacteriuria 
in catheterised male and female patients (Nicolle et al. 2005). Concomitant pyuria ranges 
from 30% in young females to 100% in catheterised patients (Hooton et al. 2000). 
Importantly, other co-factors like bladder calculi can induce mucosal inflammation in this 
patient cohort. Therefore, the presence of pyuria alone is insufficient for a diagnosis of 
bacteriuria. 
The prevalence of asymptomatic bacteriuria among the general population varies with age, 
gender and the presence of abnormalities in the genitourinary tract (Nicolle et al. 2005) 
(Table 4). E. coli is the most common uropathogen isolated in patients with asymptomatic 
bacteriuria and it is usually a less virulent strain than in isolates from symptomatic patients 
(Svanborg and Godaly 1997). Enterobactericeae and Gram-positive uropathogens are more 
commonly isolated in patients with abnormalities of the genitourinary tract. Pseudomonas 
aeruginosa and Proteus are more prevalent among patients living in residential care. 
 

Patient Population Prevalence (%)

Premenopausal females 1.0 – 5.0 
Pregnant females 1.9 – 9.5 
Postmenopausal females (age: 50-70) 2.8 – 8.6 
Diabetic patients 
Males 0.7 - 11 
Females 9.0 - 27 
Elderly patients in the community 
Males  3.6 - 19 
Females 10.8 - 16 
Elderly patients in nursing homes 
Males 14 -50 
Females 25 – 50 
Patients with spinal cord injuries 
Self-intermittent catheterisation (SIC) 23 – 89 
Sphincterotomy and condom catheter in situ 57 
Patients undergoing haemodialysis 28 
Indwelling catheter 
Short-term 9 – 23 
Long-term 100 

Table 4. Prevalence of asymptomatic bacteria among different patient populations (Nicolle 
et al. 2005). 
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3.1 Management of asymptomatic bacteriura  
In general, management of asymptomatic bacteriuria is governed by the patient cohort and 
their risk factors for adverse outcomes that may be prevented with appropriate 
antimicrobial treatment. In adult populations it has been shown that asymptomatic 
bacteriuria is not harmful and treatment of asymptomatic bacteriuria does not decrease the 
frequency of symptomatic UTIs or improve patient outcomes. Therefore, screening and 
treating asymptomatic bacteriuria is discouraged in populations other than in pregnant 
females and in patients undergoing urological procedures (Nicolle et al. 2005) (Table 5). 
 

Patient Cohort Recommended Not recommended 
Premenopausal non pregnant females  X 
Pregnant females X  
Diabetic females  X 
Elderly patients residing in the community  X 
Elderly patients residing in nursing homes  X 
Patients with spinal cord injuries  X 
Patient with indwelling catheters*  X 
Urological inteventions X  
Immunocompromised patients  X 

*Antimicrobial treatment of asymptomatic female patients with catheter-associated bacteriuira 
persisting >48 hours should be considered. 

Table 5. Algorithm for screening and treating asymptomatic bacteriuria (Nicolle et al. 2005). 

4. Complicated cystitis  

Complicated cystitis may occur in patients with a compromised urinary tract or by a very 
resistant uropathogen. The clinical spectrum of complicated cystitis can range from mild 
cystitis to life-threatening infections of the kidney and urospesis (Table 6). Urine cultures are 
mandatory to identify the invading uropathogen and its antimicrobial susceptibility in this 
group of patients. The following are common host-factors that predispose to complicated 
cystitis: 
 Functional and/or structural abnormalities of the urinary tract 
 Recent instrumentation of the urinary tract 
 Recent usage of antimicrobial therapy 
 Diabetes mellitus 
 Immunosuppression 
 Pregnancy 
 Hospital-acquired infections 
Due to the wide range of host conditions and uropthogens that are associated with 
complicated cystitis appropriate guidelines for empirical therapy remain limited. Patients 
with mild to moderate illness can be treated on an outpatient basis with oral 
fluroquinolones. If the susceptibility pattern of the pathogen is known TMP-SMX may also 
be effective (Stamm and Hooton 1993). 
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Pathogens Mitigating 
Circumstances Recommended Empirical Treatment 

E. coli, Proteus 
species, Klebsiella 
species, 
Pseudomonas 
species 

Mild-to-moderate 
illness, no nausea or 
vomiting-outpatient 
therapy 

Oral* norfloxacin, ciprofloxacin or 
ofloxacin for 10-14 days 

Serratia species, 
enterococci, 
staphylococci 

Severe illness or 
urospesis- 
hospitalisation 
required 

Parenteral** ampicillin and gentamicin, 
ciprofloxacin, levofloxacin, ceftriaxone, 
aztreonam, ticarcillin- clavulanate or 
imipenem-cilastin until fever has 
subsided; then oral trimethoprim-
sulfamethoxazole, norfloxacin, 
ciprofloxacin or levofloxacin for 14-21 
days 

* Oral regimens for pyelonephritis and complicated UTI are as follows: trimethoprim-sulfamethoxazole, 
160 to 800 mg, BD; norfloxacin, 400mg, BD; ciprofloxacin, 500 mg, BD; levofloxacin, 500 mg, 500 
mg/day. 

** Parenteral regimens are as follows: ciprofloxacin, 400mg, BD; levofloxacin, 500mg/ day; gentamicin 
1mg/kg TDS; ceftriaxone, 1-2 g/ day; ampicillin, 1 g QDS; imipenem-cilastin, 250-500 mg QDS; 
ticarcillin-clavulanate, 3.1 g QDS; and aztreonam 1 g TDS. 

Table 6. Treatment strategies for complicated cystitis (Stamm and Hooton 1993). 

For hospitalised patients intravenous ampicillin and gentamicin provides adequate 
coverage against most pathogens. Antimicrobial therapy can also be modified when 
sensitivity data are available. Therapy is usually continued for 10 to 14 days and switched 
from parenteral to oral whenever possible. Repeat urine culture should be performed 7 and 
14 days after therapy to ensure adequate efficacy has been achieved (Fihn 2003).  

4.1 Unresolving cystitis  
Persistent infection suggests that initial antimicrobial therapy has been inadequate at 
eliminating bacterial growth and concomitant symptoms from the genitourinary tact. Repeat 
urinalysis and MSU are indicated if the symptoms of UTI do not resolve by the end of 
treatment or if symptoms begin to recur shortly after therapy. If the patient’s symptoms are 
severe it is prudent to commence empirical therapy with a fluoroquinolone until the MSU 
results have been obtained. 
Resistance to the antimicrobial agent selected to treat the infection is the most common 
cause for patients with persistent unresolving UTIs. The patient may have a recent history of 
antimicrobial therapy and colonisation of the bowel with resistant bacteria has subsequently 
developed. In addition, tetracycline, sulfonamides and β-lactams cause plasmid-mediated R 
factors that simultaneously carry resistance to multiple antimicrobial agents. The 
development of resistance in a previously susceptible population of bacteria is the second 
most common cause of resistant UTIs and this issue may arise in up to 5% of patients that 
are receiving antimicrobial therapy. Resistance to antimicrobial therapy is easily diagnosed 
as the culture taken on therapy shows that the previously susceptible population has been 
replaced by resistant bacteria of the same species. More resistant strains of bacteria usually 
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emerge when the concentration of antimicrobial therapy in the urine is insufficient to 
eradicate all bacteria present. This phenomenon usually occurs in patients who are 
underdosed and in patients who are poorly compliant with their prescribed regimen. Rapid 
reintroduction of a new resistant species while the patient is undergoing antimicrobial 
therapy may also cause resistant UTI. Reinfection mimicking unresolved bacteriuria should 
increase the index of suspicion for an enterovesical fistula. The following list represents the 
more common causes of persistent unresolving cystitis 
 Bacterial resistance to the antimicrobial agent selected for treatment. 
 Development of resistance from previously susceptible bacteria 
 Bacteriuira resulting from 2 different bacterial species with different susceptibilities 
 Reinfection with a new, resistant species during initial therapy for the original 

susceptible organism 
 Azotemia 
 Analgesia abuse leading to papillary necrosis 
 Staghorn calculi providing a nidus for resistant bacteria to attach 
If the repeat urine culture (obtained from when the patient was on therapy) demonstrates 
that the initial bacterial species is still present and susceptible to the antimicrobial agent 
selected to treat the infection, it is likely that the unresolved infection is caused by an 
inability to deliver sufficient concentrations of antimicrobial agents into the urinary tracts 
or an excessive number of bacteria may be over-riding the activity of the antimicrobial 
agent.  
In addition, antimicrobial levels are usually lower than the minimal inhibitory concentration 
required for eradicating the infecting organism in patients with uraemia. Severe defects in 
the medullary collecting system impair the kidney’s concentrating ability and can dilute the 
antimicrobial agent, particularly in patients with papillary necrosis. Large masses of bacteria 
within the genitourinary tract are frequently seen with a large staghorn calculus. In this 
situation the urinary concentration of antimicrobial agent may be large, however it may be 
inadequate to sterilise the large volume of infected urine. This phenomenon may occur 
because susceptible bacteria cannot be inhibited once a specific critical density is reached. 
Rarely, patients with a variant of Munchausen’s syndrome may present with unresolving 
cystitis. These patients tend to inoculate their bladders with uropathogens or wilfully avoid 
antimicrobial agents. Careful bacteriologic observations usually indicate the implausibility 
of the clinical picture. 

4.2 Laboratory diagnosis  
In cases of unresolving cystitis urinalysis and urine culture are required to investigate the 
uropathogen responsible for the persistent infective process. Renal function and imaging of 
the genitourinary tract should be performed if repeat culture demonstrates sensitivity of the 
uropathogen to the antimicrobial agent presecribed. This investigative regimen is employed 
to identify any abnormalities within the urinary tract. Empirical treatment of unresolving 
cystitis is based on the assumption that the infecting uropathogen is resistant. 
Fluoroquinolones provide sufficient antimicrobial coverage in most situations and should be 
prescribed for 7 days. Adjustments to this regime can be performed when bacterial 
susceptibilities have been made available. Finally, urine cultures should be repeated during 
and 7 days after therapy to ensure adequate eradication has been achieved. 
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4.3 Recurrent cystitis  
Recurrent episodes are caused by re-emergence of bacteria from a site within the urinary 
tract (persistence) or from new infective uropathogens outside the urinary tract (reinfection) 
(Fig. 4). Bacterial persistence must be caused by the same uropathogen on each occasion and 
reinfections typically occur at varying intervals and are usually cause by different species of 
bacteria. It is important to differentiate between persistence and reinfections as management 
protocols differ. Patients with bacterial persistence can be cured of recurrent cystitis by 
indentifying and surgically removing/ correcting the focus of infection. Patients 
complaining of recurrent reinfection usually require long-term medical management as a 
structural defect is not usually present. Reinfections in males occasionally occur and are 
usually as a result of an underlying abnormality such as urethral stricture. In these 
situations surgical evaluation is warranted. 
 

 
Fig. 4. Re-emergence of bacteria from within the urinary tract (persistence) or invasion of 
new bacteria (reinfection) is the most common causes of recurrent cystitis. 

4.3.1 Bacterial persistence  
After the initial episode has resolved recurrence with the same organism arises from a site 
within the genitourinary tract. The site of bacterial persistence is usually excluded from high 
concentrations of the antimicrobial agent. It is generally accepted that there are 12 
correctable urological abnormalities that may cause bacteria to persist within the 
genitourinary tract. These abnormalities are illustrated in Table 7 and may be difficult to 
diagnose. Some causes may require cystoscopic localisation of the infection (with ureteral 
catheters) to accurately define the focus of bacterial persistence.   
 Infected stones 
 Chronic bacterial prostatitis 
 Unilateral infected atrophic kidneys 
 Ectopic ureters and ureteral duplication 
 Foreign bodies 
 Urethral diverticula and infected periurethral glands 
 Unilateral medullary sponge kidneys 
 Non-refluxing, normal appearing, infected ureteral stumps after nephrectomy 
 Infected urachal cyst 
 Infected communicating cysts of the renal calyces 
 Papillary necrosis 
 Perivesical abscess with fistula to bladder 

Table 7. Urological abnormalities causing bacterial persistence that may be amenable to 
surgical correction.  

It is important to identify patients with bacterial persistence as they represent the only 
patient cohort with a surgically curable cause of recurrent UTIs. Radiological and 
endoscopic evaluation of the urinary tract is necessary with excreting urography/ CT and 
cystoscopic assessment providing the initial screening investigations. Diverticulum and 
nonrefluxing ureteral stumps can be diagnosed with retrograde urography. In patients in 
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nonrefluxing ureteral stumps can be diagnosed with retrograde urography. In patients in 
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whom the focus of infection cannot be eradicated, long-term, low-dose antimicrobial 
suppression is necessary to prevent symptoms of infection. The antimicrobial drugs used for 
low-dose prophylaxis will also be effective for bacterial suppression if the persistent strain is 
susceptible. These include nitrofurantoin, TMP-SMX, cephalexin, and the fluoroquinolones 

4.3.2 Recurrent infections  
Females with recurrent infections and who are exposed to vaginal spermicides from either 
condoms or diaphragms should consider alternative methods of contraception or protection 
from sexually transmitted infections (STIs). Continuous and postcoital prophylaxis with 
low-dose antimicrobial agents is effective in treating recurrent cystitis and prophylactic 
treatment should not be commenced until active infection has been eradicated (Hooton 
2001). Absence of infection can be confirmed by a negative urine culture 1-2 weeks after 
treatment has been discontinued.  
Continuous prophylaxis is a potential option for females who have had 2 or more 
symptomatic infections over a 6 month period. Randomised, placebo-controlled trials have 
demonstrated that continuous prophylaxis with nitrofurantoin, trimethoprim (± 
sulfamethoxazole), ciprofloxacin or norfloxacin decreases recurrent episodes by 95% (i.e. 
from 2 to 3 episodes per patient/ year to 0.1 to 0.2 episodes per patient/ year) and may also 
prevent episodes of pyelonephritis (Hooton 2001). Notably, one agent is not recommended 
over another because studies to date have lacked sufficient statistical power. In general, 
antimicrobial prophylaxis is initiated on a trial basis for a 6 month period. If good outcomes 
are reported the agent may be continued for 2 to 5 years without the emergence of a 
resistant organism (Stamm et al. 1991). The rate of chronic adverse effects associated with 
antimicrobial agents ranges from 7% to 40% for trimethoprim containing regimens, from 0% 
to 40% for nitrofurantoin, from 7 to 21% for norfloxacin and up to 13% for ciprofloxacin 
(Chew and Fihn 1999). Gastrointestinal disturbances, rash and yeast vaginitis are the most 
common adverse effects encountered (Fig. 5). 
 

 
Fig. 5. Common adverse effects associated with long-term antimicrobial prophylaxis against 
recurrent episodes of cystitis. 

Post-coital prophylaxis is an attractive option for female patients that describe a direct 
association between sexual intercourse and subsequent cystitis. A reduction in the frequency 
of recurrences has been demonstrated when nitrofurantoin, TMP-SMX or fluroquinolones 
have been administered post-coitus (Stapleton et al. 1990) (Table 8). Intermittent self-
treatment as opposed to continuous treatment has also been recommended in some 
scenarios. Many females can accurately self-diagnose acute cystitis and may be instructed to 
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commence a 3-day course of an antimicrobial agent at the onset of symptoms (Gupta et al. 
2001a). However, females are advised to seek medical attention if symptoms persist 48-72 
hours after completing the appropriate antimicrobial course. Interestingly, several studies 
have also demonstrated that postcoital voiding does not play a preventative role for 
recurrent cystitis. In addition, it appears that poor urinary hygiene does not predispose to 
recurrent cystitis (Scholes et al. 2000, Strom et al. 1987). 
 

Regimen Infections per 
patient per year Reference 

Nitrofurantoin, 50 or 100 mg daily 0.09 (Bailey et al. 1971) 
Nitrofurantoin, 50mg daily 0.19  
Placebo 2.1  
Sulfamethoxazole, 500mg daily 2.5 (Harding et al. 1982) 
TMP-SMX, 40 and 200mg daily 0.1  
Methenamine mandelate, 2g daily + acorbic 
acid 2g 1.6  

Nitrofurantoin, 50mg daily 0.32 (Kasanen et al. 1978) 
Methenamine hippurate, 1g daily 0.39  
Trimethoprim, 100mg daily 0.13  
TMP-SMX, 80 and 400 mg daily 0.19  
Cephalexin, 125 mg daily 0.10 (Gower 1975) 
TMP-SMX, 40 and 200 mg daily 0.00 (Stamey et al. 1977) 
Nitrofurantoin marcocrystals, 100mg daily 0.74  
TMP-SMX, 40 and 200 mg 3-times weekly 0.1 (Harding et al. 1979) 
TMP-SMX, 40 and 200 mg daily 0.15 (Stamm et al. 1980) 
Trimethoprim, 100 mg daily 0.00  
Nitrofurantoin marcocrystals, 100mg daily 0.14  
Placebo 2.8  
Nitrofurantoin, 50 mg twice daily 0.19 (Brumfitt et al. 1981) 
Methenamine hippurate, 1g twice daily 0.57  
TMP-SMX, 40 and 200 mg 3-times weekly 0.14 (Harding et al. 1982) 
Trimethoprim, 100 mg daily 1.53 (Brumfitt et al. 1983) 
Methenamine hippurate, 1g daily 1.38  
Povidone-iodine wash, twice daily 1.79  
TMP-SMX, 40 and 200 mg daily 0.2 (Wong et al. 1985) 
Self-administered cotrimoxazole, 4 x 80 and 
400mg 2.2  

Cephalexin, 250 mg daily 0.18 (Martinez et al. 1985) 
Trimethoprim, 100 mg daily 1.0 (Brumfitt et al. 1985) 
Nitrofurantoin macrocrystals, 100 mg daily 0.16  
Nitrofurantoin, 200 mg daily 0.00 (Nicolle et al. 1989) 
Norfloxacin, 200 mg daily 0.00  
Norfloxacin, 200 mg daily 0.04 (Raz and Boger 1991) 

Table 8. Low-dose prophylactic regimes for recurrent cystitis in females. 
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Table 8. Low-dose prophylactic regimes for recurrent cystitis in females. 
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5. Conclusions  
It is important for urologists to be familiar with appropriate management strategies for 
cystitis because of its highly prevalent nature in the community. Currently, recommended 
treatment regimens for uncomplicated cystitis include 3-day therapy with fluroquinolones 
or nitrofurantoin as resistance rates appear to be increasing when TMP-SMX is 
administered. Worryingly, recent studies have demonstrated an increasing number of 
isolates of fluoroquinolone-resistant pathogens and this merits concern for the future. 
Female patients that complain of frequent recurrences should be advised to avoid exposure 
to vaginal spermicides and prophylaxis or methods of self-administration may be 
considered. Imaging studies should be reserved for patients presenting with complicated 
episodes of cystitis. The increasing incidence of antimicrobial resistance in conjunction with 
the highly prevalent nature of cystitis suggests that prudent and appropriate use of 
antimicrobial agents is becoming increasingly important. 
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1. Introduction 
Urinary tract infections are a common disease in the population. It has been estimated that 
half of all women are likely to suffer from at least one episode of UTIs in their life and one 
third will require an antibiotic treatment (Foxman, 2003).  
Pathogen-related conditions (such as the presence of invasion or virulence factors) affect the 
severity of the infection and its resistance to antibiotic therapy, but also different host-
related characteristics have been individuated, that play a role, in particular in the 
possibility of infection recurrence. 
There are defence mechanisms that allow to counteract every attempt of the microorganisms 
to ascend the urinary tract. The basis of this defence is represented mainly by the semi-
continuous stream of new (sterile) urine, coming from the upper urinary tract, that is stored 
only for a limited period of time in the bladder and afterwards completely eliminated. In 
this way the possibility of the microorganisms to proliferate is limited to a very narrow 
period of time and the immune system becomes able to eliminate efficiently the residual 
limited amount of colonies. Obstructing conditions causing incomplete bladder emptying 
after micturition set the patients at risk of infection development through overgrowth of 
ascending bacterial colonies.  
The main causes of retention in women are listed in Table 1. Some of them are secondary to 
anatomic factors, while others depend on neurologic alterations affecting, in last 
consequence, the mechanisms of pelvic floor relaxation and detrusor contraction and their 
coordination. A particular category of voiding disturbances is represented by patients with 
alterations of detrusor-sphincter coordination in the absence of uropathy or neuropathic 
disorders. The individuals affected, mainly women, present frequently recurrent UTIs 
associated to a tendency to urinary retention.  
In this chapter this disorder and its relation with infection recurrence are presented; the 
most common diagnostic procedures and their findings in the dysfunctional voiding and the 
possible treatment options are considered. 

2. Pathophysiology of dysfunctional voiding 
The normal micturition cycle can be divided in two phases: a storage phase, with passive 
filling by bladder relaxation and sphincter muscle contraction, and a voiding phase, with 
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1. Introduction 
Urinary tract infections are a common disease in the population. It has been estimated that 
half of all women are likely to suffer from at least one episode of UTIs in their life and one 
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Pathogen-related conditions (such as the presence of invasion or virulence factors) affect the 
severity of the infection and its resistance to antibiotic therapy, but also different host-
related characteristics have been individuated, that play a role, in particular in the 
possibility of infection recurrence. 
There are defence mechanisms that allow to counteract every attempt of the microorganisms 
to ascend the urinary tract. The basis of this defence is represented mainly by the semi-
continuous stream of new (sterile) urine, coming from the upper urinary tract, that is stored 
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anatomic factors, while others depend on neurologic alterations affecting, in last 
consequence, the mechanisms of pelvic floor relaxation and detrusor contraction and their 
coordination. A particular category of voiding disturbances is represented by patients with 
alterations of detrusor-sphincter coordination in the absence of uropathy or neuropathic 
disorders. The individuals affected, mainly women, present frequently recurrent UTIs 
associated to a tendency to urinary retention.  
In this chapter this disorder and its relation with infection recurrence are presented; the 
most common diagnostic procedures and their findings in the dysfunctional voiding and the 
possible treatment options are considered. 
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The normal micturition cycle can be divided in two phases: a storage phase, with passive 
filling by bladder relaxation and sphincter muscle contraction, and a voiding phase, with 
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pelvic floor muscle relaxation and bladder contraction allowing micturition. In physiological 
conditions the two phases are well distinguished, and muscular groups aimed at filling and 
emptying switch alternatively from a relaxed to a contracted condition. This system is 
guaranteed by a correct voluntary and involuntary coordination of the nervous circuits and 
allows the individual to conduct a regular everyday life, without involuntary wetting or 
urine accumulation.  
There are conditions in which, although the circuit is correctly functional and no anatomical 
obstructions are present, there is an impaired capacity of emptying the bladder. This 
situation, called dysfunctional voiding (DV), is often shown in particular in young healthy 
women, who go to the physician because of frequent episodes of recurrent UTIs. 
DV is defined as an abnormality of bladder emptying in neurologically normal individuals 
in whom there is increased external sphincter activity during voluntary voiding (Carlson et 
al., 2001; Messelink et al., 2005). 
It has been referred to by various terms, including pseudodyssynergia, external sphincter 
spasticity and non relaxing external urethral sphincter (Carlson et al., 2001). Its etiology is to 
date controversial, the clinical presentation varies and the precipitating event in autonomic 
somatic dyssynergia usually remains obscure (Yagci et al., 2005). 
The prevalence of learned voiding dysfunction among adults is unknown, but it has been 
suggested that this disorder is more frequent than commonly recognized (Groutz et al., 
2001): Jorgensen reported 0.5% prevalence rate among patients referred for urodynamic 
evaluation. 
 As far as it is known, DV seems to be the result of the combination of both inherited factors 
and behavioural conditions (Everaert et al., 2000). It is thought to be often acquired in the 
childhood, during toilet training when the children learn to control sphincteric activity, but 
can also appear in older ages, with higher frequency in the female sex. An inappropriate 
contraction of pelvic floor muscles, thereby tightening the urinary sphincter complex 
represents the key point of this mechanism. Activation of the pelvic floor muscles seems to 
start in consequence of the flow-rate exceeding a certain threshold and to cease 
spontaneously after it has fallen again below it.  
This incoordination of bladder-sphincter function in children may represent a 
developmental abnormality (Allen & Bright, 1978), that can lead not only to lower urinary 
tract symptoms, but may cause structural and functional changes, including obstruction and 
consequent bladder trabeculations, residual urine and bacteriuria; detrusor hypertrophy 
and consequent vesico-ureteral reflux (VUR) or hydroureter/hydronephrosis may develop 
(Hinman, 1986; Groutz et al., 2001). 
DV could represent the result of a learned behavior, evolving from attempt to suppress 
impending or active bladder contractions by inappropriately contracting the pelvic floor 
muscles, thereby tightening the urinary sphincter complex. The first step in the 
development of dysfunctional voiding could then reside in an underlying form of bladder 
overactivity, which the patient learns to control from the childhood through volitional 
contractions of the muscles of the pelvic floor. This leads to a condition of insufficient pelvic 
floor relaxation (or contractions) also in response to the physiological contractions during 
micturition. As the time goes by, this condition can evolve to a situation of high-pressure 
voiding, as in all obstruction sets. VUR, if not already present, can develop and, combined 
with the increased tendency to the development of recurrent UTIs, can further facilitate the 
occurrence of pyelonephritis and subsequent renal scarring (Chandra, 1995; Acar et al., 
2009). 
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As a result, people affected from DV tend to develop chronic urinary retention, since high 
urethral pressures during micturition, due to incomplete sphincter relaxation, do not allow 
complete bladder emptying, and to develop, in the mid-long term, recurrent UTIs from an 
ascending way.  
Also incontinence can develop during this process. This can be due to the accentuation of 
the primitive  condition of detrusor overactivity, or, later, to the development of bladder 
underactivity, resulting in  inability to empty and overflow incontinence (lazy bladder 
syndrome) (Norgaard et al., 1998).   
An additional role for urethral instability in the pathogenesis of DV has been claimed, to 
explain the symptoms of urgency in DV. Sudden  variations in the urethral pressure during 
bladder filling in people affected by DV were demonstrated, represented by pressure 
decreases with short periods of electromyography silence, intermittent urethral pressure 
increases with short perineal spasms, or urethral pressure decreases with silent 
electromyography, combined with different degrees of bladder instability (Vereecken & 
Proesmans, 2000). 
Furthermore, some degree of external sphincter hypertrophia was noted in some studies 
conducted on females affected from dysfunctional voiding and a positive correlation 
between dysfunctional behaviors and sphincter volume postulated (Minardi et al., 2008). Its 
role in the pathogenesis is, anyway, still to be determined. 
Behavioral or functional abnormalities which predispose to UTIs in women with normal 
urinary tract or only minor abnormalities are neglected in most recommended protocols for 
evaluation of urinary tract infections (McKenna & Herndon, 2000) . 
The commonest cause of urinary retention in young women in dysfunctional voiding is a 
primary disorder of sphincter relaxation (Fowler’s syndrome). It is defined as the 
combination of urinary retention, abnormal electromyographic activity of the urethral 
rhabdosphincter and polycystic ovaries (Fowler et al., 1988); it was further observed that this 
overactivity can lead to hypertrophic changes of the urethral rhabdosphincter (Wiseman et 
al., 2002). The full etiology of this condition remain to be elucidated but it has been 
hypothesized that the disorder is due to a hormonally sensitive channel alteration, which 
results in a sustained involuntary contraction of the striated urethral sphincter (Kavia et al., 
2006). This in turn has an inhibitory effect on detrusor contractions as well as inhibiting 
sensations of the desire to void.  
On light microscopy the urethral rhabdosphincter fiber diameter did not differ among 
patients with disorder of sphincter relaxation compared to normal patients, but electron 
microscopy showed excessive peripheral sarcoplasm with lipid and glycogen deposition, 
and sarcoplasmic accumulation of normal mitochondria, reflecting the increased energy 
requirement of an overactive urethral rhabdosphincter (Andrich et al., 2005).  
EMG of the pubo-coccygeal muscles (together with recordings of other urodynamic 
variables) is helpful in revealing inappropriate EMG activity during micturition (Deindl et 
al., 1998). 
Women perceive voiding dysfunction less commonly as an important urinary symptom. 
The most reported voiding symptom was poor urinary stream. Its prevalence with or 
without hesitancy ranged  from 15% to 45%, intermittency (20% to 35%), incomplete 
emptying (30% to 50%), and abdominal straining (10%). These seem more severe in 
younger women than older women, except for poor stream which is common in older 
women (10% of women aged 19 to 29 years and 40% of women aged > 80 years) (Al-
Hayek & Abrams, 2004). 
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pelvic floor muscle relaxation and bladder contraction allowing micturition. In physiological 
conditions the two phases are well distinguished, and muscular groups aimed at filling and 
emptying switch alternatively from a relaxed to a contracted condition. This system is 
guaranteed by a correct voluntary and involuntary coordination of the nervous circuits and 
allows the individual to conduct a regular everyday life, without involuntary wetting or 
urine accumulation.  
There are conditions in which, although the circuit is correctly functional and no anatomical 
obstructions are present, there is an impaired capacity of emptying the bladder. This 
situation, called dysfunctional voiding (DV), is often shown in particular in young healthy 
women, who go to the physician because of frequent episodes of recurrent UTIs. 
DV is defined as an abnormality of bladder emptying in neurologically normal individuals 
in whom there is increased external sphincter activity during voluntary voiding (Carlson et 
al., 2001; Messelink et al., 2005). 
It has been referred to by various terms, including pseudodyssynergia, external sphincter 
spasticity and non relaxing external urethral sphincter (Carlson et al., 2001). Its etiology is to 
date controversial, the clinical presentation varies and the precipitating event in autonomic 
somatic dyssynergia usually remains obscure (Yagci et al., 2005). 
The prevalence of learned voiding dysfunction among adults is unknown, but it has been 
suggested that this disorder is more frequent than commonly recognized (Groutz et al., 
2001): Jorgensen reported 0.5% prevalence rate among patients referred for urodynamic 
evaluation. 
 As far as it is known, DV seems to be the result of the combination of both inherited factors 
and behavioural conditions (Everaert et al., 2000). It is thought to be often acquired in the 
childhood, during toilet training when the children learn to control sphincteric activity, but 
can also appear in older ages, with higher frequency in the female sex. An inappropriate 
contraction of pelvic floor muscles, thereby tightening the urinary sphincter complex 
represents the key point of this mechanism. Activation of the pelvic floor muscles seems to 
start in consequence of the flow-rate exceeding a certain threshold and to cease 
spontaneously after it has fallen again below it.  
This incoordination of bladder-sphincter function in children may represent a 
developmental abnormality (Allen & Bright, 1978), that can lead not only to lower urinary 
tract symptoms, but may cause structural and functional changes, including obstruction and 
consequent bladder trabeculations, residual urine and bacteriuria; detrusor hypertrophy 
and consequent vesico-ureteral reflux (VUR) or hydroureter/hydronephrosis may develop 
(Hinman, 1986; Groutz et al., 2001). 
DV could represent the result of a learned behavior, evolving from attempt to suppress 
impending or active bladder contractions by inappropriately contracting the pelvic floor 
muscles, thereby tightening the urinary sphincter complex. The first step in the 
development of dysfunctional voiding could then reside in an underlying form of bladder 
overactivity, which the patient learns to control from the childhood through volitional 
contractions of the muscles of the pelvic floor. This leads to a condition of insufficient pelvic 
floor relaxation (or contractions) also in response to the physiological contractions during 
micturition. As the time goes by, this condition can evolve to a situation of high-pressure 
voiding, as in all obstruction sets. VUR, if not already present, can develop and, combined 
with the increased tendency to the development of recurrent UTIs, can further facilitate the 
occurrence of pyelonephritis and subsequent renal scarring (Chandra, 1995; Acar et al., 
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The association of dysfunctional voiding with recurrent UTIs is documented; dysfunctional 
voiding can disrupt the laminar urinary flow through the urethra, causing UTIs as bacteria 
are transferred back from the meatus to the bladder as a result of the “milk-back” 
phenomenon (Carlson et al., 2001; Yagci et al., 2005). It has been estimated that up to 42%  
with dysfunctional voiding suffer from recurrent UTIs episodes. 
An extreme form of dysfunctional voiding is represented by Hinman-Allen syndrome, also 
called non-neurogenic neurogenic bladder syndrome (NNNBS). Hinman and Baumann and 
Allen described, independently,  in the 70s, this condition in two series of children with 
severe functional dysfunction producing changes indistinguishable from an obstructive 
factor (Hinman & Baumann, 1973). Objective findings of NNNB syndrome are represented 
by  severe obstructive uropathy, with elevated postvoid residual (PVR) urine volume, 
thickened, trabeculated bladder wall, recurrent UTIs, and acquired VUR and 
hydronephrosis. It often presents in the more complex form of dysfunctional elimination 
syndrome, including also the development of fecal disturbances and usually leads to very 
serious consequences including renal failure (Claudon et al., 2010).  
Clinical criteria have been developed to help in distinguishing between NNNB syndrome 
and neurogenic bladder:  in Hinman-Allis syndrome there is intact perineal sensation and 
anal tone,  normal anatomy and function of the lower extremities are found, there is no 
evidence of skin lesions overlying the sacrum, normal lumbosacral spine at plain 
radiography, and normal spinal cord at MR imaging (Johnson et al., 1992). A relation 
between this abnormal bladder behavior in children, developed during their period of toilet 
training and a difficult familial-social condition (in particular the presence of  a history of 
sexual harassment) has been reported in over 50% of the subjects affected (Ellsworth et al., 
1995; Davila et al., 2003). 

3. Diagnostic procedures 
Some parameters have been developed, in order to classify a voiding disturbance as true 
Dysfunctional Voiding. There are clinical and laboratory requirements. Furthermore, a deep 
evaluation of all possible complicating factors need to be performed and the results must 
also be monitored after a treatment.  

3.1 History taking, examination and questionnaires 
A correct case history collection represents the first and most important step in the 
diagnostis of DV. 
Voiding habits of patients presenting with symptoms of recurrent cystitis (pelvic pain or 
burning, frequent voiding, nocturia, blood in urine) must be carefully collected. A voiding 
diary can also be useful. In older patients also a pediatric history should be deeply collected, 
as far as possible. 
Examination  of the external genitalia, with particular care for eventual secretions can allow 
to exclude different etiologies, or address to particular infectious agents. Furthermore, in the 
female, a thorough inspection for vaginal wall prolapse should be always made, since they 
could account for obstructive symptoms, even in initial cases (Dancz & Ozel, 2011). 
For pediatric patients also several questionnaires have been developed to assess voiding 
dysfunction (Tuygun et al., 2007). The most accepted is represented by the standardized 
dysfunctional voiding symptom score (DVSS) (Farhat et al., 2000). It consists of  questions, 
the pediatric patient can easily understand and answer, while the parents are asked to 
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evaluate whether possible traumatic events have recently occurred that could justify the 
raise of the symptoms. The reliability of the test in predicting voiding dysfunction in the 
subsequent strumental iter was proven through different studies and could be successfully 
adapted to settings presenting cultural differences from western countries (Bartkowski & 
Doubrava, 2004; Calado et al., 2010). 
A similar but more complex test, that can better fit to an adult population is represented by 
the Pelvic Floor Inventories Leiden (PelFIs), developed at the University of Leuven,  aimed 
at the evaluation of a broader spectrum of different  pelvic floor disorders.  It consists of 83 
items related to micturition, defecation and sexual dysfunction symptoms (Voorham-van 
der Zalm et al., 2008). It offers very good results in terms of validity and reliability. 
(Voorham-van der Zalm et al., 2011). 
Although self assessment questionnaires represent a valid item in the evaluation of pelvic 
disorders, as reported in the literature, it is authors’ belief that they cannot be considered as 
a substitute of the general clinical assessment on the basis of the personal judgement and 
experience of the physician, and a complete evaluation must be always be made after a 
(video)urodynamic , that is able not only to give a more correct and quantitative assessment 
of the disturbances felt by the patient, but also to discover mechanisms that could not be 
directly correlated with the symptoms and would therefore remain undiscovered, only 
based on patient’s perceptions. 

3.2 Urinalysis 
In women presenting to their physician compelling of recurrent pelvic pain symptoms, 
chemical and cultural urine analysis represent the first line examination. The finding of high 
levels of nitrate in the urine, or the presence of leucocytes, is highly suggestive for the 
presence of urease producing bacteria. The importance of urinalysis in dysfunctional 
voiding relies on the need of stating the actual presence of recurrent UTIs; at the same time, 
it is necessary to prove the efficacy of an antibiotic therapy and to exclude the onset of an 
asymptomatic bacteruria. 

3.3 Urodynamics 
Functional assessment through urodynamics (UD) or with video-urodynamics (VUD) 
represents a second-level examination for UTIs assessment, but become mandatory in cases 
of treatment refractory recurrent UTIs. Some findings are typical of DV at the urodynamic 
evaluation. In these cases the contextual registration of needle EMG is very helpful (Minardi 
et al., 2008). 

3.4 Ultrasound 
Genito-urinary ultrasound (US) – in experts hands –  represents an important tool in the 
evalutation of all cases of urinary tract dysfunctions, allowing a first examination of 
morphological changes, that are present in case of obstructed voiding, and a first assessment 
of the integrity of the urinary system. Advances in ultrasound equipment such as the 
development of vaginal probes allowing the use of higher frequency ultrasound have led to 
a dramatic increase in the resolution of images obtained and  to date perineal US is  held as 
an effective, well-tolerated and affordable diagnostic procedure (Sendag et al., 2003).  
In the evaluation of the characteristics of the lower urinary tract US can also be used to 
evaluate the anatomy of  the urethro-vesical junction and the mobility of the bladder neck 
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3.1 History taking, examination and questionnaires 
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Voiding habits of patients presenting with symptoms of recurrent cystitis (pelvic pain or 
burning, frequent voiding, nocturia, blood in urine) must be carefully collected. A voiding 
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evaluate whether possible traumatic events have recently occurred that could justify the 
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subsequent strumental iter was proven through different studies and could be successfully 
adapted to settings presenting cultural differences from western countries (Bartkowski & 
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A similar but more complex test, that can better fit to an adult population is represented by 
the Pelvic Floor Inventories Leiden (PelFIs), developed at the University of Leuven,  aimed 
at the evaluation of a broader spectrum of different  pelvic floor disorders.  It consists of 83 
items related to micturition, defecation and sexual dysfunction symptoms (Voorham-van 
der Zalm et al., 2008). It offers very good results in terms of validity and reliability. 
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Although self assessment questionnaires represent a valid item in the evaluation of pelvic 
disorders, as reported in the literature, it is authors’ belief that they cannot be considered as 
a substitute of the general clinical assessment on the basis of the personal judgement and 
experience of the physician, and a complete evaluation must be always be made after a 
(video)urodynamic , that is able not only to give a more correct and quantitative assessment 
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directly correlated with the symptoms and would therefore remain undiscovered, only 
based on patient’s perceptions. 
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levels of nitrate in the urine, or the presence of leucocytes, is highly suggestive for the 
presence of urease producing bacteria. The importance of urinalysis in dysfunctional 
voiding relies on the need of stating the actual presence of recurrent UTIs; at the same time, 
it is necessary to prove the efficacy of an antibiotic therapy and to exclude the onset of an 
asymptomatic bacteruria. 
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Functional assessment through urodynamics (UD) or with video-urodynamics (VUD) 
represents a second-level examination for UTIs assessment, but become mandatory in cases 
of treatment refractory recurrent UTIs. Some findings are typical of DV at the urodynamic 
evaluation. In these cases the contextual registration of needle EMG is very helpful (Minardi 
et al., 2008). 
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Genito-urinary ultrasound (US) – in experts hands –  represents an important tool in the 
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morphological changes, that are present in case of obstructed voiding, and a first assessment 
of the integrity of the urinary system. Advances in ultrasound equipment such as the 
development of vaginal probes allowing the use of higher frequency ultrasound have led to 
a dramatic increase in the resolution of images obtained and  to date perineal US is  held as 
an effective, well-tolerated and affordable diagnostic procedure (Sendag et al., 2003).  
In the evaluation of the characteristics of the lower urinary tract US can also be used to 
evaluate the anatomy of  the urethro-vesical junction and the mobility of the bladder neck 
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for the study of stress urinary incontinence (Kolbl et al., 1988; Quinn et al., 1988; Khullar et 
al., 1996; Sarnelli et al., 2003). 
Bladder neck mobility can be demonstrated by perineal or vaginal ultrasound and measured 
using the symphysis pubis as the immobile reference point; perineal ultrasonography allows 
visualization and measurement of the angle between the proximal mobile part and the distal 
fixed part of the urethra.  
Under these aspects US offers several advantages over other imaging modalities: using US 
urethral sphincter volume and detrusor wall thickness could be investigated in women with 
urinary incontinence, urinary retention and detrusor instability (Kondo et al., 2001; Schafer 
et al., 2002; Oliveira et al., 2006); in patients with detrusor overactivity a positive correlation 
was observed between rhabdosphincter thickness and detrusor contraction pressure, and 
between rhabdosphincter thickness and urethral resistance, and mean maximum urethral 
closure pressure and sphincter volume (Major et al., 2002; Wiseman et al., 2002).  
Sendag et al , applying perineal ultrasound, found that posterior urethro-vesical angle was 
significantly different both at rest and on straining in patients with stress incontinence, as 
well as the angle between the vertical axis and urethral axis and the descensus diameter 
(Sendag et al., 2003). 
Perineal ultrasonography provides also serial non-invasive examinations for assessing the 
condition of the bladder wall; the normal bladder wall is 3 to 6 mm thick although it varies 
with intravesical volume; it may be thickened secondary to chronic infection, inflammation 
after surgery, or radiation; a decrease in bladder wall thickness may suggest clearing of an 
infection or inflammation; measurement of bladder wall thickness may be helpful for 
detecting detrusor overactivity (Schaer et al., 1995; Khullar et al., 1996; Yang & Huang, 2003; 
Minardi et al., 2007).  
In their study, Khullar et al averaged the bladder wall thickness at the trigone, dome, and 
anterior bladder wall to develop criteria for detection of detrusor overactivity, others 
assumed that measurement of the bladder dome is sufficient to define bladder wall 
thickness, even if they did not find that women with detrusor overactivity had an 
appreciably thicker bladder wall than other study groups (Khullar et al., 1996; Yang & 
Huang, 2003). 
US has also been  shown to be a reproducible method of assessing urethral sphincter volume 
(Digesu et al., 2009). 
Using 2D ultrasound, on axial US images the normal urethra has a characteristic target-like 
appearance and is seen as composed by four concentric rings of different echogenicity  
(Minardi et al., 2007).  
In patients with detrusor overactivity a positive correlation was observed between 
rhabdosphincter thickness and detrusor contraction pressure, and between rhabdosphincter 
thickness and urethral resistance, as measured by maximal urethral closure pressure (Major 
et al., 2002).  
Morphologic changes in the sphincter echo-texture can occur as result of a variety of factors; 
but while an intrinsic sphincter deficiency can easily be suggested on axial US images by 
loss of its normal characteristic target-like appearance, the coexistence of abnormal urethral 
rings and increased detrusor wall thickness might be due to functional compressive urethral 
obstruction from sphincter overactivity, both of idiopathic or neurological origin (Minardi et 
al., 2007). 
Under this aspect the introduction of three-dimensional (3D) ultrasound has proven very 
useful to the morphologic assessment of the pelvic floor.  
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The advent of 3D images has improved the potential of US technique to measure volumes of 
structures. The advantages of 3D technology over two dimensions specifically include an 
ability to cross reference measurements so that the image measured is the best possible one 
obtainable and therefore in theory reduce the error of these measurements (Toozs-Hobson et 
al., 2001).  
In fact, 3D measurements are produced from assessment of all three planes, each of which 
will have a biological variation. 3D ultrasound offers a potential advantage over 2D 
scanning of increased sensitivity, with a reduction in the error from conventional 2D 
imaging as the operator can constantly cross reference in all three major planes 
simultaneously and therefore ensure that any surface area being measured in the best 
possible reproduction. Since the scan may be manipulated in any plane, the image may be 
viewed from several perspective prior to the actual measurement (Toozs-Hobson et al., 
2001).  Technical developments enable rapid automated volume acquisition in real time, and 
currently available transducers designed for abdominal use are well suited for 
translabial/transperineal imaging (Dietz, 2004).  Useful applications are represented by 
imaging of the urethra, the levator ani and paravaginal supports, prolapse and implants 
used in pelvic floor reconstruction and anti-incontinence surgery (Dietz, 2004). 
Three-dimensional reconstruction of the female human urethral sphincter have shown the 
precise structure of the muscle layers (smooth and striated muscle fibers) and nerve fibers 
(myelinated and unmyelinated) and their relations with the urethra and vaginal wall. The 
proximal third consisted of a circular smooth muscle sphincter, the middle third consisted of 
two circular layers of smooth and striated muscle fibers and the distal third consisted of a 
circular layer of smooth muscle fibers surrounded by omega-shaped layer of striated muscle 
fibers (Karam et al., 2005).  
In studies conducted on women with stress-urinary incontinence three-dimensional 
ultrasound has been shown to be a reproducible method of assessing urethral sphincter 
volume, where it has been shown to correlate with the area under the urethral pressure 
profile curve, suggesting a relationship between structural and functional anatomy (Toozs-
Hobson et al., 2001; Athanasiou et al., 1999; Robinson et al., 2004). 
Perineal ultrasound was used by our group to assess function and morphology of the 
urethral sphincter and of the detrusor muscle in the evaluation of dysfunctional voiding in 
female patients with recurrent urinary tract infections (UTIs) (Minardi et al., 2008). 
The study population comprised women referred to our Department with more than a 3-
year period of recurrent UTIs, and dysfunctional voiding. The diagnosis of dysfunctional 
voiding was made according to Carlson et al., where an increased external sphincter activity 
during voiding was recorded on multichannel video urodynamics (Carlson et al., 2001). 
The sonographic examination (ESAOTE, model. Technos MP, Genova, Italy) was  performed 
with the patients supine, using both the translabial approach (3.5 MHz sector probe) and the 
introital approach (6.5 MHz end fire endovaginal probe); the latter was used to allow proper 
location of the end extremity of the probe close to mid urethra and, due to its superior 
spatial resolution, to provide a more detailed depiction of minute structure when examining 
the echogenic texture of the urethra. Image orientation and display on the screen were 
standardized so that the transducer appears at the bottom, the left side is the ventral aspect 
of the patient and the upper is the cranial aspect, as described (Schaer et al., 1995; Minardi et 
al., 2007). The posterior urethro-vesical angle, the proximal pubo-urethral distance and the 
angle of urethral inclination were calculated, as described (Minardi et al., 2007). The 
thickness of the bladder detrusor wall was measured at the dome of the bladder. 
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for the study of stress urinary incontinence (Kolbl et al., 1988; Quinn et al., 1988; Khullar et 
al., 1996; Sarnelli et al., 2003). 
Bladder neck mobility can be demonstrated by perineal or vaginal ultrasound and measured 
using the symphysis pubis as the immobile reference point; perineal ultrasonography allows 
visualization and measurement of the angle between the proximal mobile part and the distal 
fixed part of the urethra.  
Under these aspects US offers several advantages over other imaging modalities: using US 
urethral sphincter volume and detrusor wall thickness could be investigated in women with 
urinary incontinence, urinary retention and detrusor instability (Kondo et al., 2001; Schafer 
et al., 2002; Oliveira et al., 2006); in patients with detrusor overactivity a positive correlation 
was observed between rhabdosphincter thickness and detrusor contraction pressure, and 
between rhabdosphincter thickness and urethral resistance, and mean maximum urethral 
closure pressure and sphincter volume (Major et al., 2002; Wiseman et al., 2002).  
Sendag et al , applying perineal ultrasound, found that posterior urethro-vesical angle was 
significantly different both at rest and on straining in patients with stress incontinence, as 
well as the angle between the vertical axis and urethral axis and the descensus diameter 
(Sendag et al., 2003). 
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condition of the bladder wall; the normal bladder wall is 3 to 6 mm thick although it varies 
with intravesical volume; it may be thickened secondary to chronic infection, inflammation 
after surgery, or radiation; a decrease in bladder wall thickness may suggest clearing of an 
infection or inflammation; measurement of bladder wall thickness may be helpful for 
detecting detrusor overactivity (Schaer et al., 1995; Khullar et al., 1996; Yang & Huang, 2003; 
Minardi et al., 2007).  
In their study, Khullar et al averaged the bladder wall thickness at the trigone, dome, and 
anterior bladder wall to develop criteria for detection of detrusor overactivity, others 
assumed that measurement of the bladder dome is sufficient to define bladder wall 
thickness, even if they did not find that women with detrusor overactivity had an 
appreciably thicker bladder wall than other study groups (Khullar et al., 1996; Yang & 
Huang, 2003). 
US has also been  shown to be a reproducible method of assessing urethral sphincter volume 
(Digesu et al., 2009). 
Using 2D ultrasound, on axial US images the normal urethra has a characteristic target-like 
appearance and is seen as composed by four concentric rings of different echogenicity  
(Minardi et al., 2007).  
In patients with detrusor overactivity a positive correlation was observed between 
rhabdosphincter thickness and detrusor contraction pressure, and between rhabdosphincter 
thickness and urethral resistance, as measured by maximal urethral closure pressure (Major 
et al., 2002).  
Morphologic changes in the sphincter echo-texture can occur as result of a variety of factors; 
but while an intrinsic sphincter deficiency can easily be suggested on axial US images by 
loss of its normal characteristic target-like appearance, the coexistence of abnormal urethral 
rings and increased detrusor wall thickness might be due to functional compressive urethral 
obstruction from sphincter overactivity, both of idiopathic or neurological origin (Minardi et 
al., 2007). 
Under this aspect the introduction of three-dimensional (3D) ultrasound has proven very 
useful to the morphologic assessment of the pelvic floor.  
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The advent of 3D images has improved the potential of US technique to measure volumes of 
structures. The advantages of 3D technology over two dimensions specifically include an 
ability to cross reference measurements so that the image measured is the best possible one 
obtainable and therefore in theory reduce the error of these measurements (Toozs-Hobson et 
al., 2001).  
In fact, 3D measurements are produced from assessment of all three planes, each of which 
will have a biological variation. 3D ultrasound offers a potential advantage over 2D 
scanning of increased sensitivity, with a reduction in the error from conventional 2D 
imaging as the operator can constantly cross reference in all three major planes 
simultaneously and therefore ensure that any surface area being measured in the best 
possible reproduction. Since the scan may be manipulated in any plane, the image may be 
viewed from several perspective prior to the actual measurement (Toozs-Hobson et al., 
2001).  Technical developments enable rapid automated volume acquisition in real time, and 
currently available transducers designed for abdominal use are well suited for 
translabial/transperineal imaging (Dietz, 2004).  Useful applications are represented by 
imaging of the urethra, the levator ani and paravaginal supports, prolapse and implants 
used in pelvic floor reconstruction and anti-incontinence surgery (Dietz, 2004). 
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precise structure of the muscle layers (smooth and striated muscle fibers) and nerve fibers 
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fibers (Karam et al., 2005).  
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urethral sphincter and of the detrusor muscle in the evaluation of dysfunctional voiding in 
female patients with recurrent urinary tract infections (UTIs) (Minardi et al., 2008). 
The study population comprised women referred to our Department with more than a 3-
year period of recurrent UTIs, and dysfunctional voiding. The diagnosis of dysfunctional 
voiding was made according to Carlson et al., where an increased external sphincter activity 
during voiding was recorded on multichannel video urodynamics (Carlson et al., 2001). 
The sonographic examination (ESAOTE, model. Technos MP, Genova, Italy) was  performed 
with the patients supine, using both the translabial approach (3.5 MHz sector probe) and the 
introital approach (6.5 MHz end fire endovaginal probe); the latter was used to allow proper 
location of the end extremity of the probe close to mid urethra and, due to its superior 
spatial resolution, to provide a more detailed depiction of minute structure when examining 
the echogenic texture of the urethra. Image orientation and display on the screen were 
standardized so that the transducer appears at the bottom, the left side is the ventral aspect 
of the patient and the upper is the cranial aspect, as described (Schaer et al., 1995; Minardi et 
al., 2007). The posterior urethro-vesical angle, the proximal pubo-urethral distance and the 
angle of urethral inclination were calculated, as described (Minardi et al., 2007). The 
thickness of the bladder detrusor wall was measured at the dome of the bladder. 
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Visualization of the four-rings different echo texture of the urethra was performed in the 
same scan plane. Urethral sphincter volume was assessed by measurements of 3 
dimensions; they were first determined in the axial plane by measuring the transverse and 
anteroposterior dimension at the estimated point of widest transverse dimension; the 
longitudinal dimension was measured in the sagittal plane just off the midline; the ellipsoid 
volume formula was then applied as follows: volume = height x width x length x 0.52. 
Urethral sphincter volume was measured using a 7.5 MHz transvaginal ultrasound probe, 
where volume was calculated using formula for the volume of a cylinder, as  described 
(Kondo et al., 2001; Wiseman et al., 2002). 
We observed that maximum urethral sphincter volume was significantly increased in 
patients with recurrent UTIs and dysfunctional voiding (2.87+0.41 cm3) compared to 
patients with recurrent UTIs and normal perineal activity during voiding and to control 
patients (1.77+0.62 cm3  and 1.61+0.32 cm3 respectively); abnormal findings at ultrasound 
included thickening of individual rings, haziness of contours and change in echogenic 
texture with loss of the characteristic four-rings appearance; these findings were observed 
only in patients with dysfunctional voiding (Minardi et al., 2008). 
Detrusor wall thickness as assessed by suprapubic ultrasound ranged from 2.2 to 9.3 mm.; it 
was significantly thicker in patients with dysfunctional voiding (7.83+0.8 mm) compared to 
patients  with recurrent UTIs and normal perineal activity during voiding and to control 
patients (3.81+1.1 mm. and 3.92+1.8 mm. respectively). 
The ROC analysis showed that, to identify a patient with dysfunctional voiding, a sphincter 
volume threshold of 1.94 mm3 has 100% sensitivity and 63.2% specificity; a detrusor 
thickness threshold of 4.95 mm has 100% sensitivity and 85.4% specificity; at these cut-off 
values, 56.9% of patients with dysfunctional voiding had both the two ultrasound 
parameters above the threshold level (Minardi et al., 2008). 
In our study by the analysis of opening/maximum flow detrusor pressure and 
mean/maximum urethral closure pressure, patients with recurrent UTIs associated with 
dysfunctional voiding are obstructed; similarly, by the analysis of detrusor thickness 
and striated sphincter volume at ultrasound, we can diagnose obstruction. We have 
found positive correlations between opening/maximum flow detrusor pressure and 
urethral sphincter volume, between mean/maximum urethral closure pressure and 
urethral sphincter volume, and between detrusor thickness and urethral sphincter 
volume in patients with recurrent UTIs associated with dysfunctional voiding; the 
increased urethral sphincter volume, as a consequence of a dysfunctional voiding, can 
be the cause of a functional obstruction (Minardi et al., 2008). An increased urethral 
sphincter volume, as a consequence of a dysfunctional voiding, can be the cause of 
functional obstruction.  
Based on our experience, dysfunctional voiding can be suspected by ultrasound in women 
with recurrent UTIs, when an increase of detrusor thickness and of striated sphincter 
volume is observed. Data derived from the ROC curves about cut-off values of urethral 
sphincter volume and detrusor thickness allow us to propose perineal ultrasound as a first 
line diagnostic approach in the evaluation of dysfunctional voiding in women with 
recurrent UTIs.  
Therefore, we have suggested that a first line approach in female patients with recurrent 
UTIs can be done by flow electromyography, with recording of urine flow and perineal 
activity during voiding, and by perineal ultrasound, with the evaluation of detrusor wall 
thickness and of sphincter volume; these investigation in our experience are able to select 
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patients with dysfunctional voiding. According to results of our study, multichannel video 
urodynamics can therefore represent a second line diagnostic approach in selected patients. 

4. Treatment options 
DV treatment is particularly problematic: the aim is to restore a normal voiding pattern, to 
reduce excessive detrusor and pelvic floor activity, to improve voiding and storage 
symptoms and especially to reduce UTIs incidence. DV therapy combines pharmacological 
treatment, physical therapy and behavioral therapy. 
DV treatment, with particular reference to UTIs, benefits, from a long time, of biofeedback, 
which has been employed for the first time in the 80’s, on babies followed up for 3 years, 
with complete voiding pattern normalization (Hellstrom et al., 1987). Afterwards, many 
studies were focused on the linkage between DV and UTIs, trying to find therapeutic 
protocols  which would be able to normalize voiding pattern and reduce UTIs recurrence 
and, from the other side, be simple to manage for the patient and, when in the pediatric age, 
for his family.    
De Paepe et al. published in 1998 the first prospective clinical trial aimed to investigate the 
role of biofeedback modulation (BFM) in UTIs prevention in young girls (De Paepe et al., 
1998). Girls of age under 14 were enrolled, with urodynamic-confirmed DV diagnosis. In the 
first phase of the treatment, patients were taught to take self-consciousness of perineal 
musculature and afterwards they started BFM. During this period, trimethoprim and 
anticholinergic drugs, in case of overactivity, were prescribed. The antibiotic treatment was 
stopped at the end of the BFM protocol and the patients were followed-up for 6 months. 
Considering an UTIs-free period of 6 months, at least the 83% of patients of age over 6 years 
were free from infections. Moreover, the Authors reported also a complete resolution of 
vescico-ureteral reflux in 5 of 6 cases. This study, which was of great importance because it 
shed light on the ability of BFM in reducing urinary infections, had several limitations, 
especially the absence of a control group (very important in this setting, because of the 
frequent spontaneous resolution of predisposing factors at this age, e.g reflux), and 
relatively short follow-up. 
VUR is a determinant factor which is able to predispose DV patient to recurrent UTIs. In this 
regard, Kibar et al studied in deep the linkage between BFM treatment and frequency of 
VUR in children with DV (Kibar et al., 2007).  Eighty-six patients of age over 5 years were 
enrolled in a BFM program; of these, 78 completed the protocol. At the end of 6 months 
follow-up, the Authors reported a significant improvement in all the considered parameters, 
both in symptoms (enuresis, incontinence, frequency, urgency) and urodynamics 
parameters. Moreover, the 29% of VUR improved, with a complete resolution in 63% of 
cases. Considering the frequency of spontaneous resolution of VUR in this age group, 
Authors concluded that BFM treatment could be considered as a good option alternative to 
watchful-waiting.  
In the pathophysiology of recurrent UTIs in DV patient, post-void residual is of crucial 
importance. Kibar and coll focused their attention in a prospective randomized trial in 
which 94 kids with flowmetric and electromiographic profile compatible with DV, and a 
PVR higher than 20 ml were enrolled (Kibar et al., 2010). Patients were randomized in two 
groups, in the first one kids were informed with behavioral rules, in the other patients 
received also BFM.  At the end of the treatment, there was a complete resolution of PVR in 
64,5% in the group which received both treatments vs. th 34,4% in the first group.  
Moreover, Authors reported a reduction of UTIs in both groups.  
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dimensions; they were first determined in the axial plane by measuring the transverse and 
anteroposterior dimension at the estimated point of widest transverse dimension; the 
longitudinal dimension was measured in the sagittal plane just off the midline; the ellipsoid 
volume formula was then applied as follows: volume = height x width x length x 0.52. 
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parameters above the threshold level (Minardi et al., 2008). 
In our study by the analysis of opening/maximum flow detrusor pressure and 
mean/maximum urethral closure pressure, patients with recurrent UTIs associated with 
dysfunctional voiding are obstructed; similarly, by the analysis of detrusor thickness 
and striated sphincter volume at ultrasound, we can diagnose obstruction. We have 
found positive correlations between opening/maximum flow detrusor pressure and 
urethral sphincter volume, between mean/maximum urethral closure pressure and 
urethral sphincter volume, and between detrusor thickness and urethral sphincter 
volume in patients with recurrent UTIs associated with dysfunctional voiding; the 
increased urethral sphincter volume, as a consequence of a dysfunctional voiding, can 
be the cause of a functional obstruction (Minardi et al., 2008). An increased urethral 
sphincter volume, as a consequence of a dysfunctional voiding, can be the cause of 
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Based on our experience, dysfunctional voiding can be suspected by ultrasound in women 
with recurrent UTIs, when an increase of detrusor thickness and of striated sphincter 
volume is observed. Data derived from the ROC curves about cut-off values of urethral 
sphincter volume and detrusor thickness allow us to propose perineal ultrasound as a first 
line diagnostic approach in the evaluation of dysfunctional voiding in women with 
recurrent UTIs.  
Therefore, we have suggested that a first line approach in female patients with recurrent 
UTIs can be done by flow electromyography, with recording of urine flow and perineal 
activity during voiding, and by perineal ultrasound, with the evaluation of detrusor wall 
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patients with dysfunctional voiding. According to results of our study, multichannel video 
urodynamics can therefore represent a second line diagnostic approach in selected patients. 

4. Treatment options 
DV treatment is particularly problematic: the aim is to restore a normal voiding pattern, to 
reduce excessive detrusor and pelvic floor activity, to improve voiding and storage 
symptoms and especially to reduce UTIs incidence. DV therapy combines pharmacological 
treatment, physical therapy and behavioral therapy. 
DV treatment, with particular reference to UTIs, benefits, from a long time, of biofeedback, 
which has been employed for the first time in the 80’s, on babies followed up for 3 years, 
with complete voiding pattern normalization (Hellstrom et al., 1987). Afterwards, many 
studies were focused on the linkage between DV and UTIs, trying to find therapeutic 
protocols  which would be able to normalize voiding pattern and reduce UTIs recurrence 
and, from the other side, be simple to manage for the patient and, when in the pediatric age, 
for his family.    
De Paepe et al. published in 1998 the first prospective clinical trial aimed to investigate the 
role of biofeedback modulation (BFM) in UTIs prevention in young girls (De Paepe et al., 
1998). Girls of age under 14 were enrolled, with urodynamic-confirmed DV diagnosis. In the 
first phase of the treatment, patients were taught to take self-consciousness of perineal 
musculature and afterwards they started BFM. During this period, trimethoprim and 
anticholinergic drugs, in case of overactivity, were prescribed. The antibiotic treatment was 
stopped at the end of the BFM protocol and the patients were followed-up for 6 months. 
Considering an UTIs-free period of 6 months, at least the 83% of patients of age over 6 years 
were free from infections. Moreover, the Authors reported also a complete resolution of 
vescico-ureteral reflux in 5 of 6 cases. This study, which was of great importance because it 
shed light on the ability of BFM in reducing urinary infections, had several limitations, 
especially the absence of a control group (very important in this setting, because of the 
frequent spontaneous resolution of predisposing factors at this age, e.g reflux), and 
relatively short follow-up. 
VUR is a determinant factor which is able to predispose DV patient to recurrent UTIs. In this 
regard, Kibar et al studied in deep the linkage between BFM treatment and frequency of 
VUR in children with DV (Kibar et al., 2007).  Eighty-six patients of age over 5 years were 
enrolled in a BFM program; of these, 78 completed the protocol. At the end of 6 months 
follow-up, the Authors reported a significant improvement in all the considered parameters, 
both in symptoms (enuresis, incontinence, frequency, urgency) and urodynamics 
parameters. Moreover, the 29% of VUR improved, with a complete resolution in 63% of 
cases. Considering the frequency of spontaneous resolution of VUR in this age group, 
Authors concluded that BFM treatment could be considered as a good option alternative to 
watchful-waiting.  
In the pathophysiology of recurrent UTIs in DV patient, post-void residual is of crucial 
importance. Kibar and coll focused their attention in a prospective randomized trial in 
which 94 kids with flowmetric and electromiographic profile compatible with DV, and a 
PVR higher than 20 ml were enrolled (Kibar et al., 2010). Patients were randomized in two 
groups, in the first one kids were informed with behavioral rules, in the other patients 
received also BFM.  At the end of the treatment, there was a complete resolution of PVR in 
64,5% in the group which received both treatments vs. th 34,4% in the first group.  
Moreover, Authors reported a reduction of UTIs in both groups.  



 
Urinary Tract Infections 

 

44

BFM was applied not only in pediatric population, but also recently in adult female patients 
with recurrent UTIs and DV. In a prospective randomized clinical trial, we examined 142 
women assigned to 4 treatment groups (Minardi et al., 2010) The first group underwent only 
uroflowmetry BFM, the second only BFM, the third both the two treatments and the fourth 
only antibiotic treatment when needed. During the treatment and at the end of the protocol, 
patients underwent periodic urine cultures and periodic evaluation of symptom scores and 
urodynamics parameters, trying to show variation in the subjective and objective domain.  
Only 86 subjects completed the protocol. Authors observed an improvement not only in the 
obstructive symptoms but also on irritative domain, as well as on urodynamic parameters, 
with results that remained stable until  the end of follow-up period of 24 months.  UTIs 
incidence was dramatically reduced in all the three group of treatment, but remained 
unchanged in the group that received only antibiotic therapy. The low compliance that 
emerged from this protocol, stresses the commitment, sometimes considerable, required to 
the patient in order to complete the protocol and to keep in touch with the hospital. This is 
of utmost importance because dropping out the protocol leads to a significant worsening of 
the results.  
 

Neurologic causes 

Neurologic diseases (e.g. Multiple sclerosis, Lateral 
amyotrophic sclerosis, Parkinson disease) 
Spinal lesions/trauma 
Pharmacological treatments (e.g. TCA, antimuscarinic 
agents, alpha agonists, ganglion-blockers) 
Endocrine (e.g. Diabetes mellitus, hypotiroidismus) 

Non-neurologic causes 

Mechanic intrinsic bladder outlet obstruction 
(e.g.prostatic hyperplasia, bladder neck disease, urethral 
stenosis,   bladder prolapse) 
Extrinsic obstruction (e.g pelvic masses, pelvic organs 
prolapse) 
Psychogenic (e.g. anxiety syndrome, hysteria) 
Inflammatory (e.g. urethritis, prostatitis, herpes) 
Myopathy (detrusor myopathy, myasthenia gravis) 
Iatrogenic (e.g. after pelvic surgery) 
Idiopathic causes  

Table 1. Most common causes of Urinary retention. 

Anyway, some open questions remain, in particular on which parameters should be 
considered to establish the success of therapy and which prognostic factor the clinician can 
use in this setting.  Nelson and coll evaluated the importance of urodynamic parameters in 
the evaluation of BFM treatment outcomes in DV patients (Nelson et al., 2004). This study 
confirmed the beneficial effect of BFM on the resolution of recurrent UTIs, but there was no 
correlation between the clinical improvement and urodynamic parameters improvement. In 
this study, which involved 81 pediatric patients followed up for more than 9 months after 
the end of BFM, there was no statistically significant difference in urodynamic parameters 
(in particular PVR and maximum flow) between those who had persistence of UTIs and 
those who benefit from this therapy. 
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In a retrospective study on 77 boys with DV, Drzewiecki and coll. showed that some 
parameters are able to predict the success of BFM therapy (Drzewiecki et al., 2009).  The 
Authors noted that compliance and commitment during the treatment are both determinant 
factors, considering that at least 6 sessions are required for pediatric patients and that the 
probability of flow normalization after the third session are reduced to 5%. 
At present, there is no evidence about this point in the adult population; so future 
randomized trials should also aim to identify predictive factors in order to tailor the 
treatment to any specific patient as much as possible.  
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of utmost importance because dropping out the protocol leads to a significant worsening of 
the results.  
 

Neurologic causes 

Neurologic diseases (e.g. Multiple sclerosis, Lateral 
amyotrophic sclerosis, Parkinson disease) 
Spinal lesions/trauma 
Pharmacological treatments (e.g. TCA, antimuscarinic 
agents, alpha agonists, ganglion-blockers) 
Endocrine (e.g. Diabetes mellitus, hypotiroidismus) 

Non-neurologic causes 

Mechanic intrinsic bladder outlet obstruction 
(e.g.prostatic hyperplasia, bladder neck disease, urethral 
stenosis,   bladder prolapse) 
Extrinsic obstruction (e.g pelvic masses, pelvic organs 
prolapse) 
Psychogenic (e.g. anxiety syndrome, hysteria) 
Inflammatory (e.g. urethritis, prostatitis, herpes) 
Myopathy (detrusor myopathy, myasthenia gravis) 
Iatrogenic (e.g. after pelvic surgery) 
Idiopathic causes  

Table 1. Most common causes of Urinary retention. 

Anyway, some open questions remain, in particular on which parameters should be 
considered to establish the success of therapy and which prognostic factor the clinician can 
use in this setting.  Nelson and coll evaluated the importance of urodynamic parameters in 
the evaluation of BFM treatment outcomes in DV patients (Nelson et al., 2004). This study 
confirmed the beneficial effect of BFM on the resolution of recurrent UTIs, but there was no 
correlation between the clinical improvement and urodynamic parameters improvement. In 
this study, which involved 81 pediatric patients followed up for more than 9 months after 
the end of BFM, there was no statistically significant difference in urodynamic parameters 
(in particular PVR and maximum flow) between those who had persistence of UTIs and 
those who benefit from this therapy. 
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In a retrospective study on 77 boys with DV, Drzewiecki and coll. showed that some 
parameters are able to predict the success of BFM therapy (Drzewiecki et al., 2009).  The 
Authors noted that compliance and commitment during the treatment are both determinant 
factors, considering that at least 6 sessions are required for pediatric patients and that the 
probability of flow normalization after the third session are reduced to 5%. 
At present, there is no evidence about this point in the adult population; so future 
randomized trials should also aim to identify predictive factors in order to tailor the 
treatment to any specific patient as much as possible.  
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1. Introduction  
Urinary tract infections (UTIs) are a significant source of morbidity and mortality, despite 
the widespread use of antibiotics. Prostatitis is a prevalent and debilitating disease, 
representing the most common urological diagnosis in men under the age of 50 years. 
Despite its prevalence and its drain on health care resources, our understanding of the 
etiology, diagnosis and treatment of prostatitis has not advanced to a widely accepted level.  
Recently, a consensus has been reached on the definition and classification of prostatitis. 
Traditionally, prostatitis has been classified into the four clinical entities: i) Acute bacterial 
prostatitis (ABP), ii) Chronic bacterial prostatitis (CBP) iii) Non or abacterial prostatitis 
(NBP), iv) Prostatodynia. To improve the definition and understanding of prostatitis a new 
classification system has been proposed by the National Institute of Health (NIH). It 
includes: i) ABP, ii) CBP, represents the traditional forms of acute and chronic bacterial 
prostatitis, defined by the presence of both prostatic inflammation and uro-pathogenic 
bacteria in prostatic culture, iii) Chronic pelvic pain syndrome (CPPS) with the 
inflammatory and non-inflammatory type, which is characterized by prostatitis like 
symptoms  in the absence of bacterial localization to the prostate  iv) asymptomatic 
inflammatory prostatitis, which is characterized by pathogenic evidence of prostatic 
inflammation in patients without symptoms (includes patients who have prostatic 
inflammation diagnosed after prostatic biopsy) (Magri et al., 2010).  
Risk factors that allow bacterial colonization and/or infection of the prostate with 
potentially pathogenic bacteria include intraprostatic ductal reflux; phimosis; specific blood 
groups; unprotected anal intercourse; UTI; acute epididymitis; indwelling urethral or 
condom catheters; and transurethral operations (especially in men who have infected urine) 
(Westesson & Shoskes, 2010). 
In a study, nearly 9.7% of male respondents (aged 20 to 74 years) reported pain or discomfort 
in the perineum or with ejaculation or both, plus a total pain score (possible 0 to 21) of 4 or 
greater (Vaidyanathan & Mishra, 2008). This location and level of pain would be sufficient to 
lead most physicians to make a diagnosis of chronic prostatitis (CP). In this age group, 6.6% of 
men reported similar symptoms over the previous week with a pain score of 8 or greater, 
which would place them in the moderate or severe category (Vaidyanathan & Mishra, 2008). 
The modern era of prostatitis management began in the 1960s with Meares and Stamey's 
description of the four-glass lower urinary tract segmented localization study. With this 
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insight, prostatic massage as the mainstay of prostatitis therapy was abandoned, and 
antimicrobial therapy was rationalized for the percentage of patients with bacteria.  
Unfortunately, the vast majority of patients who were diagnosed with a nonbacterial cause 
continued to suffer the indignities of dismal urologic management (Wagenlehner & Naber, 
2009). 

2. Acute bacterial prostatitis (ABP) 
2.1 Etiology & pathogenesis 
ABP is a generalized infection of the prostate gland and is associated with both lower UTI 
and generalized sepsis. The most common cause of bacterial prostatitis is the 
Enterobacteriaceae family of gram-negative bacteria, which originate from the 
gastrointestinal flora. Aerobic gram-negative organisms principally cause ABP. The 
incidence of infection by various species and their antibiotic susceptibilities follow those of 
organisms that regularly infect the urine (Bruyere, 2010).  
E. coli is implicated in 80% of infections. Pseudomonada aeroginosa, Serratia, Klebsiella and 
Proteas species account for 10-15% of the cases and enterococci for 10-15%. Bacteria reside 
deep in the ducts of the prostate gland and tend to form aggregates (also called bio-films); 
this appears to be a protective mechanism that allows bacteria to persist in the prostate 
gland even when the concomitant cystitis is treated with antibiotics (Bruyere, 2010). 
The gram-positive bacteria become pathogenic only under special circumstances. Anaerobes 
infections are usually polymicrobial. Most infections occur in the peripheral zone, where the 
ducts drain horizontally into the urethra, facilitating reflux of urine as well as intraductal 
stasis. Glands of the central zone empty obliquely and completely into the prostatic urethra, 
preventing easy reflux and stagnation. Invasion by rectal bacteria, either directly or via 
lymphogenous spread, has also been suggested to cause prostatitis (Maglakelidze, 2009).  
Investigators have demonstrated that urine and its metabolites (i.e. urate) are present in the 
prostatic secretion of patients with CP. Prostatic inflammation and subsequent symptoms 
may be simply due to a chemically induced inflammation secondary to the noxious 
substances in the urine that have refluxed into the prostatic duct (Bruyere, 2010). 

2.2 Clinical features   
ABP is marked by fever and chills; rectal, low back, and perineal pain; urinary urgency, 
frequency and dysouria. Prostatic swelling may result in acute urinary retention. Malaise, 
arthralgia, and myalgia are also common. Digital rectal examination reveals an exquisitely 
tender, enlarged gland that is irregularly firm and warm. The urine may be cloudy and 
malodorous because of concomitant UTI. Gross hematuria may be observed occasionally. 
Physical examination is an important part of the evaluation of a patient with prostatitis, but 
it is usually not helpful in making a definitive diagnosis or further classifying prostatitis. It 
assists in ruling out other perineal, anal, neurologic, pelvic, or prostate pathologies and is an 
integral part of the lower urinary tract evaluation. 
In ABP, the patient may be systemically toxic: flushed, febrile, tachycardic, tachypnoic, and 
even hypotensive. The patient usually has suprapubic discomfort due to a degree of urinary 
retention. Perineal pain and anal sphincter spasm may complicate the digital rectal 
examination. The prostate itself is usually described as warm, buggy, and exquisitely tender. 
In cases of ABP, prostatic massage is believed to be unnecessary and even harmful (Erlikh et 
al., 2009). 
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2.3 Diagnosis  
ABP is often diagnosed on the basis of symptoms and physical examination. A complete 
blood count typically shows leukocytosis with a shift toward immature forms. Transurethral 
catheterization as well as prostatic massage should be avoided. Acute urinary retention 
requiring bladder drainage should be managed with a suprapubic tube. The voided urine 
usually shows pyuria and microscopic hematuria due to a UTI (Bruyere, 2010). 

2.4 Management  
Empiric treatment should not be delayed, and should be directed primarily against gram-
negative rods and enterococci. Patients will often respond dramatically to agents that would 
otherwise diffuse poorly into prostatic tissue. The choice of antibiotic is ultimately guided 
by in vitro susceptibility tests. The flouroquinolones work very well as initial therapy, as 
does TMP-SMX. The recommended duration of antibiotic treatment is 4-6 weeks in order to 
prevent the development of complications such as prostatic abscess and chronic prostatitis. 
Supportive measures include antipyretics, analgesics, stool softeners, hydration and bed 
rest. Patients with significant co morbidities, sepsis, immunodeficiency and acute urinary 
retention need hospital admission. Any transurethral catheterization or instrumentation is 
contraindicated during the phase of acute infection. Acute urinary retention should be 
managed with suprapubic drainage until the patient is able to void spontaneously (Weidner 
et al., 2008). 

2.5 Complications  
Some patients may progress to chronic bacterial prostatitis, especially if attention is not 
focused on bacterial eradication. Prostatic abscess can develop in the setting of acute 
prostatitis. Immunocompromised patients, diabetics, those with indwelling urethral 
catheters, or those on chronic dialysis are at higher risk for this complication (Weidner et al., 
2008). 

3. Chronic bacterial prostatitis (CBP)  
3.1 Etiology & pathogenesis 
Chronic bacterial prostatitis is associated with recurrent lower UTIs secondary to focal 
uropathogenic bacteria residing in the prostate gland. Gram-negative bacteria and 
enterococci are usually the causative microorganisms in CBP. Mycoplasms, ureoplasms and 
chlamydial species are appreciable pathogens in BCP and most of them are also implicated 
in the chronic pelvic pain syndromes. Intraprostatic reflux, ductal anatomy, secretory 
dysfanction and alkaline prostatic secretions contribute to CBP.  
Reflux of urine and possibly bacteria into the prostatic ducts has been postulated as one of 
the most important etiologic mechanisms involved in the pathogenesis of chronic bacterial 
and nonbacterial prostatic inflammation. Anatomically, the ductal drainage of the 
peripheral zone is more susceptible than other prostatic zones to intraprostatic ductal reflux 
(Wagenlehner et al., 2008). Investigators have measured high levels of urate and creatinine 
in EPS, which they postulated was caused by urine reflux into the prostatic ducts (Touma & 
Nickel, 2010). Furthermore, carbon particles have been found in the EPS macrophages and 
prostatic acini and ductal system after surgery in men with nonbacterial prostatitis. 
Bacterial microcolonies may adhere to ductal and acinar walls and become impervious to 
antibiotics. Prostatic calculi also provide sanctuary for pathogens. A large proportion of men 
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negative rods and enterococci. Patients will often respond dramatically to agents that would 
otherwise diffuse poorly into prostatic tissue. The choice of antibiotic is ultimately guided 
by in vitro susceptibility tests. The flouroquinolones work very well as initial therapy, as 
does TMP-SMX. The recommended duration of antibiotic treatment is 4-6 weeks in order to 
prevent the development of complications such as prostatic abscess and chronic prostatitis. 
Supportive measures include antipyretics, analgesics, stool softeners, hydration and bed 
rest. Patients with significant co morbidities, sepsis, immunodeficiency and acute urinary 
retention need hospital admission. Any transurethral catheterization or instrumentation is 
contraindicated during the phase of acute infection. Acute urinary retention should be 
managed with suprapubic drainage until the patient is able to void spontaneously (Weidner 
et al., 2008). 

2.5 Complications  
Some patients may progress to chronic bacterial prostatitis, especially if attention is not 
focused on bacterial eradication. Prostatic abscess can develop in the setting of acute 
prostatitis. Immunocompromised patients, diabetics, those with indwelling urethral 
catheters, or those on chronic dialysis are at higher risk for this complication (Weidner et al., 
2008). 

3. Chronic bacterial prostatitis (CBP)  
3.1 Etiology & pathogenesis 
Chronic bacterial prostatitis is associated with recurrent lower UTIs secondary to focal 
uropathogenic bacteria residing in the prostate gland. Gram-negative bacteria and 
enterococci are usually the causative microorganisms in CBP. Mycoplasms, ureoplasms and 
chlamydial species are appreciable pathogens in BCP and most of them are also implicated 
in the chronic pelvic pain syndromes. Intraprostatic reflux, ductal anatomy, secretory 
dysfanction and alkaline prostatic secretions contribute to CBP.  
Reflux of urine and possibly bacteria into the prostatic ducts has been postulated as one of 
the most important etiologic mechanisms involved in the pathogenesis of chronic bacterial 
and nonbacterial prostatic inflammation. Anatomically, the ductal drainage of the 
peripheral zone is more susceptible than other prostatic zones to intraprostatic ductal reflux 
(Wagenlehner et al., 2008). Investigators have measured high levels of urate and creatinine 
in EPS, which they postulated was caused by urine reflux into the prostatic ducts (Touma & 
Nickel, 2010). Furthermore, carbon particles have been found in the EPS macrophages and 
prostatic acini and ductal system after surgery in men with nonbacterial prostatitis. 
Bacterial microcolonies may adhere to ductal and acinar walls and become impervious to 
antibiotics. Prostatic calculi also provide sanctuary for pathogens. A large proportion of men 
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with CBP have multiple prostatic calculi demonstraded on transrectal ultrasound. Prostatic 
calculi can serve as a source for bacterial persistence and recurent UTIs.  
It is believed that the source of the pain is located at the pelvic  area of the sacrum, coccyx, 
ischial tuberosity, pubic rami, and endopelvic fascia (Saini et al., 2008). These areas are 
immediately adjacent to the prostate and bladder and can be recognized by the 
demonstration of a hyperirritable spot (myofascial trigger point) that is painful on 
compression. It is hypothesized that the formation of myofascial trigger points in this area 
may be correlated with mechanical abnormalities in the hip and lower extremities, toilet 
straining, sexual abuse, repetitive trauma, constipation, heavy sports, trauma or unusual 
sexual activity, recurrent infections, and surgery (Sandhu, 2008). 

3.2 Clinical features  
The physical examination of a patient with category II CBP and category III CPPS is usually 
unremarkable. Careful examination and palpation of external genitalia, groin, perineum, 
coccyx, external anal sphincter, and internal pelvic side walls may pinpoint prominent areas 
of pain or discomfort (Magri et al., 2010). The digital rectal examination should be 
performed after the patient has produced pre- prostatic massage urine specimens. The 
prostate may be normal in size and consistency, and it has also been described as enlarged 
and boggy. The degree of elicited pain during prostatic palpation is variable and is 
unhelpful in differentiating a prostatitis syndrome. The prostate should be carefully checked 
for prostatic nodules before a vigorous prostatic massage is performed (Westesson and 
Shoskes, 2010). 
Most patients report dysuria as well as urgency, frequency, and nocturia. Low back and 
perineal pain or discomfort may be present. The natural history is marked by disease 
relapse with occasional acute exacerbations, at which time fever, chills and malaise might 
manifest. Sometimes, the diagnosis is made in an asymptomatic patient in whom bacteriuria 
is found incidentally. There are no characteristic findings on digital rectal examination. The 
prostate frequently feels normal although tenderness, swelling, and firmness may be 
present. Secondary epididymitis is sometimes present. Hematuria, hematospermia and 
urethral discharge are usually rare (Jonsson & Hedelin, 2008). 

3.3 Diagnosis  
The 4-glass test is the standard in prostatitis diagnosis. This technique allows localization of 
bacteria by examining specimens from the urethra, midstream urine, and prostatic se-
cretions. The examiner obtains the first voided 10 mL of urine (urethral specimen), a late 
midstream sample (bladder specimen), a specimen of prostatic secretions following prostatic 
massage, and the first voided 10 mL of urine following the massage. The specimens are 
labeled VB1, VB2, EPS, and VB3, respectively, and they are sent for bacterial identification 
and quantification using standard microbiologic methods. Two or more bacterial 
localization tests may then be required to identify the pathogenic bacteria. If no organisms 
can be cultured, and the prostatic fluid has increased leukocyte count (> 10 per HPF), a 
diagnosis of chronic pelvic pain syndrome (inflammatory type) can be made (Westesson & 
Shoskes, 2010). Despite sterilization in the urine, the pathogen often remains sheltered in the 
prostate because most antibiotics diffuse poorly into prostatic fluid. The prostate-specific 
antigen may be elevated.  
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3.4 Management  
At least 3-4 months of treatment is generally recommended, although some studies have 
reported success with a 4-week course of a fluoroquinolone. Factors that promote antibiotic 
diffusion into the prostate include lipid solubility, weak binding to plasma proteins, and an 
uncharged state. Suppressive antibiotic therapy aimed at eliminating bacterial growth in the 
urine is often instituted. Most antibiotics are concentrated in the urine, allowing for reduced 
dosing while maintaining bactericidal efficacy. The most common daily suppressive 
regimens are nitrofurantoin (100 mg daily), TMP-SMX (200 mg daily), and ciprofloxacin (250 
mg daily). Suppressive therapy can provide relief from symptoms for most men. 
Transurethral prostatectomy (TURP) has been described as an alternative treatment. 
Surgical therapy often provides the only chance at cure in relapsing cases. Studies of 
patients undergoing TURP for chronic bacterial prostatitis followed by 6-8 weeks of 
antibiotic therapy report varying success rates (30%-100%).  

3.5 Complications  
Recurrent UTIs are a major complication of CBP that may even result to infertility. Reports 
of successful treatment of prostatitis leading to improvement in semen parameters and 
pregnancy rates have been made. Although more difficult to quantify, CBP has a negative 
impact on the patient’s quality of life. 

4. Chronic pelvic pain syndrome (CPPS) 
4.1 Etiology & pathogenesis 
CPPS is the most common form of prostatitis and the most poorly understood. CPPS 
categories are divided into inflammatory (category IIIA) and noninflammatory (category 
IIIB) forms, based on the presence of leukocytes in the prostatic fluid. The inflammatory 
type was previously called “nonbacterial prostatitis” (associated with elevated prostatic 
immunoglobulin level); while the non-inflammatory type was called “prostatodynia” (not 
associated with increased immunoglobulins). Several studies have demonstrated chlamydial 
antigens in the prostatic fluid and anti-chlamydial antibodies in the serum of men with 
CPPS. In a study, transperineal prostate biopsy of men with CPPS failed to detect chlamydia 
by either immunofluorescence or culture (Wagenlehner et al., 2008). There seems to be an 
association between backflow of urine into the prostatic ducts and a subsequent chemically 
induced inflammatory prostatitis. Backflow of urine could lead to high concentrations of 
urinary urate and creatinine in the prostate fluid, resulting in a chemical prostatitis. 
Investigators have demonstrated a positive correlation between leukocyte count and urate 
concentration in the prostate fluid (Touma & Nickel, 2010).  
Anatomic or neurophysiologic obstruction resulting in high-pressure dysfunctional flow 
patterns has been implicated in the pathogenesis of prostatitis. Urodynamic studies confirm 
that many patients, particularly those with prostatodynia, have obstructive flow rate 
patterns (e.g. decreased maximal flow rate). During video-urodynamic studies, many 
patients with prostatitis show incomplete funneling of the bladder neck as well as 
vesicourethral dysynergic patterns. Dysynergic voiding may lead to autonomic 
overstimulation of the perineal-pelvic neural system with subsequent development of a 
chronic neuropathic pain state. Alternatively, dysfunctional voiding may result in 
intraprostatic ductal reflux (Hedelin & Fall, 2008). Investigators have found an increased 
maximal urethral closure pressure and a decreased urinary flow rate in patients with CPPS 
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with CBP have multiple prostatic calculi demonstraded on transrectal ultrasound. Prostatic 
calculi can serve as a source for bacterial persistence and recurent UTIs.  
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ischial tuberosity, pubic rami, and endopelvic fascia (Saini et al., 2008). These areas are 
immediately adjacent to the prostate and bladder and can be recognized by the 
demonstration of a hyperirritable spot (myofascial trigger point) that is painful on 
compression. It is hypothesized that the formation of myofascial trigger points in this area 
may be correlated with mechanical abnormalities in the hip and lower extremities, toilet 
straining, sexual abuse, repetitive trauma, constipation, heavy sports, trauma or unusual 
sexual activity, recurrent infections, and surgery (Sandhu, 2008). 

3.2 Clinical features  
The physical examination of a patient with category II CBP and category III CPPS is usually 
unremarkable. Careful examination and palpation of external genitalia, groin, perineum, 
coccyx, external anal sphincter, and internal pelvic side walls may pinpoint prominent areas 
of pain or discomfort (Magri et al., 2010). The digital rectal examination should be 
performed after the patient has produced pre- prostatic massage urine specimens. The 
prostate may be normal in size and consistency, and it has also been described as enlarged 
and boggy. The degree of elicited pain during prostatic palpation is variable and is 
unhelpful in differentiating a prostatitis syndrome. The prostate should be carefully checked 
for prostatic nodules before a vigorous prostatic massage is performed (Westesson and 
Shoskes, 2010). 
Most patients report dysuria as well as urgency, frequency, and nocturia. Low back and 
perineal pain or discomfort may be present. The natural history is marked by disease 
relapse with occasional acute exacerbations, at which time fever, chills and malaise might 
manifest. Sometimes, the diagnosis is made in an asymptomatic patient in whom bacteriuria 
is found incidentally. There are no characteristic findings on digital rectal examination. The 
prostate frequently feels normal although tenderness, swelling, and firmness may be 
present. Secondary epididymitis is sometimes present. Hematuria, hematospermia and 
urethral discharge are usually rare (Jonsson & Hedelin, 2008). 

3.3 Diagnosis  
The 4-glass test is the standard in prostatitis diagnosis. This technique allows localization of 
bacteria by examining specimens from the urethra, midstream urine, and prostatic se-
cretions. The examiner obtains the first voided 10 mL of urine (urethral specimen), a late 
midstream sample (bladder specimen), a specimen of prostatic secretions following prostatic 
massage, and the first voided 10 mL of urine following the massage. The specimens are 
labeled VB1, VB2, EPS, and VB3, respectively, and they are sent for bacterial identification 
and quantification using standard microbiologic methods. Two or more bacterial 
localization tests may then be required to identify the pathogenic bacteria. If no organisms 
can be cultured, and the prostatic fluid has increased leukocyte count (> 10 per HPF), a 
diagnosis of chronic pelvic pain syndrome (inflammatory type) can be made (Westesson & 
Shoskes, 2010). Despite sterilization in the urine, the pathogen often remains sheltered in the 
prostate because most antibiotics diffuse poorly into prostatic fluid. The prostate-specific 
antigen may be elevated.  
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3.4 Management  
At least 3-4 months of treatment is generally recommended, although some studies have 
reported success with a 4-week course of a fluoroquinolone. Factors that promote antibiotic 
diffusion into the prostate include lipid solubility, weak binding to plasma proteins, and an 
uncharged state. Suppressive antibiotic therapy aimed at eliminating bacterial growth in the 
urine is often instituted. Most antibiotics are concentrated in the urine, allowing for reduced 
dosing while maintaining bactericidal efficacy. The most common daily suppressive 
regimens are nitrofurantoin (100 mg daily), TMP-SMX (200 mg daily), and ciprofloxacin (250 
mg daily). Suppressive therapy can provide relief from symptoms for most men. 
Transurethral prostatectomy (TURP) has been described as an alternative treatment. 
Surgical therapy often provides the only chance at cure in relapsing cases. Studies of 
patients undergoing TURP for chronic bacterial prostatitis followed by 6-8 weeks of 
antibiotic therapy report varying success rates (30%-100%).  

3.5 Complications  
Recurrent UTIs are a major complication of CBP that may even result to infertility. Reports 
of successful treatment of prostatitis leading to improvement in semen parameters and 
pregnancy rates have been made. Although more difficult to quantify, CBP has a negative 
impact on the patient’s quality of life. 

4. Chronic pelvic pain syndrome (CPPS) 
4.1 Etiology & pathogenesis 
CPPS is the most common form of prostatitis and the most poorly understood. CPPS 
categories are divided into inflammatory (category IIIA) and noninflammatory (category 
IIIB) forms, based on the presence of leukocytes in the prostatic fluid. The inflammatory 
type was previously called “nonbacterial prostatitis” (associated with elevated prostatic 
immunoglobulin level); while the non-inflammatory type was called “prostatodynia” (not 
associated with increased immunoglobulins). Several studies have demonstrated chlamydial 
antigens in the prostatic fluid and anti-chlamydial antibodies in the serum of men with 
CPPS. In a study, transperineal prostate biopsy of men with CPPS failed to detect chlamydia 
by either immunofluorescence or culture (Wagenlehner et al., 2008). There seems to be an 
association between backflow of urine into the prostatic ducts and a subsequent chemically 
induced inflammatory prostatitis. Backflow of urine could lead to high concentrations of 
urinary urate and creatinine in the prostate fluid, resulting in a chemical prostatitis. 
Investigators have demonstrated a positive correlation between leukocyte count and urate 
concentration in the prostate fluid (Touma & Nickel, 2010).  
Anatomic or neurophysiologic obstruction resulting in high-pressure dysfunctional flow 
patterns has been implicated in the pathogenesis of prostatitis. Urodynamic studies confirm 
that many patients, particularly those with prostatodynia, have obstructive flow rate 
patterns (e.g. decreased maximal flow rate). During video-urodynamic studies, many 
patients with prostatitis show incomplete funneling of the bladder neck as well as 
vesicourethral dysynergic patterns. Dysynergic voiding may lead to autonomic 
overstimulation of the perineal-pelvic neural system with subsequent development of a 
chronic neuropathic pain state. Alternatively, dysfunctional voiding may result in 
intraprostatic ductal reflux (Hedelin & Fall, 2008). Investigators have found an increased 
maximal urethral closure pressure and a decreased urinary flow rate in patients with CPPS 
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compared with control patients (Strauss & Dimitrakov, 2010). They attributed the high 
maximal urethral closure pressure to increased adrenergic stimulation in the proximal 
urethra and bladder neck and proposed that this might cause intraprostatic reflux of urine. 
Based on these observations they suggested the use of the term "painful male urethral 
syndrome". Furthermore, spasm of the pelvic floor muscles alone or in combination with 
bladder neck dysfunction may contribute to chronic pelvic pain (Strauss & Dimitrakov, 
2010). 

4.2 Clinical features  
Voiding dysfunction consisting of dysuria, slow stream, urgency, and frequency. Sexual 
dysfunction may also be reported. On digital rectal examination the prostate may be tender. 
During palpation patients may have tenderness of the pelvic floor muscles and a tight anal 
sphincter (Dellabella et al., 2009). 

4.3 Diagnosis 
The EPS in patients with inflammatory CPPS shows numerous leukocytes and lipid-laden 
macrophages. A 5-fold increase in leykocytes and an 8-fold increase in lipid-laden 
macrophages may be revealed in such patients in comparison control subjects. Urodynamic 
studies may disclose urethral hypertonia and diminished flow in the absence of striated 
sphincter dyssynergia (Vaidyanathan & Mishra, 2008).   

4.4 Management 
Patients may experience symptomatic improvement with antibiotics. This has prompted the 
recommendation of a trial of antibiotic therapy. If chlamydia is suspected, then tetracycline, 
minocycline, doxycycline or erythromycin should be administered. Antibiotic therapy 
should continue for several weeks. Alpha blockers may improve urination and symptoms. 
By decreasing adrenergic tone in the proximal urethra, alpha blockers alleviate urethral 
hypertonia and may prevent intraprostatic reflux of urine. Intraprostatic ductal reflux of 
urine increases the concentration of metabolites containing purine and pyrimidine bases in 
the prostatic ducts, resulting in inflammation (Sandhu, 2008). 
High concentrations of urate in urine can be reduced with the use of allopurinol, a xanthine 
oxidase inhibitor. This may alleviate chemical irritation in the prostate caused by refluxed 
urine. Studies have demonstrated a significant effect of allopurinol on urate concentration in 
the prostatic fluid resulting in symptoms improvement (Maglakelidze 2009). Pelvic floor 
relaxation techniques, biofeedback, prostate massage, and muscle relaxants may reduce 
pelvic floor spasticity and chronic pelvic pain (Maglakelidze, 2009). Interestingly, a pollen 
extract (Cernilton) was recently assessed in a multicentre, prospective, randomised, double-
blind, placebo-controlled phase 3 study (Wagenlehner, 2009). Participants were randomised 
to receive oral capsules of the pollen extract or placebo for 12 weeks. Compared to placebo, 
the pollen extract significantly improved total symptoms, pain, and QoL in patients with 
inflammatory CP/CPPS without severe side-effects. 
Prostatic inflammation is associated with category III CPPS, while elevated cytokine levels 
are noted in the semen and EPS of patients with inflammatory CPPS. Non-steroidal anti-
inflammatory drugs, steroids, and immunosuppressive medication theoretically may 
improve the symptoms. Surgical therapy with transrurethral microwave thermotherapy or 
neodynium:YAG laser has also been suggested (Hedelin & Fall, 2008). 
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4.5 Complications  
CPPS may have a negative effect in fertility. Lower sperm counts and abnormal 
morphologic and motility parameters have been described in affected patients. These 
parameters may worsen with time. As with chronic bacterial prostatitis, the quality of life is 
adversely affected (Jonsson & Hedelin, 2008). 

5. Epilogue
ABP can be efficiently treated with antibiotics that will eventually eradicate the bacteria. 
CBP treatment is based on long  term antibiotic regimens. CP/CPPS management needs 
multimodal medication with antibiotics, alpha blockers, anti-inflammatory drugs and 
hormonal agents (Westesson & Shoskes, 2010). 
Chronic nonbacterial prostatitis and prostatodynia (category III CPPS) constitute the vast 
majority of prostatitis cases and are difficult to manage. Performing a lower urinary tract 
evaluation (at least a two-glass premassage and postmassage screen) to rule out uro-
pathogens, microscopy of postprostatic massage urine sediment (to differentiate 
inflammatory from non-inflammatory CPPS), and employment of the newly validated NIH-
CPSI will allow optimal management (Strauss & Dimitrakov, 2010). Available treatments 
include: i) antibiotics that cover potential pathogens (including Chlamydia and Ureaplasma, 
at least in category IIIA); ii) alpha blockers (especially in patients with obstructive voiding 
symptoms); iii) anti-inflammatory agents; iv) muscle relaxants; v) pento-san polysulfate (in 
patients with bladder or interstitial cystitis-like symptoms); and vi) physical therapy (i.e. 
prostate, perineal, or pelvic floor massage, myofascial trigger point release, and 
biofeedback). For refractory symptoms, other treatment modalities include microwave 
hyperthermia or thermotherapy and TURP (Magri et al., 2010). 
Asymptomatic inflammatory prostatitis (category IV) does not require symptomatic 
therapy. However, antibiotic medication may be indicated in patients who are scheduled to 
undergo endoscopic procedures, and in patients with concomitant inflammation and 
infertility (Murphy et al., 2009). 
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Based on these observations they suggested the use of the term "painful male urethral 
syndrome". Furthermore, spasm of the pelvic floor muscles alone or in combination with 
bladder neck dysfunction may contribute to chronic pelvic pain (Strauss & Dimitrakov, 
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dysfunction may also be reported. On digital rectal examination the prostate may be tender. 
During palpation patients may have tenderness of the pelvic floor muscles and a tight anal 
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The EPS in patients with inflammatory CPPS shows numerous leukocytes and lipid-laden 
macrophages. A 5-fold increase in leykocytes and an 8-fold increase in lipid-laden 
macrophages may be revealed in such patients in comparison control subjects. Urodynamic 
studies may disclose urethral hypertonia and diminished flow in the absence of striated 
sphincter dyssynergia (Vaidyanathan & Mishra, 2008).   
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Patients may experience symptomatic improvement with antibiotics. This has prompted the 
recommendation of a trial of antibiotic therapy. If chlamydia is suspected, then tetracycline, 
minocycline, doxycycline or erythromycin should be administered. Antibiotic therapy 
should continue for several weeks. Alpha blockers may improve urination and symptoms. 
By decreasing adrenergic tone in the proximal urethra, alpha blockers alleviate urethral 
hypertonia and may prevent intraprostatic reflux of urine. Intraprostatic ductal reflux of 
urine increases the concentration of metabolites containing purine and pyrimidine bases in 
the prostatic ducts, resulting in inflammation (Sandhu, 2008). 
High concentrations of urate in urine can be reduced with the use of allopurinol, a xanthine 
oxidase inhibitor. This may alleviate chemical irritation in the prostate caused by refluxed 
urine. Studies have demonstrated a significant effect of allopurinol on urate concentration in 
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to receive oral capsules of the pollen extract or placebo for 12 weeks. Compared to placebo, 
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inflammatory CP/CPPS without severe side-effects. 
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morphologic and motility parameters have been described in affected patients. These 
parameters may worsen with time. As with chronic bacterial prostatitis, the quality of life is 
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inflammatory from non-inflammatory CPPS), and employment of the newly validated NIH-
CPSI will allow optimal management (Strauss & Dimitrakov, 2010). Available treatments 
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biofeedback). For refractory symptoms, other treatment modalities include microwave 
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therapy. However, antibiotic medication may be indicated in patients who are scheduled to 
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1. Introduction 
A renal abscess is an accumulation of pus inside renal parenchyma. The presence of pus can 
be substantiated by means of imaging or percutaneous aspiration. When we say pus, we 
usually mean liquefaction while there is also another entity we can call a gaseous abscess 
resembling emphysematous pyelonephritis in imaging, but following a more benign course 
such as a localized renal abscess [1]. 

1.1 Pathophysiology 
A host of organisms may cause a renal abscess. There seems to be a chronological shift of 
organisms from  staphylococci to Gram negatives since 25 years ago with prevailing use of 
antibiotics.[2] Currently, the most common organisms are E. coli, Klebsiella pneumoniae, 
Pseudomona aeruginosa and Staphylococcus aureus [3]. Other unusual organisms are likely and 
clinical background should raise the suspicion e.g. Salmonella parathyphi A [4], Salmonella 
typhimurium [5], Nocardia [6], Morganella morganii [7], Streptococcus group B [8], Serratia 
marcescens [9]. In immunocompromised and AIDS patients, other opportunistic organisms 
like Aspergillus fumigatus [10] and Mycobacterium avium complex [11] may also be involved. 
Special clinical scenarios must raise suspicion toward specific organisms. Endophthalmitis 
accompanied by renal abscess has been reported with Klebsiella pneumonia and Serratia 
marcescens [9, 12]. In one case, Salmonella virchow phage type 1 renal abscess was reported  in 
association with pelvis transitional cell carcinoma [13]. Renal abscess may also happen as a 
consequence of infective endocarditis metastasis [14]. 
Predisposing factors are diabetes mellitus, urolithiasis, immunosuppression [15] and 
vesicoureteral reflux [16-19]. Nevertheless, it may happen in previously healthy people [20, 21]. 

1.2 Clinical presentation 
Although fever, nausea and vomiting, abdominal and flank pain are cited as usual clinical 
features [3], yet in some instances the symptoms may be insidious and nonspecific [19, 22]. 
Disguised clinical presentations must not be ignored since renal abscess with infectious 
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be substantiated by means of imaging or percutaneous aspiration. When we say pus, we 
usually mean liquefaction while there is also another entity we can call a gaseous abscess 
resembling emphysematous pyelonephritis in imaging, but following a more benign course 
such as a localized renal abscess [1]. 
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A host of organisms may cause a renal abscess. There seems to be a chronological shift of 
organisms from  staphylococci to Gram negatives since 25 years ago with prevailing use of 
antibiotics.[2] Currently, the most common organisms are E. coli, Klebsiella pneumoniae, 
Pseudomona aeruginosa and Staphylococcus aureus [3]. Other unusual organisms are likely and 
clinical background should raise the suspicion e.g. Salmonella parathyphi A [4], Salmonella 
typhimurium [5], Nocardia [6], Morganella morganii [7], Streptococcus group B [8], Serratia 
marcescens [9]. In immunocompromised and AIDS patients, other opportunistic organisms 
like Aspergillus fumigatus [10] and Mycobacterium avium complex [11] may also be involved. 
Special clinical scenarios must raise suspicion toward specific organisms. Endophthalmitis 
accompanied by renal abscess has been reported with Klebsiella pneumonia and Serratia 
marcescens [9, 12]. In one case, Salmonella virchow phage type 1 renal abscess was reported  in 
association with pelvis transitional cell carcinoma [13]. Renal abscess may also happen as a 
consequence of infective endocarditis metastasis [14]. 
Predisposing factors are diabetes mellitus, urolithiasis, immunosuppression [15] and 
vesicoureteral reflux [16-19]. Nevertheless, it may happen in previously healthy people [20, 21]. 

1.2 Clinical presentation 
Although fever, nausea and vomiting, abdominal and flank pain are cited as usual clinical 
features [3], yet in some instances the symptoms may be insidious and nonspecific [19, 22]. 
Disguised clinical presentations must not be ignored since renal abscess with infectious 
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metastases to the lung has been mistaken with Wilm's tumor [22]. Acute peritonitis as first 
manifestation of a renal abscess has also been reported.[23]Endophthalmitis associated with 
renal abscess and klebsiella pneumonia[12, 23, 24] and Serratia marcescens [9] was mentioned. 
Renal abscess has also been reported in accompaniment with transitional cell carcinoma [25] 
and renal cell carcinoma [13, 25, 26] in the same kidney so a nonresolving mass must be 
approached with suspicion.  
It looks that renal abscess has a high potential for infectious metastasis reasonably justified 
by high vascularity of the kidney; hence, a whole body physical exam must never be 
underrated. 

1.3 Paraclinic findings 
In a series of pediatric patients, urine culture was positive in 60% and blood culture was 
positive in only 2%.[3]. In another series, less than half of the patients had either an 
abnormal urinalysis or urine culture [17]. Thus, there is a high likelihood of negative urine 
and blood cultures.  Leukocytosis is common [17]and elevated blood urea and creatinine 
have been linked with poorer prognosis [15]. 
Sonography is undoubtedly a very useful and accessible tool for detecting renal pathologies, 
but there are still some doubts on its reliability as the sole diagnostic tool for detecting and 
confirming a renal abscess. It seems wise to use sonography as a screening tool and then 
proceed to CT scan if any mass or nephromegaly is seen. The inclusion of nephromegaly as 
a criterion to perform a computerized tomography seems to increase the sensitivity of 
sonography [3]. Actually, we may see a hypoechoic or anechoic mass or nephromegaly. 
There may also be debris inside the mass moving in the position changes [27]. CT must also 
be performed in those patients with normal sonogram, but discordant clinical behavior (lack 
of response to antibiotics, infectious metastases, papillary necrosis, etc), or if there remains 
any doubt in diagnosis based on sonography. 
CT is the most accurate modality for detecting a renal abscess [27]. An abscess usually 
appears as a well-defined low-density mass. An irregular and thick wall or pseudocapsule 
is better imaged after contrast enhancement [28, 29]. A separately defined entity called 
gaseous abscess can also be effectively diagnosed by CT. On CT, gas-forming renal 
abscesses appear as discrete gas pockets without purulent material within the renal 
parenchyma. The interesting point is that in this entity, despite emphysematous 
pyelonephritis gas persisted to exist in images several months after treatment [1]. In CT, 
gas has a HU number≤ -150 but liquid ±10 HU [27]. Although, Inidium 111 and Gallium 
isotope scans may have a role in diagnosis, but false negative results have been reported 
[30]. These scans may be particularly useful when the location of infectious intra 
abdominal process is still unknown. 
In children with a history of febrile urinary infection, performing a MCUG must not be 
neglected. Not only this helps to detect vesicoureteral reflux, but also reveals many 
unsuspected bladder outlet and urethral pathologies. A DMSA scan 6 to 12 months later can 
show the extent of damage to renal parenchyma [3]. 

1.4 Management 
The treatment of renal abscess has changed from open intervention to percutaneous 
drainage and intravenous antibiotic therapy. In a retrospective but critical analytic study, 
abscesses less than 3cm in diameter responded well to antibiotic therapy, those between 3 
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and 5 cm responded 92% to single percutaneous treatment (using either sonography or CT 
guidance), and in abscesses above 5cm responded to multiple drainages (alternatively a 
temporary indwelling pigtail) and antibiotic treatment.[31]. Percutaneous treatment seems 
as effective as open surgical drainage [31, 32]. The presence of immunocompromised state 
must push us one step forward to a more aggressive approach. The choice of antibiotic in 
cases of percutaneous drainage can best be based on aspirate culture results. In non-drained 
cases, positive urine culture can guide the treatment that an empirical regimen covering 
both Gram-negative enteric bacteria and staphylococci can be used otherwise.  In small 
abscesses which do not respond to antibiotics in a timely manner, a percutaneous drainage 
can be both curative and diagnostic. 
Three to six weeks of parenteral and oral antibiotic may be necessary [3], but the duration of 
antibiotic treatment and time of switching to oral treatment must be based on clinical 
response and sonographic follow up. As previously cited, concomitance with renal 
malignancies have been reported thus lack of adequate response to treatment must raise a 
suspicion.  

2. Perinephric abscess 
2.1 Introduction 
Perinephric abscess refers to accumulation of pus inside Gerota's fascia. There may also be 
gas bubbles especially in diabetics due to glucose fermentation [33] and this should not be 
mistaken with separate entity of emphysematous pyelonephritis. 
The incidence ranges from 1 to 10 cases for every 10,000 hospital admissions. Men and 
women are affected with equal frequency. [33] In a population based cohort retrospective 
study in an eleven-year follow-up period [34] the incidence rates for the diabetics and the 
control subjects were 4.6 and 1.1/10000 person-years, respectively, representing an adjusted 
hazard ratio of 3.81 (95% confidence interval 3·44-4·23). Therefore, diabetes mellitus in an 
immunocompromised setting stands as a major predisposing factor. 

2.2 Pathophysiology 
Most of perinephric abscesses are caused by ascending enteric Gram-negative bacteria.[35]. 
In a study of 26 cases, 67% of cultures yielded enteric Gram-negative bacteria[36], however, 
metastatic staphylococcal infections still happen [33].This entity may also follow the 
chronological shift of causative organism of renal abscess. A host of other unusual bacteria 
have also been reported. Among those, Shigella flexneri [37],  Stenotrophomonas maltophilia 
[38], Nocardia [39] group B streptococcus [40], Candida glabrata [41], Aspergillus fumigates  [42], 
Listeria monocytogenes [43], coagulase-negative Staphylococcus [44], Salmonella [45], Torulopsis 
glabrata [46, 47], Bacteroides fragilis [48] and  Trichomonas vaginalis [49] have been reported to 
cause perinephric abscess in non-transplant patients.  Mycoplasma hominis [50], Streptococcus 
agalactiae [51], Nocardia[52], and Gardnerella vaginalis[53] have been reported to cause 
perinephric abscess in patients with kidney graft. In a review of kidney transplant patients 
with perinephric abscess, staphylococci with a prevalence of 36%, and aerobic Gram-
negative rods with a prevalence of 32% were the most common pathogens. Also of note 
were the presence of anaerobes (28%) and candida albicans (4%) [54]. 
There are also predisposing conditions strongly related with development of perinephric 
abscess. In a study on 23 patients, the predisposing conditions were identified as follows: 
diabetes mellitus in 65.2% , history of nephrolithiasis in 43.47%, and the history of urological 
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metastases to the lung has been mistaken with Wilm's tumor [22]. Acute peritonitis as first 
manifestation of a renal abscess has also been reported.[23]Endophthalmitis associated with 
renal abscess and klebsiella pneumonia[12, 23, 24] and Serratia marcescens [9] was mentioned. 
Renal abscess has also been reported in accompaniment with transitional cell carcinoma [25] 
and renal cell carcinoma [13, 25, 26] in the same kidney so a nonresolving mass must be 
approached with suspicion.  
It looks that renal abscess has a high potential for infectious metastasis reasonably justified 
by high vascularity of the kidney; hence, a whole body physical exam must never be 
underrated. 

1.3 Paraclinic findings 
In a series of pediatric patients, urine culture was positive in 60% and blood culture was 
positive in only 2%.[3]. In another series, less than half of the patients had either an 
abnormal urinalysis or urine culture [17]. Thus, there is a high likelihood of negative urine 
and blood cultures.  Leukocytosis is common [17]and elevated blood urea and creatinine 
have been linked with poorer prognosis [15]. 
Sonography is undoubtedly a very useful and accessible tool for detecting renal pathologies, 
but there are still some doubts on its reliability as the sole diagnostic tool for detecting and 
confirming a renal abscess. It seems wise to use sonography as a screening tool and then 
proceed to CT scan if any mass or nephromegaly is seen. The inclusion of nephromegaly as 
a criterion to perform a computerized tomography seems to increase the sensitivity of 
sonography [3]. Actually, we may see a hypoechoic or anechoic mass or nephromegaly. 
There may also be debris inside the mass moving in the position changes [27]. CT must also 
be performed in those patients with normal sonogram, but discordant clinical behavior (lack 
of response to antibiotics, infectious metastases, papillary necrosis, etc), or if there remains 
any doubt in diagnosis based on sonography. 
CT is the most accurate modality for detecting a renal abscess [27]. An abscess usually 
appears as a well-defined low-density mass. An irregular and thick wall or pseudocapsule 
is better imaged after contrast enhancement [28, 29]. A separately defined entity called 
gaseous abscess can also be effectively diagnosed by CT. On CT, gas-forming renal 
abscesses appear as discrete gas pockets without purulent material within the renal 
parenchyma. The interesting point is that in this entity, despite emphysematous 
pyelonephritis gas persisted to exist in images several months after treatment [1]. In CT, 
gas has a HU number≤ -150 but liquid ±10 HU [27]. Although, Inidium 111 and Gallium 
isotope scans may have a role in diagnosis, but false negative results have been reported 
[30]. These scans may be particularly useful when the location of infectious intra 
abdominal process is still unknown. 
In children with a history of febrile urinary infection, performing a MCUG must not be 
neglected. Not only this helps to detect vesicoureteral reflux, but also reveals many 
unsuspected bladder outlet and urethral pathologies. A DMSA scan 6 to 12 months later can 
show the extent of damage to renal parenchyma [3]. 

1.4 Management 
The treatment of renal abscess has changed from open intervention to percutaneous 
drainage and intravenous antibiotic therapy. In a retrospective but critical analytic study, 
abscesses less than 3cm in diameter responded well to antibiotic therapy, those between 3 
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and 5 cm responded 92% to single percutaneous treatment (using either sonography or CT 
guidance), and in abscesses above 5cm responded to multiple drainages (alternatively a 
temporary indwelling pigtail) and antibiotic treatment.[31]. Percutaneous treatment seems 
as effective as open surgical drainage [31, 32]. The presence of immunocompromised state 
must push us one step forward to a more aggressive approach. The choice of antibiotic in 
cases of percutaneous drainage can best be based on aspirate culture results. In non-drained 
cases, positive urine culture can guide the treatment that an empirical regimen covering 
both Gram-negative enteric bacteria and staphylococci can be used otherwise.  In small 
abscesses which do not respond to antibiotics in a timely manner, a percutaneous drainage 
can be both curative and diagnostic. 
Three to six weeks of parenteral and oral antibiotic may be necessary [3], but the duration of 
antibiotic treatment and time of switching to oral treatment must be based on clinical 
response and sonographic follow up. As previously cited, concomitance with renal 
malignancies have been reported thus lack of adequate response to treatment must raise a 
suspicion.  

2. Perinephric abscess 
2.1 Introduction 
Perinephric abscess refers to accumulation of pus inside Gerota's fascia. There may also be 
gas bubbles especially in diabetics due to glucose fermentation [33] and this should not be 
mistaken with separate entity of emphysematous pyelonephritis. 
The incidence ranges from 1 to 10 cases for every 10,000 hospital admissions. Men and 
women are affected with equal frequency. [33] In a population based cohort retrospective 
study in an eleven-year follow-up period [34] the incidence rates for the diabetics and the 
control subjects were 4.6 and 1.1/10000 person-years, respectively, representing an adjusted 
hazard ratio of 3.81 (95% confidence interval 3·44-4·23). Therefore, diabetes mellitus in an 
immunocompromised setting stands as a major predisposing factor. 

2.2 Pathophysiology 
Most of perinephric abscesses are caused by ascending enteric Gram-negative bacteria.[35]. 
In a study of 26 cases, 67% of cultures yielded enteric Gram-negative bacteria[36], however, 
metastatic staphylococcal infections still happen [33].This entity may also follow the 
chronological shift of causative organism of renal abscess. A host of other unusual bacteria 
have also been reported. Among those, Shigella flexneri [37],  Stenotrophomonas maltophilia 
[38], Nocardia [39] group B streptococcus [40], Candida glabrata [41], Aspergillus fumigates  [42], 
Listeria monocytogenes [43], coagulase-negative Staphylococcus [44], Salmonella [45], Torulopsis 
glabrata [46, 47], Bacteroides fragilis [48] and  Trichomonas vaginalis [49] have been reported to 
cause perinephric abscess in non-transplant patients.  Mycoplasma hominis [50], Streptococcus 
agalactiae [51], Nocardia[52], and Gardnerella vaginalis[53] have been reported to cause 
perinephric abscess in patients with kidney graft. In a review of kidney transplant patients 
with perinephric abscess, staphylococci with a prevalence of 36%, and aerobic Gram-
negative rods with a prevalence of 32% were the most common pathogens. Also of note 
were the presence of anaerobes (28%) and candida albicans (4%) [54]. 
There are also predisposing conditions strongly related with development of perinephric 
abscess. In a study on 23 patients, the predisposing conditions were identified as follows: 
diabetes mellitus in 65.2% , history of nephrolithiasis in 43.47%, and the history of urological 



Urinary Tract Infections 62

surgery in 17.38% [55]. In some older series (1977) diabetes had a smaller  role, and the main 
role was attributed to nephrolithiasis (76%)[36]. 
Some special conditions have been described in accompaniment or as a cause of perinephric 
abscess: urinary extravasation associated with renal colic [56], colon carcinoma [57],renal cell 
carcinoma [58], extracorporeal shockwave lithotripsy [59-61], splenic abscess [62, 63], and 
ruptured retrocecal appendicitis [64, 65]. One must not ignore these conditions in the 
management of a perinephric abscess. 

2.3 Clinical presentation 
It may either present as an insidious disease or an acute process. Ascending infections have 
been described to follow an insidious course, but metastatic staphylococcal abscesses may 
show a dramatic course [33]. Yeast abscesses have been described to follow a chronic course 
with nonspecific symptoms that the usual culprits are Candida and Torulopsis species [66]. A 
patient with perinephric abscess has been presented with just a chronic diarrhea and weight 
loss [67]. Therefore, in most cases a high level of suspicion is necessary to proceed to 
appropriate imaging modalities. Unusual presentations as acute peritonitis [68, 69], acute 
pancreatitis [70], and fulminant hepatic failure [71] have been described too. A 
subcutaneous abscess in the loin may root in a perinephric abscess [72]. Nephrobronchial 
fistula may happen in the context of an unknown perinephric abscess; hence, if a patient 
presents perirenal suppurative process with the chest x-ray findings consistent with pleural 
effusion or pulmonary infiltrates, perinephric abscess have to be considered in differential 
diagnosis along with malignancy [73].  

2.4 Paraclinic findings 
Aspirate cultures are undoubtedly the best guide for antibiotic treatment. Laboratory 
findings have also been correlated with prognosis and outcome. 
In a retrospective study recruiting 23 patients, hemoglobin levels and white blood cells 
counts were associated with the loss of the renal unit,  thrombocytopenia was linked with 
septic shock, and hyponatremia with mortality [55]. 
In this study, a hemoglobin concentration greater than 10.5 g/dl and  a white blood cell 
count lower than 15 x 10(3) / microL were associated with nephrectomy, and a platelet 
count lower than 140 x 10(3) / microL with septic shock. General mortality was 8.69%, and 
78.3% of patients required nephrectomy. Patients who died had fever, anemia, a white blood 
cell count greater than 16 x 10(3) / microL, platelet count lower than 130 x 10(3) / microL, 
and hyponatremia of 125 mEq/L or lower at hospital admittance, and all of them had septic 
shock that required nephrectomy. 
Sonography alone may have a substantial risk of incorrect or missed diagnosis. In a study, 
perinephric abscesses which were not seen in ultrasonography were those associated with 
pyonephrosis, abscesses smaller than 6 cm and gas-forming abscesses [74]. Although 
sonography has an important role as a non-ionizing accessible tool of first investigation, it 
could be misleading in some cases. One should not hesitate performing a CT scan in cases of 
urinary tract infection with an unusual course or resistant to antibiotic treatment with normal 
sonography. In another study, sonography failed to show abscesses smaller than 2-3 Cm. 
CT scan has also the advantage of detecting concomitant pathologies cited before. As 
nephrolithiasis has been cited as a major predisposer, the investigation must be completed 
both with and without contrast for optimal results. Gallium-67 scintigraphy appears to be 
useful in detecting perinephric abscess in patients with polycystic kidney disease 
undergoing chronic hemodialysis [75]. 
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2.5 Management 
Antibiotic treatment must be guided by urine, blood or aspirate culture. Before the culture 
results get ready, a regimen covering both Gram-negative enteric bacteria and staphylococci 
is usually adopted. However, the mainstay of treating a perinephric abscess is drainage [33]. 
A percutaneous approach is preferred in most cases unless in multilocular, very large 
abscesses with extremely viscous purulent material in which open drainage is necessary. 
Laparoscopic treatment has been reported [76], but  evidently it has not been introduced as a 
standard method yet. 
Controlling diabetes mellitus or any underlying condition is mandatory. A urinary 
obstruction must be dealt with by either a percutaneous stent, or double J stent, or open 
intervention.  In blood dyscrasias recombinant human granulocyte colony-stimulating factor 
may be helpful [77]. Unusual causative or accompanying conditions cited before must be 
cautiously addressed. Hematuria is uncommon in cases of perinephric abscess. When 
hematuria is present in a patient with perinephric abscess further evaluation is necessary to 
rule out an associated malignant process [58]. 

3. Spectrum of infected hydronephrosis and pyonephrosis 
3.1 Introduction 
Infected hydronephrosis denotes bacterial infection in a hydronephrotic kidney. 
Pyonephrosis occurs when suppurative destruction of parenchyma has begun. By 
definition, both conditions occur in obstructed kidneys. The level of obstruction varies from 
a calyceal infundibulum (pyocalyx) to bladder outlet (pyocystitis/pyonephrosis). 

3.2 Pathophysiology 
The same organisms responsible for acute pyelonephritis may infect a hydronephrotic kidney 
and ultimately lead to pyonephrosis. Staphylococcus aureus, Mycobacterium tuberculosis, Candida 
albicans and Anaerobes are other putative organisms [78-80]. The etiology of obstruction may 
also vary and must be differentiated on the context of patient's age and medical history. One 
must consider that in many cases there may be a disparity between voided urine culture and 
pelvis urine culture aspirated by needle or nephrostomy; hence, the best antibiotic regimen 
must cover both organisms after the aspirate from pelvis is obtained [81]. 

3.3 Clinical presentation 
A patient with these conditions have usually fever and chills, loin pain(in almost all), CVA 
tenderness, lower urinary tract symptoms(48%), and palpable renal mass (58%)[82]. In a 
study, an initial body temperature of above 38.5 degrees Celsius (P=0.0004) and an elevated 
BMI (P=0.002) were connotative as predictors of urosepsis. [83] However, occasionally the 
symptoms may be vague or even totally absent [84].The author draws your attention to a 
case of pyocalyx which may only have a lost calyx in EXU without clinical symptoms of 
infection where an inappropriate ESWL to treat a stone may cause sepsis and eventual death 
(unpublished data). 

3.4 Paraclinic findings 
As previously stated, blood culture, voided urine, and pelvis aspirate guides the antibiotic 
treatment. CRP and ESR were used to differentiate between the infected hydronephrosis 
and pyonephrosis with a cut-off at 3mg/dl for CRP and 100 mm/hr for ESR as useful 
adjuncts for sonographic studies [85]. Cr and blood biochemistry leads to treatment in cases 
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surgery in 17.38% [55]. In some older series (1977) diabetes had a smaller  role, and the main 
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patient with perinephric abscess has been presented with just a chronic diarrhea and weight 
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appropriate imaging modalities. Unusual presentations as acute peritonitis [68, 69], acute 
pancreatitis [70], and fulminant hepatic failure [71] have been described too. A 
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fistula may happen in the context of an unknown perinephric abscess; hence, if a patient 
presents perirenal suppurative process with the chest x-ray findings consistent with pleural 
effusion or pulmonary infiltrates, perinephric abscess have to be considered in differential 
diagnosis along with malignancy [73].  
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Aspirate cultures are undoubtedly the best guide for antibiotic treatment. Laboratory 
findings have also been correlated with prognosis and outcome. 
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cell count greater than 16 x 10(3) / microL, platelet count lower than 130 x 10(3) / microL, 
and hyponatremia of 125 mEq/L or lower at hospital admittance, and all of them had septic 
shock that required nephrectomy. 
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pyonephrosis, abscesses smaller than 6 cm and gas-forming abscesses [74]. Although 
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sonography. In another study, sonography failed to show abscesses smaller than 2-3 Cm. 
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nephrolithiasis has been cited as a major predisposer, the investigation must be completed 
both with and without contrast for optimal results. Gallium-67 scintigraphy appears to be 
useful in detecting perinephric abscess in patients with polycystic kidney disease 
undergoing chronic hemodialysis [75]. 
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2.5 Management 
Antibiotic treatment must be guided by urine, blood or aspirate culture. Before the culture 
results get ready, a regimen covering both Gram-negative enteric bacteria and staphylococci 
is usually adopted. However, the mainstay of treating a perinephric abscess is drainage [33]. 
A percutaneous approach is preferred in most cases unless in multilocular, very large 
abscesses with extremely viscous purulent material in which open drainage is necessary. 
Laparoscopic treatment has been reported [76], but  evidently it has not been introduced as a 
standard method yet. 
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intervention.  In blood dyscrasias recombinant human granulocyte colony-stimulating factor 
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hematuria is present in a patient with perinephric abscess further evaluation is necessary to 
rule out an associated malignant process [58]. 

3. Spectrum of infected hydronephrosis and pyonephrosis 
3.1 Introduction 
Infected hydronephrosis denotes bacterial infection in a hydronephrotic kidney. 
Pyonephrosis occurs when suppurative destruction of parenchyma has begun. By 
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3.2 Pathophysiology 
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must cover both organisms after the aspirate from pelvis is obtained [81]. 

3.3 Clinical presentation 
A patient with these conditions have usually fever and chills, loin pain(in almost all), CVA 
tenderness, lower urinary tract symptoms(48%), and palpable renal mass (58%)[82]. In a 
study, an initial body temperature of above 38.5 degrees Celsius (P=0.0004) and an elevated 
BMI (P=0.002) were connotative as predictors of urosepsis. [83] However, occasionally the 
symptoms may be vague or even totally absent [84].The author draws your attention to a 
case of pyocalyx which may only have a lost calyx in EXU without clinical symptoms of 
infection where an inappropriate ESWL to treat a stone may cause sepsis and eventual death 
(unpublished data). 

3.4 Paraclinic findings 
As previously stated, blood culture, voided urine, and pelvis aspirate guides the antibiotic 
treatment. CRP and ESR were used to differentiate between the infected hydronephrosis 
and pyonephrosis with a cut-off at 3mg/dl for CRP and 100 mm/hr for ESR as useful 
adjuncts for sonographic studies [85]. Cr and blood biochemistry leads to treatment in cases 
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of bilateral obstruction or functional solitary kidneys. The role and presence of predisposers 
like diabetes or immunocompromised states not formerly known must not be overlooked 
and should be evaluated with appropriate investigations. 
In patients with clinical suspicion of renal infection, sonography has an accuracy of up to 
96%.[86]. Sonography can distinguish internal echoes inside the pelvicalyceal system or 
areas of decreased echogenicity inside parenchyma. As previously said, combining 
sonography findings with CRP and ESR may further increase the accuracy of differentiating 
between infected hydronephrosis and pyonephrosis. 
MRI with diffusion-weighted images (MRI Dw) and Apparent Diffusion Coefficient (ADC) 
are helpful to distinguish between infected hydronephrosis and pyonephrosis[87].The 
extremely low ADC of the renal pelvis of the pyonephrotic kidney accounts for its signal 
hyperintensity on diffusion-weighted images as well as signal hypointensity on ADC maps. 
However, the decision to use MRI must be based on the fact that whether or not it could 
change the treatment strategy. Other modalities may be used to discover the etiology of 
obstruction e.g. a spiral non-contrast CT may be the best tool to detect an obstructive 
ureteral stone. 
One must avoid using a retrograde pyelography as it increases the internal pressure of an 
obstructed infected system and may cause urosepsis. Therefore, t should only be done 
after the infection has been eradicated. In addition to relieving the obstruction in the acute 
phase, percutaneous nephrostomy provides the opportunity of antegrade pyelography 
afterwards. Hence, one can have a near physiologic dynamic image while maintaining a 
safety valve. 

3.5 Management 
Starting antibiotic treatment and relieving obstruction in an obstructed infected kidney are 
urgent. One starts antibiotic empirically covering Gram-negatives, anaerobes, and 
staphylococci, and then tailors the regimen according to the aspirate culture. Percutaneous 
nephrostomy has proved to be an ideal option for obstruction relief in multiple case series 
including a prospective study while gaining a reliable culture and providing access for 
subsequent imaging[88-91]. A considerable disparity has been found between the results of 
the pelvis aspirate and the voided urine culture.[81]Nevertheless, the choice of the method 
for relieving obstruction must be astutely individualized. In a pelvic kidney with overlying 
bowel, percutaneous nephrostomy is no longer the ideal first line option and a retrograde 
stent may be preferred if proved feasible. In a child with duplex system and upper moiety 
pyonephrosis, upper moiety cutaneous pyelostomy may be performed. For an irreversibly 
non-functional kidney with a thin parenchyme, a primary nephrectomy may be curative. In 
many cases, a strict differentiation between infected hydronephrosis and pyonephrosis does 
not seem to radically change the treatment strategy. 

4. Acute focal bacterial nephritis (AFBN) or lobar nephronia 
4.1 Introduction 
Acute focal bacterial nephritis (AFBN) or acute lobar nephronia represents as an acute 
localized non-liquefactive infection of the kidney caused by bacterial infection [92]. This 
stipulates that the mass should not contain drainable pus. Actually, it is a precursor step to a 
frank renal abscess before liquefaction. In a study by Klar et al. (1993), of 210 pediatric 
patients admitted to hospital with manifestations of urinary tract infection, 13 had AFBN. 
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Evolution to renal abscess happened in 25%, but all responded well to antibiotic therapy 
[93]. However, it looks that incidence rate may vary according to the ease of access to 
medical facilities and cultural background that may alter the interval between the 
commencement of manifestations of the acute pyelonephritis and the time that antibiotic 
therapy is instituted. 

4.2 Pathophysiology 
The same process that causes acute pyelonephritis may evolve into AFBN and eventually 
abscess. In children, both hematogenous [94] and ascending routes [16] have been 
suspected. Congenital urologic abnormalities especially vesicoureteral reflux has been 
linked with AFBN. Unusual and fastidious organisms e.g. brucellosis especially in endemic 
areas must be kept in mind [95]. Diabetes mellitus is a major predisposing factor in all 
complicated urinary tract infections [96]. 

4.3 Clinical presentation 
Clinical manifestations are similar to acute pyelonephritis, but probably in a more severe 
and durable form. Fever, chills and costovertebral angle tenderness along with signs and 
symptoms of SIRS(Systemic Inflammatory Response Syndrome) could happen [92]. 
However, atypical and imitating clinical pictures may happen as nephrectomy with a 
misdiagnosis of renal tumoral mass has been reported;  hence, the condition has also been 
referred to as renal inflammatory pseudotumor [97]. 

4.4 Paraclinic findings 
One expects an active urinalysis and a positive urine culture in many cases, but the point is 
that in some patients these laboratory findings are absent and a high level of suspicion must 
be put on such cases [94, 98]. 
The value of sonography in diagnosis of AFBN has been somewhat controversial. Some 
consider an average accuracy [99] or even low accuracy [100] in sonography that fails to 
show half and even over the half of the cases. Another study attributes a high accuracy for 
sonographic findings of nephromegaly and focal mass in a pediatric group of patients with 
a specificity of 86% and a sensitivity of up to 95%.[101]. The author thinks one must also 
consider the chronological evolution of sonographic technology between 1988[99], 1989[100] 
and 2004([101]. Newer sonographic apparatus may well be relied upon in revealing renal 
pathologies.  
Reported sonographic appearances of AFBN are varied, but are typically described as being 
echopoor [102], yet at least in one study in 17 patients, the abnormal areas were echogenic in 
12 of them, echopoor in three, and of mixed echogenicity in two [102]. In sonographic 
follow-up, the inflammatory mass may diminish and disappear in 4 weeks. [92]. 
The most valuable modality for detection of AFBN is computerized tomography [103] 
used as reference standard to assess other modalities [29]. AFBN in CT is typically 
hypodense [99] and may help to differentiate them with renal tumors that are most 
commonly hyperdense. Different patterns could be seen in CT that they have been linked 
with prognosis and severity of the disease.  In a retrospective study, the CT appearance of 
AFBN was categorized into three groups: Group I: wedge-shaped lesions (focal or 
diffuse); Group II: focal mass-like lesions; and Group III: diffuse (multifocal) mass-like 
lesions. 
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phase, percutaneous nephrostomy provides the opportunity of antegrade pyelography 
afterwards. Hence, one can have a near physiologic dynamic image while maintaining a 
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urgent. One starts antibiotic empirically covering Gram-negatives, anaerobes, and 
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nephrostomy has proved to be an ideal option for obstruction relief in multiple case series 
including a prospective study while gaining a reliable culture and providing access for 
subsequent imaging[88-91]. A considerable disparity has been found between the results of 
the pelvis aspirate and the voided urine culture.[81]Nevertheless, the choice of the method 
for relieving obstruction must be astutely individualized. In a pelvic kidney with overlying 
bowel, percutaneous nephrostomy is no longer the ideal first line option and a retrograde 
stent may be preferred if proved feasible. In a child with duplex system and upper moiety 
pyonephrosis, upper moiety cutaneous pyelostomy may be performed. For an irreversibly 
non-functional kidney with a thin parenchyme, a primary nephrectomy may be curative. In 
many cases, a strict differentiation between infected hydronephrosis and pyonephrosis does 
not seem to radically change the treatment strategy. 
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4.1 Introduction 
Acute focal bacterial nephritis (AFBN) or acute lobar nephronia represents as an acute 
localized non-liquefactive infection of the kidney caused by bacterial infection [92]. This 
stipulates that the mass should not contain drainable pus. Actually, it is a precursor step to a 
frank renal abscess before liquefaction. In a study by Klar et al. (1993), of 210 pediatric 
patients admitted to hospital with manifestations of urinary tract infection, 13 had AFBN. 
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However, atypical and imitating clinical pictures may happen as nephrectomy with a 
misdiagnosis of renal tumoral mass has been reported;  hence, the condition has also been 
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be put on such cases [94, 98]. 
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consider an average accuracy [99] or even low accuracy [100] in sonography that fails to 
show half and even over the half of the cases. Another study attributes a high accuracy for 
sonographic findings of nephromegaly and focal mass in a pediatric group of patients with 
a specificity of 86% and a sensitivity of up to 95%.[101]. The author thinks one must also 
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pathologies.  
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The clinical features in Group I patients displayed many similarities with those in 
uncomplicated acute pyelonephritis (APN) responding to antibiotic therapy promptly.  
Patients in Group II were successfully treated with antibiotics, but had a protracted clinical 
course with a slower clinical improvement than Group I. Evolution to renal abscess 
happened, though uncommonly. In comparison, 33% of the patients in Group III died 
despite antibiotic therapy[104]. 
We must not neglect to detect associated anomalies of urinary tract especially vesicoureteral 
reflux. In children, doing a MCUG is mandatory. In adults, decision to perform a MCUG 
must be made on the basis of whether VUR can do any further harm or the need for 
additional intervention. 

4.5 Management 
The mainstay of treatment in AFBN is antibiotics. There is a well-designed RCT to 
determine the best duration of treatment [105]. In this study, a three-week antibiotic course 
was clearly superior to a two-week course.  The treatment began with parenteral form, and 
then, switched to oral form 2 to 3 days after defervescence. Antibiotic must be directed 
against Gram-negative organisms  and staphylococci while the culture results are not ready, 
or in the cases that urine and blood cultures are negative and clinical suspicion is high [94]. 
As previously stated, patients with diffuse mass-like lesions on CT may have a grave 
prognosis as 30% of them may die of the disease [104]. Therefore, one could infer that in 
such cases a more vigorous approach including surgery has to be considered. 

5. Chronic pyelonephritis  
5.1 Introduction 
Chronic pyelonephritis is the result  of an underlying renal or urinary tract disease with the 
subsequent repeated renal infection that ends in scarring, atrophy of the kidney, and 
eventual renal insufficiency [106]. Besides the history of UTIs, complicating defects such as 
major anatomic anomalies, urinary tract obstruction, nephrolithiasis, renal dysplasia, 
analgesic abuse , or most commonly, vesicoureteral reflux (VUR) in young children could be 
detected in patients with end-stage renal disease and chronic pyelonephritis.  Nonetheless, it 
has never been found that renal insufficiency has been caused by non-obstructive 
uncomplicated UTI alone [107, 108]. 
There is a gender susceptibility in chronic pyelonephritis as it is twice more common in 
females than in males; there is also a higher occurrence in infants and young children 
(younger than 2 years old) than in older children and adults. Although the greatest risk of 
renal scarring has been reported in young children, additional renal scars could be the result 
of repeated infections. [109] There is a three-time  higher possibility of VUR and chronic 
pyelonephritis in white children than in African-American children [110]. VUR could be 
accompanied by UTIs in 30-45% of children. Moreover, in siblings of patients with chronic 
pyelonephritis, VUR prevalence rate could reach up to around 35% [111, 112]. 
Chronic renal infection can worsen renal impairment significantly in patients with 
underlying functional or structural urinary tract abnormalities; hence, diagnosis, 
localization, and treatment of chronic renal infection are crucial to be found by appropriate 
studies. The diagnosis is made by radiologic or pathologic examination rather than mere 
clinical presentation. 
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In women and in contrary to a 2% to 5% prevalence of bacteriuria, pyelonephritis without 
complications by obstruction or urinary tract malformation does not result in end-stage 
renal disease [111]. 

5.2 Pathology 
In chronic pyelonephritis, the affected kidney in gross is often diffusely shrunk, scarred, and 
pitted. The scars could be described as Y-shaped, flat, broad-based depressions with red-
brown granular bases. Usually, there is a polar scarring with underlying calyceal distortion 
and blunting with thin parenchyma that the cortico-medullary demarcation is lost [113].  
There are microscopic changes that are usually patchy together with an interstitial infiltrate 
of lymphocytes, plasma cells, and occasional polymorphonuclear cells. Some portions of the 
parenchyma are probably replaced by fibrosis and although glomeruli may be preserved, 
periglomerular fibrosis is commonly observed. In parts of the involved areas, glomeruli 
could be completely fibrosed along with atrophied tubules. At times, leukocytes and hyaline 
casts are present in the tubules that the latter may resemble the thyroid colloid where the 
description renal thyroidization is originated [114]. On the whole, the changes are 
nonspecific that could be seen in toxic exposures, post-obstructive atrophy, hematologic 
disorders, post irradiation nephritis, ischemic renal disease, and nephrosclerosis too [113]. 

5.3 Clinical presentation 
Chronic pyelonephritis is usually asymptomatic in many individuals until it produces renal 
insufficiency and then the symptoms are similar to those of any other form of chronic renal 
failure, but they may have a history of frequent UTIs. A strong correlation between renal 
scarring and recurrent UTIs exists in children [115]. Although the developing kidney 
appears to be very susceptible to damage, and this susceptibility appears to be age 
dependent, in adult kidneys, renal scarring induced by UTIs is rare. 
If it is believed that a patient's chronic pyelonephritis is an end result of many episodes of 
acute pyelonephritis, a history of intermittent symptoms of fever, lethargy, flank pain, and 
dysuria could be extracted. Moreover, there is a poor correlation between urinary findings 
and the presence of renal infection. Bacteriuria and pyuria as the hallmarks of UTI, are not 
predictive of renal infection since patients with significant renal infection may have sterile 
urine if the infection is outside of the collecting system or in case of an obstructed ureter 
draining the kidney [107]. 
Chronic pyelonephritis often progress asymptomatically and the diagnosis is usually 
incidental during the radiologic investigation to evaluate for the complications associated 
with renal insufficiency, such as hypertension, visual impairments, headaches, fatigue, and 
polyuria. 
Leukocytes or proteinuria may be detected in urinalysis in these patients, but it is likely to 
be normal. The severity of renal impairment could be reflected by serum creatinine levels. If 
there is an active infection, urine cultures might be positive. 
Differential diagnosis for chronic pyelonephritis includes chronic renal failure, 
hypertension, nephrolithiasis, pyonephrosis, perinephric abscess, acute pyelonephritis, 
uremia, tuberculosis, and some tumor-like lesions in the kidney, namely, 
xanthogranulomatous pyelonephritis, malacoplakia, and lymphoma [116]. 
Chronic pyelonephritis might cause morbidity and mortality by causing following 
conditions:(1) focal glomerulosclerosis, (2) proteinuria, (3) progressive renal scarring, (4) 
hypertension, (5) end-stage renal disease and (6) xanthogranulomatous pyelonephritis 
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Chronic pyelonephritis often progress asymptomatically and the diagnosis is usually 
incidental during the radiologic investigation to evaluate for the complications associated 
with renal insufficiency, such as hypertension, visual impairments, headaches, fatigue, and 
polyuria. 
Leukocytes or proteinuria may be detected in urinalysis in these patients, but it is likely to 
be normal. The severity of renal impairment could be reflected by serum creatinine levels. If 
there is an active infection, urine cultures might be positive. 
Differential diagnosis for chronic pyelonephritis includes chronic renal failure, 
hypertension, nephrolithiasis, pyonephrosis, perinephric abscess, acute pyelonephritis, 
uremia, tuberculosis, and some tumor-like lesions in the kidney, namely, 
xanthogranulomatous pyelonephritis, malacoplakia, and lymphoma [116]. 
Chronic pyelonephritis might cause morbidity and mortality by causing following 
conditions:(1) focal glomerulosclerosis, (2) proteinuria, (3) progressive renal scarring, (4) 
hypertension, (5) end-stage renal disease and (6) xanthogranulomatous pyelonephritis 
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(XPN) [112]. The rate of XPN occurrence is 8.2% in such patients and it reaches up to 25% in 
patients with pyonephrosis [117].  

5.4 Paraclinic findings 
Asymmetry and irregularity of the kidney outlines or a small and atrophic kidney on the 
affected side could be easily detected in intravenous pyelogram or CT scan. The 
characteristic signs include focal coarse renal scarring, atrophy and cortical thinning, 
hypertrophy of residual normal tissue (which may mimic a mass lesion) with blunting and 
dilation (clubbing) of one or more underlying calyces [118, 119]. 
In children with gross reflux, voiding cystourethrogram (VCUG) findings may reveal urine 
reflux into the renal pelvis and ureteral dilatation [112].  
Ultrasonography could be used as an alternative that it similarly demonstrates these 
findings. The best imaging modality to look for renal scarring is DMSA [120]. By providing 
high-resolution images of the renal cortex, it allows for both qualitative and quantitative 
characterization of renal injury and impairment. Areas of scarring can be seen as photopenic 
areas usually at poles [120, 121]. 
Once the radiologic changes of chronic pyelonephritis have been established, it is important 
to consider that the repeat of imaging is unlikely to come up with further findings[121]. 

5.5 Management 
Since the damage caused by chronic pyelonephritis is irreversible, the management of the 
radiographic evidence of pyelonephritis should be focused on treating the existing infection, 
preventing future infections, and monitoring and preserving renal function.  
Restricting dietary protein intake can decrease progressive renal injury. The course of renal 
failure progression could be decelerated through regular checking of blood pressure and 
aggressive blood pressure control. ACE inhibitors are considered to be particularly 
beneficial in this setting.  
Careful antimicrobial susceptibility tests and the selection of the non-nephrotoxic drugs that 
yield high urine concentrations must be the basis for the treatment of existing infection. 
Since there is a possible reduction in renal concentrating ability in pyelonephritis, it may 
impair excretion and concentration of the antimicrobial drug needed to achieve acceptable 
bactericidal levels in urine. In order to boost the chance of cure and to avoid recurrence, 
further progression, and renal damage, the duration of the antimicrobial therapy is 
recommended to be prolonged along with continuous prophylactic antibiotic regimes [122].  
There is either an underlying renal (papillary) lesion or a urologic condition such as 
obstruction or calculus available that increases the susceptibility to the renal damage, thus 
appropriate nephrologic and urologic evaluation, treatment and prevention should be 
undertaken to identify and possibly correct these abnormalities. 
Nephrectomy could become necessary in case of hypertension or pain for having a large 
stone burden in a nonfunctioning kidney. 

6. Emphysematous pyelonephritis 
6.1 Introduction 
Emphysematous pyelonephritis (EPN) is defined as a rare, yet an acute severe necrotizing 
infection that involves renal parenchyma and its surrounding tissues causing the presence 
of gas in the renal parenchyma, collecting system or perinephric tissue [123, 124]. 
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Kelly and MacCullum reported the first case of disease in 1898 [125], and then, Schultz and 
Klorfein introduced the term emphysematous pyelonephritis in 1962 [126]. 
It is considered as a rare disease as only 600 cases have been reported from 1966 to date 
[127]. According to some authors EPN is suggested when gas is detected within the renal 
parenchyma or perinephric space, yet it has been defined by several others as gas within the 
collecting system, parenchyma, perirenal space, or in any of these areas [128]. 
Gas could be found not only in the site of inflammation in the sub-capsular, perinephric, 
and pararenal spaces that in some cases, but gas was also detected even in the scrotal sac 
and spermatic cord [129]. 
Emphysematous pyelitis is a separate condition and refers to the presence of gas in the 
collecting systems only and could be secondary to instrumentation of the urinary tract. With 
proper medical management emphysematous pyelitis has an excellent prognosis; however, 
EPN requires special attention due to its life-threatening nature either with medical or 
surgical management. 
Gas could be found in other conditions such as urinary endoscopic procedures, 
genitourinary trauma, communicating fistulas with the gastrointestinal tract, and produced 
by bacteria within the urinary tract [123]. 
The most common associated factor in EPN is diabetes mellitus that an uncontrolled DM is 
present in 95% of the cases [131] and the next common cause is urinary tract obstruction 
[127, 130] that urinary calculi are usually found to be the cause of obstruction [128]. 
A glucose-fermenting bacterial infection, impaired host immunity, decreased tissue 
perfusion, neurogenic bladder, alcoholism, drug abuse, urinary tract obstruction in non-
diabetics  and anatomic anomaly are considered to be the other reported risk factors in EPN 
[123, 130, 131]. 
With the female to male ratio of 4:1 in most studies, it is clear there is a greater tendency of 
the disease toward women  [127, 131] that the reason for the higher incidence in females 
seems to originate from increased susceptibility to UTI. A urinary tract obstruction raises the 
risk of developing secondary EPN to as high as 25–40% [123]. Despite its worldwide spread, 
it seems to be geographically more common in Asia [127]. 

6.2 Pathogenesis 
The mechanism of gas production is the fermentation of the glucose and lactate to carbon 
dioxide causing necrotizing infection in an appropriate tissue environment and it usually 
occurs in the presence of the organisms such as E. coli, Klebsiella spp., Proteus spp., gram-
negative facultative anaerobic organisms. E. coli is found to be the causative agent in almost 70% 
of the reported cases isolated in urine or pus cultures [132]. There is a presence of bacteriemia 
in over 50% of the patients with the same organisms as those in urine or pus culture [130].  
In addition to the aforesaid organisms, Proteus mirabilis, Klebsiella pneumonia, Group D 
Streptococcus, coagulase-negative Staphylococcus, and Candida albicans have been reported as 
the causative agent for EPN too [132].  
In pathology, abscess formation, foci of micro- and macro-infarctions, vascular thrombosis, 
numerous gas-filled spaces and areas of necrosis surrounded by acute and chronic 
inflammatory cells implying septic infarction could be identified in kidney [130, 133]. 

6.3 Clinical presentation 
Most patients are in their forties and fifties [127, 133-135]. The symptoms and signs are 
similar to pyelonephritis and include dysuria, fever, rigorous nausea, vomiting, and flank 
pain [127,129, 132]. 
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(XPN) [112]. The rate of XPN occurrence is 8.2% in such patients and it reaches up to 25% in 
patients with pyonephrosis [117].  

5.4 Paraclinic findings 
Asymmetry and irregularity of the kidney outlines or a small and atrophic kidney on the 
affected side could be easily detected in intravenous pyelogram or CT scan. The 
characteristic signs include focal coarse renal scarring, atrophy and cortical thinning, 
hypertrophy of residual normal tissue (which may mimic a mass lesion) with blunting and 
dilation (clubbing) of one or more underlying calyces [118, 119]. 
In children with gross reflux, voiding cystourethrogram (VCUG) findings may reveal urine 
reflux into the renal pelvis and ureteral dilatation [112].  
Ultrasonography could be used as an alternative that it similarly demonstrates these 
findings. The best imaging modality to look for renal scarring is DMSA [120]. By providing 
high-resolution images of the renal cortex, it allows for both qualitative and quantitative 
characterization of renal injury and impairment. Areas of scarring can be seen as photopenic 
areas usually at poles [120, 121]. 
Once the radiologic changes of chronic pyelonephritis have been established, it is important 
to consider that the repeat of imaging is unlikely to come up with further findings[121]. 

5.5 Management 
Since the damage caused by chronic pyelonephritis is irreversible, the management of the 
radiographic evidence of pyelonephritis should be focused on treating the existing infection, 
preventing future infections, and monitoring and preserving renal function.  
Restricting dietary protein intake can decrease progressive renal injury. The course of renal 
failure progression could be decelerated through regular checking of blood pressure and 
aggressive blood pressure control. ACE inhibitors are considered to be particularly 
beneficial in this setting.  
Careful antimicrobial susceptibility tests and the selection of the non-nephrotoxic drugs that 
yield high urine concentrations must be the basis for the treatment of existing infection. 
Since there is a possible reduction in renal concentrating ability in pyelonephritis, it may 
impair excretion and concentration of the antimicrobial drug needed to achieve acceptable 
bactericidal levels in urine. In order to boost the chance of cure and to avoid recurrence, 
further progression, and renal damage, the duration of the antimicrobial therapy is 
recommended to be prolonged along with continuous prophylactic antibiotic regimes [122].  
There is either an underlying renal (papillary) lesion or a urologic condition such as 
obstruction or calculus available that increases the susceptibility to the renal damage, thus 
appropriate nephrologic and urologic evaluation, treatment and prevention should be 
undertaken to identify and possibly correct these abnormalities. 
Nephrectomy could become necessary in case of hypertension or pain for having a large 
stone burden in a nonfunctioning kidney. 

6. Emphysematous pyelonephritis 
6.1 Introduction 
Emphysematous pyelonephritis (EPN) is defined as a rare, yet an acute severe necrotizing 
infection that involves renal parenchyma and its surrounding tissues causing the presence 
of gas in the renal parenchyma, collecting system or perinephric tissue [123, 124]. 
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Kelly and MacCullum reported the first case of disease in 1898 [125], and then, Schultz and 
Klorfein introduced the term emphysematous pyelonephritis in 1962 [126]. 
It is considered as a rare disease as only 600 cases have been reported from 1966 to date 
[127]. According to some authors EPN is suggested when gas is detected within the renal 
parenchyma or perinephric space, yet it has been defined by several others as gas within the 
collecting system, parenchyma, perirenal space, or in any of these areas [128]. 
Gas could be found not only in the site of inflammation in the sub-capsular, perinephric, 
and pararenal spaces that in some cases, but gas was also detected even in the scrotal sac 
and spermatic cord [129]. 
Emphysematous pyelitis is a separate condition and refers to the presence of gas in the 
collecting systems only and could be secondary to instrumentation of the urinary tract. With 
proper medical management emphysematous pyelitis has an excellent prognosis; however, 
EPN requires special attention due to its life-threatening nature either with medical or 
surgical management. 
Gas could be found in other conditions such as urinary endoscopic procedures, 
genitourinary trauma, communicating fistulas with the gastrointestinal tract, and produced 
by bacteria within the urinary tract [123]. 
The most common associated factor in EPN is diabetes mellitus that an uncontrolled DM is 
present in 95% of the cases [131] and the next common cause is urinary tract obstruction 
[127, 130] that urinary calculi are usually found to be the cause of obstruction [128]. 
A glucose-fermenting bacterial infection, impaired host immunity, decreased tissue 
perfusion, neurogenic bladder, alcoholism, drug abuse, urinary tract obstruction in non-
diabetics  and anatomic anomaly are considered to be the other reported risk factors in EPN 
[123, 130, 131]. 
With the female to male ratio of 4:1 in most studies, it is clear there is a greater tendency of 
the disease toward women  [127, 131] that the reason for the higher incidence in females 
seems to originate from increased susceptibility to UTI. A urinary tract obstruction raises the 
risk of developing secondary EPN to as high as 25–40% [123]. Despite its worldwide spread, 
it seems to be geographically more common in Asia [127]. 

6.2 Pathogenesis 
The mechanism of gas production is the fermentation of the glucose and lactate to carbon 
dioxide causing necrotizing infection in an appropriate tissue environment and it usually 
occurs in the presence of the organisms such as E. coli, Klebsiella spp., Proteus spp., gram-
negative facultative anaerobic organisms. E. coli is found to be the causative agent in almost 70% 
of the reported cases isolated in urine or pus cultures [132]. There is a presence of bacteriemia 
in over 50% of the patients with the same organisms as those in urine or pus culture [130].  
In addition to the aforesaid organisms, Proteus mirabilis, Klebsiella pneumonia, Group D 
Streptococcus, coagulase-negative Staphylococcus, and Candida albicans have been reported as 
the causative agent for EPN too [132].  
In pathology, abscess formation, foci of micro- and macro-infarctions, vascular thrombosis, 
numerous gas-filled spaces and areas of necrosis surrounded by acute and chronic 
inflammatory cells implying septic infarction could be identified in kidney [130, 133]. 

6.3 Clinical presentation 
Most patients are in their forties and fifties [127, 133-135]. The symptoms and signs are 
similar to pyelonephritis and include dysuria, fever, rigorous nausea, vomiting, and flank 
pain [127,129, 132]. 
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The other clinical manifestations to be potentially considered are acute renal dysfunction, 
acid-base disturbances on blood gases, hyperglycemia, thrombocytopenia and impaired 
consciousness [129,130, 135].  There may be a rapid progress into septic shock that could 
even be the presenting feature in patients with severe emphysematous pyelonephritis [130, 
132]. Of the most common physical signs, loin tenderness and in some cases crepitus around 
the renal area and the scrotum may also be felt [129,130, 132]. In laboratory tests, 
leucocytosis could be found in 70–80% of the cases that thrombocytopenia was seen in 15–
20% of the patients [129, 135]. Since most patients suffer from diabetes mellitus, high blood 
glucose level is a common finding. 
Among other positive findings in EPN, acute renal failure, microscopic or macroscopic 
hematuria, and severe proteinuria could be counted too [130].  
In EPN prognosis, many identified factors affect mortality including a systolic blood 
pressure of less than 90 mmHg, disturbance of consciousness and an increase in serum 
creatinine level, thrombocytopenia (OR 22.68, 95% CI 4.4– 16.32) and bilateral EPN (OR 5.36, 
95% CI 1.41 – 20.33) that both are attributable to dire prognosis. Antibiotic therapy alone has 
been associated with a higher risk of mortality (OR 2.85, 95% CI 1.19– 6.81) and it is in 
comparison to the additional interventions of percutaneous drainage (PCD) of the abscess or 
nephrectomy [127, 131]. Based on Wan et al. ’s classification, EPN Type I, as seen below, has 
a ominous prognosis and it is due to the fact that a more fulminating clinical course and 
more extensive parenchymal damage exist [133]. 
Reportedly, although diabetes mellitus is a common risk factor for EPN, but surprisingly it 
does not culminate in an increased mortality [odds ratio (OR) 0.32, 95% CI 0.05–1.99] [133, 
136]. There are also no increased risk of higher mortality in EPN with nephrolithiasis, 
etiologic factors such as E. coli or K. pneumonia [137, 138], age 50 years, female sex, history of 
UTIs, alcoholism, bacteremia, proteinuria (presence of urine protein greater than 3 gm/l on 
at least 2 occasions during admission), retinopathy, and macrohematuria (presence of urine 
red blood cells of over than 100 per high power field) [131]. 

6.4 Paraclinic findings 
As the clinical and the laboratory findings will only point to sepsis of renal origin, 
emphysematous pyelonephritis is a radiological diagnosis mostly. 
In support of the diagnosis, a plain radiograph is indicative of an abnormal gas shadow in 
the renal bed that an ultrasonography or CT will confirm the presence of intra renal gas to 
diagnose EPN. CT is considered to have the highest accuracy of 100%,  hence, it is proven to 
be the most reliable diagnostic tool in EP diagnosis [129]. By identifying parenchymal 
destruction characteristics, it demonstrates the extent of EPN too [130,133, 135]. Since 
ultrasound diagnosis is very much dependent on the operator, it is not sufficiently specific 
when gas-containing lesions are to be characterized. Calculi or bowel gas are the origin of 
mistakes as gas appears as echogenic foci. 
The accuracy of ultrasonography and plain radiograph of the abdomen is around 69 and 
65%, respectively, and it necessitates exploiting abdominal CT for the sake of early diagnosis 
and further management of EPN [127]. 
By analysis based on CT findings, EPN has been classified into two types by Wan et al. in 
1996. [127, 133] According to this classification in type I, there is a renal necrosis with either 
total absence of fluid content or the presence of a streaky/mottled gas pattern whereas there 
is a presence of renal or perirenal fluid along with a loculated gas pattern or the presence of 
gas in the collecting system in type II (Figure 1). Owing to more extensive parenchymal 
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necrosis and more fulminating clinical course, type I EPN is associated with worse 
prognosis [133]. 
 

 
Fig. 1. CT scan showing a large collection with air-fluid level in left retroperitoneal 
cavity.(transverse and coronal view). ( Courtesy of Simforoosh N., Sharifiaghdas F., Parvin 
M.,et al. The book “Urology Cases in Practice”. Labbafinejad Medical Center, Tehran, Iran.) 

In a publication in 2000, Huang and Tseng introduced a new classification based on the CT 
findings described in more details and with more subcategories that was different to the one 
mentioned above [130]. Their classification can be summed up as: (1) Class1: the presence of 
gas in the collecting system only; (2) Class 2: the presence of gas in the renal parenchyma 
without extension to extrarenal space; (3) Class 3A: extension of gas or abscess to 
perinephric space; Class 3B: extension of gas or abscess to pararenal space; and (4) Class 4: 
bilateral EPN or solitary kidney with EPN.  
The purpose of such detailed classification by Huang and Tseng was to show the correlation 
between the EPN classification and its management. 
Nonetheless, the described classification by Wan et al. has been evaluated for the risk factors 
and the management of EPN in two published meta-analyses. 

6.5 Management 
In those patients under the treatment for pyelonephritis, the radiological diagnosis of 
Emphysematous Pyelonephritis could be overlooked unless appropriate imaging is taken. 
In order to confirm the diagnosis in this group of patients, also in individuals with failure in 
responding to the standard line of therapy for pyelonephritis, an urgent CT scan should be 
taken.[134] 
The preliminary treatment is a medical management(MM) by providing basic resuscitation 
measures of oxygen, intravenous fluids, acid base balance correction and proper antibiotics 
along with good glycemic control. It is also necessary to sustain systolic blood pressure at 
above 100 mmHg through fluid resuscitation or inotropic support if a need arises.  
In case of observing deterioration in the clinical condition and the laboratory results, these 
patients should be looked after more vigorously as multi-organ support is possibly 
required. 
The initial antibiotic therapy should be aimed at eliminating Gram-negative bacteria as the 
most common causative organisms. To fulfill this, Aminogycosides, α-lactamase inhibitors, 
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The other clinical manifestations to be potentially considered are acute renal dysfunction, 
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Among other positive findings in EPN, acute renal failure, microscopic or macroscopic 
hematuria, and severe proteinuria could be counted too [130].  
In EPN prognosis, many identified factors affect mortality including a systolic blood 
pressure of less than 90 mmHg, disturbance of consciousness and an increase in serum 
creatinine level, thrombocytopenia (OR 22.68, 95% CI 4.4– 16.32) and bilateral EPN (OR 5.36, 
95% CI 1.41 – 20.33) that both are attributable to dire prognosis. Antibiotic therapy alone has 
been associated with a higher risk of mortality (OR 2.85, 95% CI 1.19– 6.81) and it is in 
comparison to the additional interventions of percutaneous drainage (PCD) of the abscess or 
nephrectomy [127, 131]. Based on Wan et al. ’s classification, EPN Type I, as seen below, has 
a ominous prognosis and it is due to the fact that a more fulminating clinical course and 
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red blood cells of over than 100 per high power field) [131]. 
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the renal bed that an ultrasonography or CT will confirm the presence of intra renal gas to 
diagnose EPN. CT is considered to have the highest accuracy of 100%,  hence, it is proven to 
be the most reliable diagnostic tool in EP diagnosis [129]. By identifying parenchymal 
destruction characteristics, it demonstrates the extent of EPN too [130,133, 135]. Since 
ultrasound diagnosis is very much dependent on the operator, it is not sufficiently specific 
when gas-containing lesions are to be characterized. Calculi or bowel gas are the origin of 
mistakes as gas appears as echogenic foci. 
The accuracy of ultrasonography and plain radiograph of the abdomen is around 69 and 
65%, respectively, and it necessitates exploiting abdominal CT for the sake of early diagnosis 
and further management of EPN [127]. 
By analysis based on CT findings, EPN has been classified into two types by Wan et al. in 
1996. [127, 133] According to this classification in type I, there is a renal necrosis with either 
total absence of fluid content or the presence of a streaky/mottled gas pattern whereas there 
is a presence of renal or perirenal fluid along with a loculated gas pattern or the presence of 
gas in the collecting system in type II (Figure 1). Owing to more extensive parenchymal 
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necrosis and more fulminating clinical course, type I EPN is associated with worse 
prognosis [133]. 
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findings described in more details and with more subcategories that was different to the one 
mentioned above [130]. Their classification can be summed up as: (1) Class1: the presence of 
gas in the collecting system only; (2) Class 2: the presence of gas in the renal parenchyma 
without extension to extrarenal space; (3) Class 3A: extension of gas or abscess to 
perinephric space; Class 3B: extension of gas or abscess to pararenal space; and (4) Class 4: 
bilateral EPN or solitary kidney with EPN.  
The purpose of such detailed classification by Huang and Tseng was to show the correlation 
between the EPN classification and its management. 
Nonetheless, the described classification by Wan et al. has been evaluated for the risk factors 
and the management of EPN in two published meta-analyses. 

6.5 Management 
In those patients under the treatment for pyelonephritis, the radiological diagnosis of 
Emphysematous Pyelonephritis could be overlooked unless appropriate imaging is taken. 
In order to confirm the diagnosis in this group of patients, also in individuals with failure in 
responding to the standard line of therapy for pyelonephritis, an urgent CT scan should be 
taken.[134] 
The preliminary treatment is a medical management(MM) by providing basic resuscitation 
measures of oxygen, intravenous fluids, acid base balance correction and proper antibiotics 
along with good glycemic control. It is also necessary to sustain systolic blood pressure at 
above 100 mmHg through fluid resuscitation or inotropic support if a need arises.  
In case of observing deterioration in the clinical condition and the laboratory results, these 
patients should be looked after more vigorously as multi-organ support is possibly 
required. 
The initial antibiotic therapy should be aimed at eliminating Gram-negative bacteria as the 
most common causative organisms. To fulfill this, Aminogycosides, α-lactamase inhibitors, 
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cephalosporins and quinolones could be administered guided by the local hospital policy. 
For the initial stage of treatment, a combination of aminoglycoside with any of the other 
three groups can be used. The choice of antibiotics could be changed for the type and 
number of organisms along with their individual sensitivities accordingly once the culture 
report is ready.  
Emergency nephrectomy and/or open surgical drainage along with antibiotic therapy was 
the accepted treatment of EPN until the late 1980s that had a mortality rate of up to 40–50% 
[123, 139].  
As introduced by Hudson et al., fluoroscopy guided percutaneous drainage (PCD) has been 
an option for treating EPN. [140]  In a number of case studies later, patients have been 
successfully treated with a significant reduction in mortality rates in case of an early PCD in 
combination with medical management [129, 132]. PCD has also been found to be helpful in 
preserving the function of the affected kidney in about 70% of cases [127]. In patients who 
have been found to have localized areas of gas and in those with existing functioning renal 
tissue, early PCD should be performed. 
Since more than one catheter can be used to drain all, hence, loculations, abscess or multiple 
abscesses are not contraindications for PCD [127, 141]. The first target of the PCD should be 
the abscess that is technically accessible easier and could significantly reduce the pressure 
on the viable renal tissue. As there is a better success rate if compared with ultrasonography, 
ideally the insertion of a pigtail drain of at least 14 Fr should be guided under CT [134]. 
Unless follow-up CT shows resolution of the EPN features, the drainage tubes should stay 
in place, and if needed, flushed with antibiotic solutions. 
A gradual shift toward a nephron-sparing approach with early PCD has been noticed 
during the last decade with or without elective nephrectomy at a later stage. The various 
treatment strategies could be summarized as MM alone, early PCD plus MM, MM plus 
emergency nephrectomy, and PCD plus MM plus emergency nephrectomy [127] (Figure 2).  
Chen et al. have recommended follow-up CT in 4 to 7 days as beneficial to look for non-
communicating air/fluid collections in patients with early PCD plus MM [141]. This could 
also be found helpful in planning a nephrectomy for non-responders to PCD plus medical 
management.  
MM with PCD has found to be the most successful management method (30–100%) in two 
meta-analysis of the management strategies which has also been linked with the lowest 
mortality rate at 13.5% ( P 0.001) [127]. Nonetheless, subsequent nephrectomy could be 
required in a small proportion of patients managed with MM and PCD and the reported 
mortality stands at 6.6% that is significantly lower than medical management only approach 
(50%), or emergency nephrectomy (25%) alone (p _0.001) [127, 131]. 
MM alone or combined with PCD can lead to a good outcome in Class 1 and 2 EPN based 
on the Huang and Tseng classification. The survival rate with MM plus PCD is 85% in 
patients with fewer than two risk factors in Class 3 and 4 EPN, however, MM plus PCD was 
unsuccessful in 92% of cases in those patients with more than two risk factors. In 
comparison with the Class 1 and 2 EPN, the number of non-responders in this group who 
require nephrectomy is higher [130, 132].  
After PCD, the respective failure and mortality rates of 71% and 29% rate in Class 3A, and 
30% and 19% in Class 3B have  been described by Huang and Tseng [130].  
A meta-analysis has revealed that in patients who underwent an early PCD, elective 
nephrectomy is required only in 13% of them [127]. These patients either do not respond 
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well clinically to MM plus PCD, or on nuclear imaging they are found to have a 
nonfunctioning kidney. 
 

 
*Risk factors: diabetes, thrombocytopenia, acute renal failure, altered level of consciousness, shock. 

Fig. 2. EPN Management algorithm that is based on clinico-radiological classification by 
Huang & Tseng [130]. KUB, plain abdominal film of kidney, ureter and bladder. 

In these patients, nephrectomy can be either simple, or radical, or laparoscopic [124, 142]. 
The mortality rate could be as low as 10% if simple nephrectomy can be carried out [124, 
138]. Laparoscopic nephrectomy has been performed successfully in these patients with the 
advantage of a shortened recovery period and hospital stay [142].  
Renal support measures in the form of dialysis might be required in patients with EPN that 
it seems the availability of renal support reduces the mortality rate as concluded in a recent 
study [132].  
The best management strategy should be chosen based on an individualized case by case 
approach until prospective randomized studies come up with a definite conclusion. The 
degree and extent of parenchymal loss together with the coexisting renal disease determine 
the long-term outcome for renal function and the need for further support. 
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well clinically to MM plus PCD, or on nuclear imaging they are found to have a 
nonfunctioning kidney. 
 

 
*Risk factors: diabetes, thrombocytopenia, acute renal failure, altered level of consciousness, shock. 

Fig. 2. EPN Management algorithm that is based on clinico-radiological classification by 
Huang & Tseng [130]. KUB, plain abdominal film of kidney, ureter and bladder. 

In these patients, nephrectomy can be either simple, or radical, or laparoscopic [124, 142]. 
The mortality rate could be as low as 10% if simple nephrectomy can be carried out [124, 
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advantage of a shortened recovery period and hospital stay [142].  
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The best management strategy should be chosen based on an individualized case by case 
approach until prospective randomized studies come up with a definite conclusion. The 
degree and extent of parenchymal loss together with the coexisting renal disease determine 
the long-term outcome for renal function and the need for further support. 
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7. Xanthogranulomatous pyelonephritis  
7.1 Introduction 
In medical literature, xanthogranulomatous pyelonephritis (XPN) is described as a rare, 
severe, chronic renal infection typically resulting in diffuse renal destruction. There is a 
unilateral involvement in most cases that ends in a nonfunctioning, enlarged kidney 
associated with obstructive uropathy as a result of nephrolithiasis [143]. The most common 
pathology that is attributed to the disease is the simultaneous obstruction of the ipsilateral 
renal unit, most commonly due to an underlying stone disease with concomitant urinary 
tract infection [143]. In 1916, Schlagenhaufer presented the first descriptions of the 
distinctive gross and macroscopic features of XPN; however, the term xanthogranulomatous 
pyelonephritis was introduced by Oberling in 1935 [144]. 
The characteristic of xanthogranulomatous pyelonephritis is the renal parenchyma 
destruction and its replacement by a chronic inflammatory infiltrate and lipid-laden 
macrophages called xanthoma cells [145] that in turn results in an enlarged kidney that is 
either poorly functional or non-functional. 
Although the disease can be observed at any age, the majority of cases occur in middle-aged 
women. As it can affect the neonates, there is a possibility of prenatal origin as well [146]. 
XPN has been known to imitate virtually every other inflammatory disease of the kidney 
and on radiographic examination it is usually mistaken for renal cell carcinoma[147]. 
Moreover, because of the confusing microscopic similarities between xanthogranulomatous 
and clear cell adenocarcinoma of kidney on frozen section, it has ended in radical 
nephrectomy [145, 147, 148].  

7.2 Pathogenesis 
With regards to the pathogenesis, the primary factors involved in xanthogranulomatous 
pyelonephritis are nephrolithiasis, obstruction, and infection [149]. In up to 83% of the 
patients in various series, they have been found to have nephrolithiasis that staghorn type 
has comprised approximately one third to half of the renal stones [147, 150-152]. To a 
lower extent, there have also been reports of urinary tract obstruction as a result of UPJ 
obstruction, severe VUR and tumors (e.g. renal cell carcinoma, ureteral carcinoma, 
bladder carcinoma)[150, 153]. Also there is a greater risk of developing the disease in 
diabetics [154]. 
There has been a clinical and experimental postulation that primary obstruction with or 
without subsequent bacterial infection can lead to the tissue damage with the release of lipid 
material initiating the XPN. The lipid material is collected by macrophages. Then, these 
macrophages (xanthoma cells) are spread in sheets around parenchymal abscesses and 
calyces and are intermixed with lymphocytes, giant cells, and plasma cells. As spontaneous 
bacteriemia has been reported rarely, the bacteria seem to be of low virulence [143, 155].  
Venous occlusion and hemorrhage, abnormal lipid metabolism, lymphatic blockage, failure 
of antimicrobial therapy in UTI, altered immunologic competence, and renal ischemia are 
the other factors possibly interrelated [156, 157].  
The fact that XPN is treated successfully by nephrectomy, also the lack of other evidence for 
the systemic immune deficiency, has led to the assumption that immunological defect is 
unlikely. The reported malnutrition in these patients seems to be attributable to the effect of 
the XPN rather than its cause. Nonetheless, the cycle of events in the XPN pathogenesis is 
unclear [158]. 

Complicated Upper Urinary Tract Infection 75 

In the studies so far, no single factor has found to be instrumental in the pathogenesis of this 
disease. Instead, insufficient host acute inflammatory response within an obstructed, 
ischemic, or necrotic kidney seems to be the culprit. 

7.3 Pathology 
Grossly, kidney involvement in xanthogranulomatous pyelonephritis could be diffuse 
(80%), or segmental as well as surrounding tissues. 
The involved kidney is usually described as enlarged, with normal outline and the 
indication of nephrolithiasis, peripelvic fibrosis and dilated calyces filled with purulent 
material; however, the pelvis that is surrounded by fibrosis usually prevents pelvic dilation. 
Papillary necrosis leads to destruction of the papillae [143]. 
Typically, orange-yellow nodules of inflamed parenchymal tissue near the areas of tissue 
necrosis suppuration could be observed. Besides small localized abscess is a common 
finding. The renal cortex is thin and the xanthogranulomatous tissue usually replaces it. The 
renal capsule often thickens, and the inflammatory process expansion into the perinephric 
or paranephric space is common [143, 149, 156]. 
In microscopic examination, yellowish nodules that line the calyces and surround the 
parenchymal abscesses with dark sheets of lipid-laden macrophages or xanthoma cells 
(foamy histiocytes with small, dark nuclei and clear cytoplasm) could be noted (Figure 3). 
There is a mixture of the macrophages with a variety of inflammatory cells such as 
lymphocytes, plasma cells, neutrophils, and multinucleated giant cells. This seems necessary 
to mention that the presence of xanthogranulomatous cells is unspecific to 
xanthogranulomatous pyelonephritis and they may be found anywhere inflammation or 
obstruction exits [143, 156].  
 

 
Fig. 3. Xanthogranulomatous pyelonephritis. Prominent foamy histocyes admixed with 
mononuclear cells.( Courtesy of Simforoosh N., Sharifiaghdas F., Parvin M.,et al. The book 
“Urology Cases in Practice”. Labbafinejad Medical Center, Tehran, Iran.) 

7.4 Clinical presentation 
In patients with UTIs and a unilateral enlarged nonfunctioning or poorly functioning kidney 
with a stone or a mass lesion indistinguishable from malignant tumor, 
xanthogranulomatous pyelonephritis should be considered in the differential diagnosis. 
Since it has been termed “the great imitator” indicates the difficulty to characterize its 
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clinical and radiologic features. As a result, in most cases the precise diagnosis is made at 
the time of histopathology after nephrectomy. 
The disease presentation is nonspecific and its clinical demonstration varies markedly. The 
usual findings in most patients include flank pain, fever, and constitutional symptoms of 
fatigue, malaise, weight loss, and anorexia. Among those, a tender flank mass is the most 
common physical finding.  
In up to 50% of patients, there are abnormal liver function tests with occasional 
hepatomegaly. 
XGP inflammation could be extended into the perirenal or pararenal space, lymph nodes, 
ipsilateral Psoas muscle, colon, spleen, diaphragm, abdominal wall, and skin. This process is 
similar in pediatric patients and adults with similar clinical and pathologic findings. The 
classic triad is unilateral renal enlargement with little or no function and a large calculus in 
the renal pelvis without pelvic dilation in fifty to eighty percent of patients. A positive 
medical history for UTIs and urologic instrumentation could often be extracted. [152, 154, 
155, 158, 159]. 
Although xanthogranulomatous pyelonephritis with its unknown etiology can occur at any 
age; however, the peak age for its incidence is in the fifth to the seventh decade that 
predominantly affects women with no preference of involving either kidney [158]. 

7.5 Paraclinic findings 
In the literature review for the xanthogranulomatous pyelonephritis it can be realized that 
Proteus is the most common organism involved followed by E. coli [151, 158].The stone 
formation and subsequent chronic obstruction and irritation could be attributable to Proteus 
organisms [147]. Polymicrobial infections have found to be the responsible organisms in 
33% of a series of 36 cases that included some anaerobics. 
No microbial growth could be detected in the urine of one-third of the patients. It seems that 
the reason is either the preventive effect of the urinary tract obstruction not allowing the 
contaminated urine to reach the bladder, or it is because of the antibiotic treatment prior to 
the patient’s admission [151]. In some cases, only the cultures of the tissue obtained during 
the operation could reveal the organism. The common findings in urinalysis are pyuria and 
proteinuria; nonetheless, urine culture is sterile in 35 % of patients. Blood tests are usually 
indicative of anemia and leukocytosis that hepatic dysfunction could be found in as high as 
50% of the patients [159]. Azotemia or serious renal failure is uncommon due to the almost 
always unilateral involvement in xanthogranulomatous pyelonephritis [149]. 
In sonography, a global enlargement of the kidney is usually found. Instead of the normal 
renal parenchyma, many hypoechoic fluid-filled masses are detected that are debris-filled 
dilated calyces or foci of parenchymal destruction. In focal involvement, a solid mass is 
present in the involved segment of the kidney with an associated calculus in the collecting 
system or ureter. As to the differential diagnosis, renal cell carcinoma and other solid renal 
lesions must be considered [160]. 
A renal mass due to a localized renal enlargement could be presented. Less common 
findings in excretory urography are delayed function and possibly a massive 
hydronephrosis. Although smaller calcifications within the mass are not uncommon, 
however, they are not very specific. 
The point of obstruction could be shown by retrograde pyelography that it also reveals the 
dilation of the renal pelvis and calyces. In contrast studies, extensive parenchymal damage 
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could be demonstrated as an ulcerated pyelocalyceal system with multiple irregular filling 
defects. 
The most valuable radiologic means in evaluating patients with xanthogranulomatous 
pyelonephritis is probably CT scanning (Figure 4). By using this radiologic technique, an 
enlarged nonfunctioning kidney with decreased contrast enhancement, dilated calyces, and 
the evidence of obstruction often by a renal stone could be demonstrated [161, 162]. At 
times, a large reniform mass with the renal pelvis closely encircling a central calcification, 
but without pelvic dilatation, could be demonstrated [160, 163]. In the scans, multiple water-
density masses that are representative of dilated calyces and abscess cavities filled with 
varied amounts of pus and debris could be observed instead of normal renal parenchyma. 
On enhanced scans, however, the abundant vascularity within the granulation tissue could 
make the walls of these cavities demonstrate a prominent blush. In contrast to the tumors 
and other inflammatory lesions, the cavities themselves, do not enhance in the scans. 
 

 
Fig. 4. CT scan :a multifocal mass in left kidney(transverse view). ( Courtesy of Simforoosh 
N., Sharifiaghdas F., Parvin M.,et al. The book “Urology Cases in Practice”. Labbafinejad 
Medical Center, Tehran, Iran.) 

In properly evaluating the involvements of the perirenal and pararenal tissues, CT scan is 
very helpful that could reveal extension of the inflammatory process into structures nearby, 
or abdominal wall [154, 161]. 
In order to confirm and quantify the differential lack of function in the involved kidney, 
99mTc-DMSA radionuclide renal scanning is exploited [149]. 
MRI has not excelled CT in assessing renal inflammation yet, however, it has the advantage 
of outlining extra renal extension of inflammation. On T1 and T2-weighted images, lesions 
of xanthogranulomatous pyelonephritis could emerge as cystic foci of intermediate intensity 
and hyper intensity signal, respectively [164]. 
Xanthogranulomatous pyelonephritis and renal cell carcinoma cannot usually be 
differentiated in the radiologic studies despite the distinctive radiologic signs. The decisive 
diagnosis is usually made pathologically, mostly after nephrectomy. In the last decade, 
however, a combination of increasingly sensitive radiologic investigations and suspicious 
clinical signs has made the preoperative diagnosis possible. 
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7.6 Differential diagnosis 
In segmental xanthogranulomatous pyelonephritis with no calculus, the diagnosis may be 
difficult. In a small contracted kidney, the radiographic findings are nonspecific and non-
diagnostic for XPN [161, 163]. 
The usual differential diagnoses for xanthogranulomatous pyelonephritis are Wilms tumor, 
renal cell carcinoma, renal abscess, infected renal cystic disease, tuberculosis, malakoplakia, 
and transitional renal cell carcinoma. There have also been the reports of cases associated 
with renal carcinoma [148, 155]. 
Differentiation between xanthogranulomatous pyelonephritis presented with massive pelvic 
dilation and pyonephrosis is not possible. In renal parenchymal malacoplakia, there may be 
renal enlargement and multiple inflammatory masses instead of the normal renal 
parenchyma, however, calculi are usually absent. Renal lymphoma could be presented by 
multiple hypoechoic masses in the kidney enclosing the contracted, non-dilated pelvis. 
Nevertheless, the clinical signs for lymphoma are clear and calculi are absent and the renal 
involvement is usually bilateral [160]. 

7.7 Management  
The correct diagnosis is the first issue to tackle in the correct treatment of 
xanthogranulomatous pyelonephritis. XPN used to be diagnosed mostly postoperatively in 
the past [147]. With today’s accurate modern CT technology, diagnosis nears 90% 
preoperatively [152, 158].  
To stabilize the patient preoperatively, antimicrobial therapy is necessary that the renal 
function could be occasionally restored by eradicating the infection through long-term 
antimicrobial therapy[165].  
In a study by Tasi et al., an adult case was reported who had bilateral diffuse XPN with no 
fever and was successfully managed by supportive care without renal replacement therapy. 
The subsequent eighteen-month follow-up was proven to be uneventful with relatively 
stable renal function (serum creatinine 10.6 mg/dl). Therefore, it seems fever could be used 
as an indicator for nephrectomy [166]. Nonetheless due to the limited reported cases, the 
significance of pyrexia should be investigated further for its importance to be fully 
recognized. 
If the renal involvement is either diffuse or indistinguishable from a renal tumor 
preoperatively, nephrectomy is carried out. Nonetheless, for the localized 
xanthogranulomatous pyelonephritis, diagnosed preoperatively or at exploration, partial 
nephrectomy is preferred [147, 157]. 
To make the diagnosis solely on the basis of frozen section could be difficult as the lipid-
laden macrophages associated with xanthogranulomatous pyelonephritis are very similar to 
clear cell adenocarcinoma. There also seems to be relations between the cells in 
xanthogranulomatous pyelonephritis and renal cell carcinoma, papillary transitional cell 
carcinoma of the pelvis or bladder, and infiltrating squamous cell carcinoma of the pelvis 
[148, 157]. As a result, nephrectomy should be performed if malignant renal tumor cannot 
be ruled out. In case of an encounter with enlarged lymph nodes, the nodes should be 
dissected to exclude coexisting renal cell carcinoma[148]. 
If there is a diffuse and extensive disease that extends to the retroperitoneum, nephrectomy 
accompanied by the removal of the perinephric fat and the dissection of granulomatous 
tissue from the diaphragm, great vessels, and bowel may be required. 
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If nephrectomy is not performed and incision and drainage is carried out instead, the patient 
may continue suffering from a prolonged incapacitating illness that could advance toward 
cutaneous fistula and in such cases an even more difficult nephrectomy will then be 
necessary [147].  
Laparoscopic nephrectomy has been concluded as a reasonable approach to the treatment of 
xanthogranulomatous pyelonephritis in some literature reviews, but the fact is that most 
XPN cases were managed through open surgery and the conversion rate was high in those 
few cases that laparoscopic approach had been tried [159, 167]. 

8. Malacoplakia 
8.1 Introduction 
The Greek word “Malacoplakia” literally means soft plaque and the term is used for any 
unusual inflammatory disease that was originally described to affect the bladder, however, 
it has been found later that it could affect the genitourinary and gastrointestinal tracts, skin, 
lungs, bones, and mesenteric lymph nodes. Originally, this chronic inflammatory lesion was 
described by Michaelis and Gutmann in 1902. In 1903, it was characterized by von 
Hansemann as soft, yellow-brown plaques with  large polygonal shaped macrophages and 
foamy eosinophilic cytoplasm (von Hansemann cells) that the pathognomonic PAS-positive 
granules are called Michaelis-Gutmann bodies [168] 
Malacoplakia does not have exact known pathogenesis; however, it probably results from 
abnormal macrophage function against a bacterial infection, mostly E. coli.  

8.2 Pathogenesis 
Although the true pathogenesis is unknown, but there are several popular theories 
available. Of some 93 patients who had cultures of urine, diseased tissue, or blood, 89.4% 
were found to have coliform infections [168]. Of the total number of patients in this review, 
some 40% of the patients had an immunodeficiency syndrome, autoimmune disease, 
carcinoma, or another systemic disorder. In malacoplakia, this association of coliform 
infections and patients’ compromised health status is well recognized. 
The distinguishable Michaelis-Gutmann bodies are believed  to originate from the 
phagolysosomes containing incompletely destroyed bacteria with abnormal deposition of 
calcium and iron [168]. As many authors agree there is a decreased intra cellular 
cGMP/cAMP ratio that seems to diminish capacity of macrophages for bacterial lysis. 
Hence, in Malacoplakia the assumption exists that the underlying cellular defect is the 
impaired intracellular killing of bacteria [169, 170]. The most frequent bacteria associated 
with malacoplakia are coliforms that in 75% of cases is E. coli [169]. 

8.3 Pathology 
To diagnose the disease, biopsy should be carried out that the lesion has the characteristic 
large histiocytes, known as von Hansemann cells, and pathognomonic small basophilic, 
extracytoplasmic, or intracytoplasmic calculospherules called Michaelis-Gutmann bodies.  
Electron microscopy has been able to demonstrate the intact coliform bacteria and bacterial 
fragments within phagolysosomes of the foamy-appearing malacoplakic histiocytes [168]. It 
has been emphasized that Michaelis-Gutmann bodies though pathognomonic for the 
disease, may not be observed in early malacoplakia; hence, they are not necessary for the 
diagnosis [168, 171]. 
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7.6 Differential diagnosis 
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disease, may not be observed in early malacoplakia; hence, they are not necessary for the 
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Large amounts of immunoreactive α1-antitrypsin have been detected in macrophages in 
malacoplakia involving the kidney and bladder [172]. In other pathologic processes that 
macrophages closely look alike the ones in malacoplakia, but without Michaelis-Gutmann 
bodies, they do not contain α1-antitrypsin that is with the exception for a few macrophages 
in tuberculosis and xanthogranulomatous pyelonephritis. In malacoplakia, hence, α1-
antitrypsin immunohistochemical staining could be a useful test for an early and accurate 
differential diagnosis.  

8.4 Clinical presentation 
The majority of patients are females who are over the age of 50 with a recurrent urinary tract 
infection history. For the malacoplakia in the urinary tract, the female to male ratio is 4:1; 
however, this ratio does not stand for other body tissues [168, 169]. The affected patients 
who are mostly debilitated, are immunosuppressed, with  other chronic diseases and they 
are similar to those patients on long-term steroid administration and individuals with 
acquired immunodeficiency syndrome, lymphoma, and diabetes mellitus [168]. 
Malacoplakia could appear through various clinical presentations that is appropriate to the 
location of the disease-associated plaques and can involve any portion of the urinary tract, 
nonetheless, the bladder is the most commonly involved site and it is followed by the renal 
parenchyma, ureters, and renal pelvis [168, 169]. 
The symptoms for the bladder malacoplakia that is more common than the other types of 
urinary tract involvement are bladder irritability and hematuria. In cystoscopy, mucosal 
plaques or nodules could be detected. With the progress of these lesions, they may become 
fungating, firm, sessile masses that result in filling defects of the bladder, ureter, or pelvis on 
excretory urograms. The disease process may cause distal ureter to be strictured or stenotic 
with subsequent renal obstruction or nonfunction [173].  
In malacoplakia, the common renal parenchymal disease may be presented with flank pain 
or tenderness, palpable mass, pyuria, hematuria, and fever [173] accompanied by the history 
of urinary tract infections. Due to the usual enlargement of the affected kidney, it  is 
commonly misdiagnosed as renal abscesses or malignant growths, particularly if there is 
concomitant lung involvement that can mimic metastatic disease [174]. In rare cases, 
malacoplakia has been reported as bilateral hydronephrosis and ureteral involvement [173, 
175]. It can also cause renal vein thrombosis, inferior vena cava thrombosis, or progressive 
renal failure. Malacoplakia should be considered in the differential diagnosis of acute renal 
failure if it directly involves the renal parenchyma, also in those rare cases of bilateral renal 
disease that the end-stage renal failure has been resulted [173, 176]. 
The renal malacoplakia may extend beyond the kidney and it may also be potentially fatal 
due to post-infectious glomerulonephritis secondary to bacterial presence in the renal 
parenchyma, and unlike bladder involvements, is a progressive and destructive 
parenchymal disease [177, 178]. 
With the advancement of the medical science, renal parenchymal disease is no longer 
considered as a frequently fatal disease in the new millennium; however, the morbidity rate 
still remains high and progress toward renal failure will ensue in a considerable number of 
patients with time [176]. 

8.5 Paraclinic findings 
Urine cytology: It could possibly reveal the presence of cells with Michaelis- Gutmann bodies 
in the urine sample tested [179].  
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Depending on the degree of internal necrosis, ultrasonography and CT may demonstrate a 
solid or cystic structure. Ultrasonography, CT, and arteriography are helpful means to 
establish the multifocal nature. 
The most common sonographic finding in renal parenchymal malacoplakia is diffuse 
enlargement of the affected kidneys, and to a lower extent, hypoechoic lesions, distortion of 
parenchymal echoes, and increased echogenicity of the parenchyma could be observed too 
[180, 181].  
The most common CT findings include nephromegaly and parenchymal inhomogeneity. 
The density of the foci of malacoplakia is less than the surrounding enhanced parenchyma. 
Nevertheless, there have been images available mimicking malignant renal infiltration 
presenting by masses with increased focal uptake, heterogenecity of focal necrosis, abscesses 
and multiple retroperitoneal lymph node of significant size with hypodense necrotic center 
[179, 182]. CT has also the best capability to demonstrate the extension beyond the kidney 
occurring either in multifocal or uniform malacoplakia [182]. 
The typical presentation of the multifocal malacoplakia on excretory urography is enlarged 
kidneys with multiple filling defects and it is on the contrary to the unifocal lesion that 
appears as a non-calcified mass indistinguishable from other inflammatory or neoplastic 
lesions. Moreover, renal calcification, lithiasis, and hydronephrosis do not exist [183].  
In a typical arteriography, a hypovascular mass without peripheral neovascularity could be 
observed [183]. 

8.6 Differential diagnosis 
Histopathologic analysis could establish the diagnosis; yet the diagnostic value of the 
cytologic analysis of fine-needle aspirates has also been demonstrated. Since malacoplakia 
has no characteristic clinical or radiologic sign, thus, biopsy is crucial both to confirm the 
diagnosis and to help exclude other possible pathologies [184]. 
In case of observing one or more renal masses, malacoplakia should be suspected, 
particularly in females with recurrent UTIs with E. coli, altered immune response 
syndromes, or cystoscopic evidence of malacoplakia or filling defects in the collecting 
system. In a renal transplant patient with these radiographic findings and persistent UTI 
who has received appropriate antimicrobial therapy, malacoplakia should also be suspected.  
The differential diagnoses to consider are renal cystic disease, neoplasia, and renal 
inflammatory disease [184]. To exclude cystic disease in general, careful sonographic and CT 
evaluations could be carried out. In the course of the disease, late renal involvement with 
metastatic disease or lymphomas usually occurs that is well documented. Most often, 
multifocal renal cell carcinoma is seen in the context of von Hippel-Lindau disease together 
with its other clinical manifestations. Similar to malacoplakia, signs and symptoms of UTI 
are usually available in the patients with xanthogranulomatous pyelonephritis and the 
involved kidney is enlarged; however, renal calculi and obstruction are common. Multiple 
renal abscesses are often the result of hematogenous dissemination originated by cardiac 
disease. 

8.7 Management 
To stabilize the disease process and to manage malacoplakia, the control of the UTIs should 
be the target of the treatment [168]. 
An antibiotic with an excellent cell membrane penetration is the cornerstone of treatment 
that fluoroquinolones are effective in up to 80 -90% of cases and since their debut in the 
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who are mostly debilitated, are immunosuppressed, with  other chronic diseases and they 
are similar to those patients on long-term steroid administration and individuals with 
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Malacoplakia could appear through various clinical presentations that is appropriate to the 
location of the disease-associated plaques and can involve any portion of the urinary tract, 
nonetheless, the bladder is the most commonly involved site and it is followed by the renal 
parenchyma, ureters, and renal pelvis [168, 169]. 
The symptoms for the bladder malacoplakia that is more common than the other types of 
urinary tract involvement are bladder irritability and hematuria. In cystoscopy, mucosal 
plaques or nodules could be detected. With the progress of these lesions, they may become 
fungating, firm, sessile masses that result in filling defects of the bladder, ureter, or pelvis on 
excretory urograms. The disease process may cause distal ureter to be strictured or stenotic 
with subsequent renal obstruction or nonfunction [173].  
In malacoplakia, the common renal parenchymal disease may be presented with flank pain 
or tenderness, palpable mass, pyuria, hematuria, and fever [173] accompanied by the history 
of urinary tract infections. Due to the usual enlargement of the affected kidney, it  is 
commonly misdiagnosed as renal abscesses or malignant growths, particularly if there is 
concomitant lung involvement that can mimic metastatic disease [174]. In rare cases, 
malacoplakia has been reported as bilateral hydronephrosis and ureteral involvement [173, 
175]. It can also cause renal vein thrombosis, inferior vena cava thrombosis, or progressive 
renal failure. Malacoplakia should be considered in the differential diagnosis of acute renal 
failure if it directly involves the renal parenchyma, also in those rare cases of bilateral renal 
disease that the end-stage renal failure has been resulted [173, 176]. 
The renal malacoplakia may extend beyond the kidney and it may also be potentially fatal 
due to post-infectious glomerulonephritis secondary to bacterial presence in the renal 
parenchyma, and unlike bladder involvements, is a progressive and destructive 
parenchymal disease [177, 178]. 
With the advancement of the medical science, renal parenchymal disease is no longer 
considered as a frequently fatal disease in the new millennium; however, the morbidity rate 
still remains high and progress toward renal failure will ensue in a considerable number of 
patients with time [176]. 

8.5 Paraclinic findings 
Urine cytology: It could possibly reveal the presence of cells with Michaelis- Gutmann bodies 
in the urine sample tested [179].  
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Depending on the degree of internal necrosis, ultrasonography and CT may demonstrate a 
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establish the multifocal nature. 
The most common sonographic finding in renal parenchymal malacoplakia is diffuse 
enlargement of the affected kidneys, and to a lower extent, hypoechoic lesions, distortion of 
parenchymal echoes, and increased echogenicity of the parenchyma could be observed too 
[180, 181].  
The most common CT findings include nephromegaly and parenchymal inhomogeneity. 
The density of the foci of malacoplakia is less than the surrounding enhanced parenchyma. 
Nevertheless, there have been images available mimicking malignant renal infiltration 
presenting by masses with increased focal uptake, heterogenecity of focal necrosis, abscesses 
and multiple retroperitoneal lymph node of significant size with hypodense necrotic center 
[179, 182]. CT has also the best capability to demonstrate the extension beyond the kidney 
occurring either in multifocal or uniform malacoplakia [182]. 
The typical presentation of the multifocal malacoplakia on excretory urography is enlarged 
kidneys with multiple filling defects and it is on the contrary to the unifocal lesion that 
appears as a non-calcified mass indistinguishable from other inflammatory or neoplastic 
lesions. Moreover, renal calcification, lithiasis, and hydronephrosis do not exist [183].  
In a typical arteriography, a hypovascular mass without peripheral neovascularity could be 
observed [183]. 

8.6 Differential diagnosis 
Histopathologic analysis could establish the diagnosis; yet the diagnostic value of the 
cytologic analysis of fine-needle aspirates has also been demonstrated. Since malacoplakia 
has no characteristic clinical or radiologic sign, thus, biopsy is crucial both to confirm the 
diagnosis and to help exclude other possible pathologies [184]. 
In case of observing one or more renal masses, malacoplakia should be suspected, 
particularly in females with recurrent UTIs with E. coli, altered immune response 
syndromes, or cystoscopic evidence of malacoplakia or filling defects in the collecting 
system. In a renal transplant patient with these radiographic findings and persistent UTI 
who has received appropriate antimicrobial therapy, malacoplakia should also be suspected.  
The differential diagnoses to consider are renal cystic disease, neoplasia, and renal 
inflammatory disease [184]. To exclude cystic disease in general, careful sonographic and CT 
evaluations could be carried out. In the course of the disease, late renal involvement with 
metastatic disease or lymphomas usually occurs that is well documented. Most often, 
multifocal renal cell carcinoma is seen in the context of von Hippel-Lindau disease together 
with its other clinical manifestations. Similar to malacoplakia, signs and symptoms of UTI 
are usually available in the patients with xanthogranulomatous pyelonephritis and the 
involved kidney is enlarged; however, renal calculi and obstruction are common. Multiple 
renal abscesses are often the result of hematogenous dissemination originated by cardiac 
disease. 

8.7 Management 
To stabilize the disease process and to manage malacoplakia, the control of the UTIs should 
be the target of the treatment [168]. 
An antibiotic with an excellent cell membrane penetration is the cornerstone of treatment 
that fluoroquinolones are effective in up to 80 -90% of cases and since their debut in the 
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early 90’s, they have been the greatest support in the literature to manage the disease [176, 
185]. They have been the first choice of treatment due to the easy passage through the 
macrophage and histiocyte cell wall providing high concentrations there [179, 186]. 
Despite the use of various long-term antimicrobial agents such as many antituberculosis 
agents, however, the sulfonamides, rifampin, doxycycline, and TMP are found to be 
particularly useful owing to their intracellular bactericidal activity [179, 185]. 
In the patients that receive immunosuppressive therapy for any reason, the suspension of 
their medications is advisable during the treatment period. 
As phagocytic dysfunction is supposedly the reason behind the malacoplakia, the use of 
ascorbic acid (Vitamin C) and cholinergic agents such as bethanechol in conjunction with 
antimicrobial therapy have been reported with good results in the restoration of phagocytic 
function [168, 179]. It is believed that the aforesaid agents work through increasing 
intracellular cyclic guanosine monophosphate levels (cGMP) that its biologic defect 
seemingly leads to macrophage dysfunction and its availability restores lysosomal function 
that in turn enhances phagocytosis. 
If the disease progresses in spite of antimicrobial treatment, surgical intervention could be 
indicated that for the treatment of symptomatic unilateral renal lesions, nephrectomy is 
usually performed. As to the often very aggressive nature of the retroperitoneal 
involvement, it could be fatal [176, 179]. 
Prognosis seems appropriate to the extent of the disease in the long-term. In bilateral 
parenchymal renal malacoplakia or in the transplanted kidney the survival is usually 
limited to 6 months [179, 186]. On the opposite, the long-term survival after nephrectomy in 
the unilateral disease is good that in a literature review in 2003, the survival rate was found 
to be over 90% in such patients. Nonetheless due to the possible long-term relapse, these 
patients must always undergo close evaluation periodically [176].  
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185]. They have been the first choice of treatment due to the easy passage through the 
macrophage and histiocyte cell wall providing high concentrations there [179, 186]. 
Despite the use of various long-term antimicrobial agents such as many antituberculosis 
agents, however, the sulfonamides, rifampin, doxycycline, and TMP are found to be 
particularly useful owing to their intracellular bactericidal activity [179, 185]. 
In the patients that receive immunosuppressive therapy for any reason, the suspension of 
their medications is advisable during the treatment period. 
As phagocytic dysfunction is supposedly the reason behind the malacoplakia, the use of 
ascorbic acid (Vitamin C) and cholinergic agents such as bethanechol in conjunction with 
antimicrobial therapy have been reported with good results in the restoration of phagocytic 
function [168, 179]. It is believed that the aforesaid agents work through increasing 
intracellular cyclic guanosine monophosphate levels (cGMP) that its biologic defect 
seemingly leads to macrophage dysfunction and its availability restores lysosomal function 
that in turn enhances phagocytosis. 
If the disease progresses in spite of antimicrobial treatment, surgical intervention could be 
indicated that for the treatment of symptomatic unilateral renal lesions, nephrectomy is 
usually performed. As to the often very aggressive nature of the retroperitoneal 
involvement, it could be fatal [176, 179]. 
Prognosis seems appropriate to the extent of the disease in the long-term. In bilateral 
parenchymal renal malacoplakia or in the transplanted kidney the survival is usually 
limited to 6 months [179, 186]. On the opposite, the long-term survival after nephrectomy in 
the unilateral disease is good that in a literature review in 2003, the survival rate was found 
to be over 90% in such patients. Nonetheless due to the possible long-term relapse, these 
patients must always undergo close evaluation periodically [176].  
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1. Introduction  
Infections of the urinary tract (UTI) are one of the most common infections for which 
antibiotics are prescribed. Asymptomatic bacteriuria, or asymptomatic urinary infection, is a 
common condition (Nicolle, 2003). Based on the microbiological definition, urinary tract infections 
are characterized by the presence of ≥105 colony-forming units per ml (CFUs/mL) of a single bacterial 
species or multiple organisms in two consecutive urine specimens, properly collected from a person 
with symptoms or signs of a UTI (Rubin et al., 1992). However, the presence of a significant 
quantity of bacteria in the urine of an asymptomatic patient is known as asymptomatic 
bacteriuria. Quantitative criteria to establish the diagnosis of significant bacteriuria in an 
asymptomatic person are: 1. at least 105 CFUs/mL of urine in a voided midstream, so called 
clean-catch specimen; and 2. at least 100 CFUs per mL of urine obtained by bladder 
catheterization. Despite several decades of research, there is still a considerable amount of 
controversy about the adequate management of bacteriuria. A common dilemma in clinical 
medicine is whether or not to treat asymptomatic bacteriuria. It is now recognized that 
certain patient characteristics can led to the development of symptomatic infections based 
on an asymptomatic bacteriuria. For several clinical scenarios, the antibiotic treatment of 
asymptomatic bacteriuria has been shown to improve patient outcomes. Based on clinical 
trials conducted over the last few decades, better recommendations for the management of 
bacteriuria in different patient population could be established. The Infectious Diseases 
Society of America (IDSA) established guidelines for the screening and treatment of 
asymptomatic bacteriuria (Nicolle et al., 2005). The optimal management depends 
significantly on specific patient characteristics, co-morbidities, and risk factors. Recent 
studies could prove that for certain patient populations, screening and treatment is 
beneficial or may be beneficial. However, for other clinical scenarios, screening and 
treatment for asymptomatic bacteriuria has not proven to be beneficial and therefore is 
highly controversial. Importantly, overtreatment of asymptomatic bacteriuria is a quality, 
safety, and cost issue. Recent studies have revealed a substantial gap between clinical 
practice, published guidelines, and recommendations (need reference). Treating physicians 
need to be aware that because of an increasing antimicrobial resistance, it is important to 
treat patients only if there is clear evidence of potential benefits. Therefore, in this chapter 
we review the most recent literature and provide up-to-date information for treating 
physicians on how to diagnose and when to treat asymptomatic bacteriuria. 
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1.1 Historical aspects  
The use of quantitative urine cultures for the microbiological diagnosis of UTI was 
suggested and validated more than 50 years ago (Kass, 1957, 1962). If bacteria were isolated 
in quantitative counts of ≥105 colony-forming units (CFU)/mL in a voided urine specimen 
from asymptomatic patients, the condition was described as asymptomatic bacteriuria. 
Interestingly, in this patient population the isolated organisms were always the same in 
paired specimens obtained by urinary catheterization. Quantitative counts of ≤105 colony-
forming units (CFU)/mL in a voided urine specimen usually resulted in a negative paired 
catheterized specimens. Therefore, ≤105 colony-forming units (CFU)/mL in voided 
specimens were considered as contamination. The general acceptance and widespread use 
of this technique identified several clinically asymptomatic patient populations with an 
increased prevalence of positive urine cultures (Kunin, 1966). Specifically, pregnant women, 
patients with urogenital abnormalities, and patients with indwelling urethral catheters 
demonstrated a higher incidence of asymptomatic bacteriuria (Kunin, 1966).  Antibiotic 
treatment of asymptomatic bacteriuria in pregnant women resulted in a significantly 
reduced incidence of pyelonephritis  (Kass, 1962), which is considered an important concern 
in pregnancy. The obvious benefits of eradicating bacteriuria in asymptomatic pregnant 
women were interpreted to be generally applicable. Therefore, other patient populations 
with asymptomatic bacteriuria were also treated ordinarily (Kass, 1962). This treatment 
strategy was not based on clinical studies or facts, rather on the assumption that 
asymptomatic bacteriuria was consistently harmful in all populations and necessitated 
antibiotic treatment (Nicolle, 2006). Both basic and clinical research conducted over the last 
few decades, including long-term cohort studies and prospective randomized comparative 
trials in defined populations with asymptomatic bacteriuria, have improved the 
understanding of this clinical condition and addressed appropriate management (Nicolle, 
2006). 

2. Material and methods 
To identify all relevant materials, comprehensive literature searches were performed via the 
data sources: MEDLINE, EMBASE, CINAHL and OVID using the key words: asymptomatic 
bacteriuria, pyuria, urinary tract infection, urine culture, UTI, antibiotic treatment. Relevant 
articles and references between 1962 and 2010 were reviewed and analyzed for data on the 
association between asymptomatic bacteriuria and antibiotic treatment. Reference lists from 
relevant review articles were also searched. Only articles published as formal papers in 
peer-reviewed journals were selected for inclusion if they reported outcomes of interest 
including potential benefits of antibiotic treatment for asymptomatic bacteriuria. The data 
base searches resulted in 1400 articles, of which 356 of 1400 pertained directly to 
asymptomatic bacteriuria and antibiotic treatment. The entirety of these articles was 
reviewed, forming the basis for the current review.  

3. Results 
3.1 Causes and pathogenesis of asymptomatic bacteriuria 
The normal upper and lower urinary tract is considered sterile, except for the distal end of 
the urethra. Colonization with bacteria or development of an asymptomatic bacteriuria 
occurs due to ascension of bacteria into the urinary bladder or into the upper urinary tract, 
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including the kidneys. Typically, the bacteria isolated from patients with asymptomatic 
bacteriuria are part of the normal colonizing flora of the periurethral area, vagina, or bowel. 
The most common organism isolated from patients with asymptomatic bacteriuria is almost 
uniformly Escherichia coli (Bennett et al., 1995, Hooton et al., 2000, Kunin et al., 1964, 
Leblanc &McGanity, 1964, Nicolle et al., 1983, Nicolle et al., 1987, Zhanel et al., 1995), with 
only two exceptions. In elderly institutionalized men, common organisms include 
Pseudomonas mirabilis, Providencia spp, and Pseudomonas aeruginosa. In patients with 
spinal cord injuries, only Klebsiella pneumonia and Streptococcus spp are more common 
(Bennett et al., 1995, Nicolle et al., 1983). However, a large variety of different bacteria can be 
isolated, including Citrobacter spp, Enterococcus spp, coagulase-negative staphylococcus 
species, and others (Bennett et al., 1995, Hooton et al., 2000, Kunin et al., 1964, Nicolle et al., 
1983, Nicolle et al., 1987, Zhanel et al., 1995). The mechanisms causing asymptomatic 
bacteriuria are still not fully understood. Characterization and comparison of Escherichia 
coli strains from patients with asymptomatic bacteriuria and acute uncomplicated urinary 
infection/acute nonobstructive pyelonephritis revealed a lower frequency of genetic 
markers or phenotypic expression of potential virulence factors (Geerlings et al., 2001, 
Stenqvist et al., 1987, Svanborg &Godaly, 1997). The expression of virulence factors seems to 
be a key event determining symptoms or persistence (Andersson et al., 1991). Interestingly, 
several authors reported a local response even in the absence of clinical symptoms. A local 
response includes mainly pyuria (Bachman et al., 1993, Hooton et al., 2000, Kincaid-Smith 
&Bullen, 1965, Kunin et al., 1964, Nicolle, 1997, 2001, Zhanel et al., 1995), although other 
local inflammatory or immune markers,  including cytokines and urinary immunoglobulins, 
may also be present (Nicolle, 1997, Svanborg &Godaly, 1997).  

3.2 Diagnostic 
3.2.1 Urine culture 
To establish the diagnosis of bacteriuria, a urine specimen for culture is necessary. There is a 
general agreement for men and women in the definition of the diagnostic approach in order 
to make the diagnosis bacteriuria (Evans et al., 1978, Gleckman et al., 1979, Hooton et al., 
2000, Kunin, 1966, Lipsky et al., 1987, Ouslander et al., 1987, Rubin et al., 1992).   
For men, a quantitative count  of a potential uropathogen of ≥105 CFU/mL in a single 
voided midstream clean-catch specimen or at least 100 CFUs per mL of urine from a 
catheterized specimen are reliable for identification of bacteriuria (Gleckman et al., 1979, 
Lipsky, 1989, Lipsky et al., 1987, Saint &Chenoweth, 2003, Warren et al., 1982). Exception 
exists for elderly men with external condom catheters. For this patient population, a 
quantitative count of ≥105 CFU/mL is necessary for the diagnosis. The results were obtained 
by comparison with bacterial counts of concurrent catheterized specimens (Nicolle et al., 
1988, Ouslander et al., 1987). Quantitative counts ≤105 CFU/mL are consistent of bacterial 
colonization with periurethral organisms or contamination from the condom catheter itself. 
For women, a quantitative count of a potential uropathogen of ≥105 CFU/mL in at least two 
consecutive voided midstream clean-catch specimen or at least 100 CFUs per mL of urine 
from a catheterized specimen are reliable for identification of bacteriuria and the 
recommended standard (Kunin, 1966, Nicolle, 2003, Nicolle et al., 2005, Rubin et al., 1992). 
Identification of bacteriuria in women based on a single voided specimen has been reported 
to be 80% specific, and 95% specific for two specimens (Kunin et al., 1964, Rubin et al., 1992). 
The fact that there is an 80% concordance rate between the first and the second voided urine 
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specimen is often related to a transient bacteriuria, a condition common in young women 
(Hooton et al., 2000). 
According to the IDSA guideline, the criteria for identification of bacteriuria in specimens 
obtained from catheterized patients are similar for women and men. (Saint &Chenoweth, 
2003). However, some authors defined bacteriuria differently in their studies, ranging from 
identification in a single voided urine (Geerlings et al., 2000, Hooton et al., 2000) to those 
requiring persistent bacteriuria from two or more specimens (Evans et al., 1978).  

3.2.2 Nonculture urine tests 
Nonculture urine tests are widely used in primary care settings to evaluate urinary 
symptoms or as a screening test. The sensitivity and specificity of nonculture urine tests are 
insufficient to diagnose bacteriuria in asymptomatic patients. Nonculture urine tests are the 
so called dipstick tests and are designed to identify leukocyte esterase and nitrite in the 
urine specimen. A urine dipstick leukocyte esterase test showing pyuria has a sensitivity of 
75 to 96 percent and specificity of 94 to 98 percent (Sobel, 2005). However, the test is not 
specific enough and may also be positive with other inflammatory conditions of the 
genitourinary tract (e.g., vaginitis). Frequently, patient with asymptomatic bacteriuria do 
not have pyuria. The urine dipstick nitrite test has several limitations, and therefore has a 
high false-negative rate. Importantly, the test is unable to diagnose bacteriuria with non-
nitrite–producing pathogens (Kunin &DeGroot, 1975). Both a delay between urine sample 
collection and testing, and insufficient time since the last void for bacteria to produce 
sufficient amount of nitrites to appear at detectable levels contribute to the high false-
negative rate (Goossens et al., 1985, Kunin &DeGroot, 1975, McNair et al., 2000). A higher 
specificity can be achieved by combining the leukocyte esterase and nitrite tests results, but 
the quantitative urine culture remains the optimal screening test. A microscopic urine 
analysis is a useful additional test for the identification of bacteriuria (Colgan et al., 2006). 

3.3 Epidemiology  
Although asymptomatic bacteriuria is a common condition, its prevalence differs 
significantly between certain patient population. The prevalence depends on age, sex, sexual 
activity, pregnancy, the presence of genitourinary abnormalities, indwelling urinary 
catheters, and co-morbidities including diabetes mellitus and immunosuppressive 
conditions (Bakke &Digranes, 1991, Chaudhry et al., 1993, Nicolle, 1997, 2003, Waites et al., 
1993, Zhanel et al., 1991). It more often affects women than men (Colgan et al., 2006). Studies 
could show that the type of organisms isolated from patients with asymptomatic bacteriuria 
is influenced by certain patient characteristics: e.g. a healthy person will most likely harbor 
E. coli, while a nursing home resident with a catheter is more likely to have a multi-drug–
resistant polymicrobic flora (e.g., P. aeruginosa). Enterococcus species and gram-negative 
bacilli are common in men. In order to describe the prevalence for certain subgroups, a 
modified classification from Nicolle was used (Nicolle, 2003).     

3.4 Prevalence and treatment outcomes for certain patient population 
3.4.1 Healthy, young populations 
Pediatric Population 
The prevalence of asymptomatic bacteriuria in full-term infants and in premature infants is 
less than 1% and 3%, respectively (Edelmann et al., 1973). If bacteriuria is present in 
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neonates and infants, congenital malformations, especially vesicoureteral reflux, need to be 
rule out (Whitworth, 1981). Even an asymptomatic bacteriuria can cause renal scars and 
subsequently renal insufficiency and hypertension later in life. Antibiotic therapy maybe 
recommended under these circumstances. In preschool aged children, the prevalence is 
approximately 0.8% for girls and is insignificant for boys, and is almost never identified 
beyond the newborn period (Siegel et al., 1980). Its prevalence subsequently increases 
slightly with age (Siegel et al., 1980). In school-age girls, the prevalence is around 2%-5% 
(Kunin, 1985). Two randomized controlled trials did not report significant differences in 
outcome when treating asymptomatic bacteriuria in girls with antibiotics or not (Lindberg, 
1975, Savage et al., 1975). Others could show that girls with asymptomatic bacteriuria do 
experience more frequent symptomatic urinary infection compared with those without 
bacteriuria (Emans et al., 1979, Gillenwater et al., 1979). Antibiotic treatment in this clinical 
setting showed only little benefit (Sequelae of covert bacteriuria in schoolgirls. A four-year 
follow-up study, 1978, Covert bacteriuria in schoolgirls in Newcastle upon Tyne: a 5-year 
follow-up. Newcastle Covert Bacteriuria Research Group, 1981, Gillenwater et al., 1979, 
Lindberg et al., 1978, Siegel et al., 1980, Welch et al., 1976, Wettergren et al., 1990). 
Noteworthy, spontaneous resolutions are common, as well recontaminations and 
persistence for many years (Hansson et al., 1989, Kunin, 1985). More importantly, initiated 
antibiotic treatment in these conditions  resulted subsequently in a higher incidence of 
symptomatic urinary infection in the post-treatment period (Hansson et al., 1989). Therefore, 
screening for or treatment of asymptomatic bacteriuria in healthy children is not 
recommended (Kemper &Avner, 1992, Lindberg et al., 1978, Wettergren et al., 1990). 
Non-pregnant premenopausal, women 
The prevalence of asymptomatic bacteriuria in young, healthy, premenopausal, non-
pregnant women was reported between 0.7% and 5.2% (Bengtsson et al., 1998, Kunin 
&McCormack, 1968). It increases with age and sexual activity (Kunin &McCormack, 1968). 
Even without urological abnormalities, it is a common finding and shows a correlation with 
the use of a diaphragm or spermicide for birth control (Hooton et al., 2000, Peddie et al., 
1986). A number of studies demonstrate that approximately 30% of women with 
asymptomatic bacteriuria will develop symptomatic episodes within 1 year (Asscher et al., 
1969, Gaymans et al., 1976), however none of the studies show any benefit from treating 
(Alwall, 1978, Freedman, 1975, Gleckman, 1976, Tencer, 1988). In this patient population 
asymptomatic bacteriuria is not associated with any long-term adverse outcomes. 
Noteworthy, antimicrobial therapy given in this setting is rather associated with an 
increased frequency of symptomatic infection in the immediate post-antibiotic period 
(Foxman et al., 2001, Smith et al., 1997). Therefore, screening for and treatment of 
asymptomatic bacteriuria are not recommended for healthy, premenopausal, non-pregnant 
women. Moreover, eradication of bacteriuria by antibiotic courses is difficult, time 
consuming, costly, and potentially hazardous (Raz, 2003). 

Pregnant women 
The prevalence of asymptomatic bacteriuria during pregnancy ranges between 2% to 7% 
and is similar to non-pregnant women of the same age (Little, 1966, Plauche et al., 1981). 
Physiological changes during pregnancy, including dilatation of the ureters and renal pelvis, 
allow bacteria in the bladder to reach the kidneys and produce pyelonephritis (Shortliffe, 
1986). 20% to 30% of bacteriuric pregnant women develop an acute pyelonephritis during 
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specimen is often related to a transient bacteriuria, a condition common in young women 
(Hooton et al., 2000). 
According to the IDSA guideline, the criteria for identification of bacteriuria in specimens 
obtained from catheterized patients are similar for women and men. (Saint &Chenoweth, 
2003). However, some authors defined bacteriuria differently in their studies, ranging from 
identification in a single voided urine (Geerlings et al., 2000, Hooton et al., 2000) to those 
requiring persistent bacteriuria from two or more specimens (Evans et al., 1978).  

3.2.2 Nonculture urine tests 
Nonculture urine tests are widely used in primary care settings to evaluate urinary 
symptoms or as a screening test. The sensitivity and specificity of nonculture urine tests are 
insufficient to diagnose bacteriuria in asymptomatic patients. Nonculture urine tests are the 
so called dipstick tests and are designed to identify leukocyte esterase and nitrite in the 
urine specimen. A urine dipstick leukocyte esterase test showing pyuria has a sensitivity of 
75 to 96 percent and specificity of 94 to 98 percent (Sobel, 2005). However, the test is not 
specific enough and may also be positive with other inflammatory conditions of the 
genitourinary tract (e.g., vaginitis). Frequently, patient with asymptomatic bacteriuria do 
not have pyuria. The urine dipstick nitrite test has several limitations, and therefore has a 
high false-negative rate. Importantly, the test is unable to diagnose bacteriuria with non-
nitrite–producing pathogens (Kunin &DeGroot, 1975). Both a delay between urine sample 
collection and testing, and insufficient time since the last void for bacteria to produce 
sufficient amount of nitrites to appear at detectable levels contribute to the high false-
negative rate (Goossens et al., 1985, Kunin &DeGroot, 1975, McNair et al., 2000). A higher 
specificity can be achieved by combining the leukocyte esterase and nitrite tests results, but 
the quantitative urine culture remains the optimal screening test. A microscopic urine 
analysis is a useful additional test for the identification of bacteriuria (Colgan et al., 2006). 

3.3 Epidemiology  
Although asymptomatic bacteriuria is a common condition, its prevalence differs 
significantly between certain patient population. The prevalence depends on age, sex, sexual 
activity, pregnancy, the presence of genitourinary abnormalities, indwelling urinary 
catheters, and co-morbidities including diabetes mellitus and immunosuppressive 
conditions (Bakke &Digranes, 1991, Chaudhry et al., 1993, Nicolle, 1997, 2003, Waites et al., 
1993, Zhanel et al., 1991). It more often affects women than men (Colgan et al., 2006). Studies 
could show that the type of organisms isolated from patients with asymptomatic bacteriuria 
is influenced by certain patient characteristics: e.g. a healthy person will most likely harbor 
E. coli, while a nursing home resident with a catheter is more likely to have a multi-drug–
resistant polymicrobic flora (e.g., P. aeruginosa). Enterococcus species and gram-negative 
bacilli are common in men. In order to describe the prevalence for certain subgroups, a 
modified classification from Nicolle was used (Nicolle, 2003).     

3.4 Prevalence and treatment outcomes for certain patient population 
3.4.1 Healthy, young populations 
Pediatric Population 
The prevalence of asymptomatic bacteriuria in full-term infants and in premature infants is 
less than 1% and 3%, respectively (Edelmann et al., 1973). If bacteriuria is present in 
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neonates and infants, congenital malformations, especially vesicoureteral reflux, need to be 
rule out (Whitworth, 1981). Even an asymptomatic bacteriuria can cause renal scars and 
subsequently renal insufficiency and hypertension later in life. Antibiotic therapy maybe 
recommended under these circumstances. In preschool aged children, the prevalence is 
approximately 0.8% for girls and is insignificant for boys, and is almost never identified 
beyond the newborn period (Siegel et al., 1980). Its prevalence subsequently increases 
slightly with age (Siegel et al., 1980). In school-age girls, the prevalence is around 2%-5% 
(Kunin, 1985). Two randomized controlled trials did not report significant differences in 
outcome when treating asymptomatic bacteriuria in girls with antibiotics or not (Lindberg, 
1975, Savage et al., 1975). Others could show that girls with asymptomatic bacteriuria do 
experience more frequent symptomatic urinary infection compared with those without 
bacteriuria (Emans et al., 1979, Gillenwater et al., 1979). Antibiotic treatment in this clinical 
setting showed only little benefit (Sequelae of covert bacteriuria in schoolgirls. A four-year 
follow-up study, 1978, Covert bacteriuria in schoolgirls in Newcastle upon Tyne: a 5-year 
follow-up. Newcastle Covert Bacteriuria Research Group, 1981, Gillenwater et al., 1979, 
Lindberg et al., 1978, Siegel et al., 1980, Welch et al., 1976, Wettergren et al., 1990). 
Noteworthy, spontaneous resolutions are common, as well recontaminations and 
persistence for many years (Hansson et al., 1989, Kunin, 1985). More importantly, initiated 
antibiotic treatment in these conditions  resulted subsequently in a higher incidence of 
symptomatic urinary infection in the post-treatment period (Hansson et al., 1989). Therefore, 
screening for or treatment of asymptomatic bacteriuria in healthy children is not 
recommended (Kemper &Avner, 1992, Lindberg et al., 1978, Wettergren et al., 1990). 
Non-pregnant premenopausal, women 
The prevalence of asymptomatic bacteriuria in young, healthy, premenopausal, non-
pregnant women was reported between 0.7% and 5.2% (Bengtsson et al., 1998, Kunin 
&McCormack, 1968). It increases with age and sexual activity (Kunin &McCormack, 1968). 
Even without urological abnormalities, it is a common finding and shows a correlation with 
the use of a diaphragm or spermicide for birth control (Hooton et al., 2000, Peddie et al., 
1986). A number of studies demonstrate that approximately 30% of women with 
asymptomatic bacteriuria will develop symptomatic episodes within 1 year (Asscher et al., 
1969, Gaymans et al., 1976), however none of the studies show any benefit from treating 
(Alwall, 1978, Freedman, 1975, Gleckman, 1976, Tencer, 1988). In this patient population 
asymptomatic bacteriuria is not associated with any long-term adverse outcomes. 
Noteworthy, antimicrobial therapy given in this setting is rather associated with an 
increased frequency of symptomatic infection in the immediate post-antibiotic period 
(Foxman et al., 2001, Smith et al., 1997). Therefore, screening for and treatment of 
asymptomatic bacteriuria are not recommended for healthy, premenopausal, non-pregnant 
women. Moreover, eradication of bacteriuria by antibiotic courses is difficult, time 
consuming, costly, and potentially hazardous (Raz, 2003). 

Pregnant women 
The prevalence of asymptomatic bacteriuria during pregnancy ranges between 2% to 7% 
and is similar to non-pregnant women of the same age (Little, 1966, Plauche et al., 1981). 
Physiological changes during pregnancy, including dilatation of the ureters and renal pelvis, 
allow bacteria in the bladder to reach the kidneys and produce pyelonephritis (Shortliffe, 
1986). 20% to 30% of bacteriuric pregnant women develop an acute pyelonephritis during 
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pregnancy if untreated, in contrast to only 1-3% of pregnant women who received 
antibiotics (Golan et al., 1989, Kasviki-Charvati et al., 1982). It is well documented that acute 
pyelonephritis in late pregnancy is associated with prematurity (Gilstrap et al., 1981, 
McGrady et al., 1985, Mittendorf et al., 1992). Asymptomatic bacteriuria in pregnancy has 
also been associated with low-birth-weight infants and the possibility of perinatal death 
(Platt, 1987, Romero et al., 1989, Schieve et al., 1994, Wadland &Plante, 1989). Treatment of 
bacteriuria in pregnancy resulted in a 90% risk reduction, and also decreases premature 
delivery (see Table 4) (Gratacos et al., 1994). Therefore, screening for and antibiotic 
treatment of asymptomatic bacteriuria in pregnant women are beneficial (Nicolle, 2003). 
Healthy young men 
Only limited data are reported on the association between asymptomatic bacteriuria and 
young men. According to the literature, it is uncommon in healthy young adult men 
(Lipsky, 1989). The reported prevalence ranges between 0% and 1.5% (Freedman, 1975, 
Wilson et al., 1986). No significant differences were reported for heterosexual and 
homosexual men (Wilson et al., 1986). One clinical study reporting 1.5% prevalence of 
asymptomatic bacteriuria in young men could show that after careful questioning, all 
bacteriuric men had lower urinary tract symptoms, including dysuria (Wilson et al., 1986). 
Taking into consideration the limited reported results, asymptomatic bacteriuria is not a 
relevant clinical issue in young healthy men, and therefore, screening for asymptomatic 
bacteriuria is not recommended. 

3.4.2 Elderly populations 
Community and institutionalized residents 
The prevalence of asymptomatic bacteriuria in the elderly populations is common and 
differs significantly between community residents and residents in long-term care facilities  
(Nicolle, 1997, 2003, 2006). The prevalence ranges between 6% to 50% in women, and 6% to 
34% in men for community residents and increases with age (Boscia et al., 1986, Kunin 
&McCormack, 1968). An even higher prevalence was reported for elderly institutionalized 
residents (25% to 50% in women, and 15% to 40% in men) (Nicolle, 1997, 2003, 2006). 
Decreased estrogen effect on the genitourinary mucosa, urinary incontinence, prior urologic 
events including genitourinary surgery, urologic abnormalities such as cystoceles, as well as 
recurrent symptomatic infection in elderly women contribute to asymptomatic bacteriuria 
(Raz et al., 2000). For men, prostatic hypertrophy with bladder outlet obstruction was 
reported to be the major predisposing factor for the development of asymptomatic 
bacteriuria. Also the use of an external condom catheter to manage incontinence in men 
increases its prevalence (Ouslander et al., 1987). Several studies, including prospective, 
randomized studies, did not find any benefits when treating asymptomatic bacteriuria in 
this patient population. Specifically, no decrease in symptomatic episodes (Boscia et al., 
1987, Nicolle et al., 1983, Nicolle et al., 1987) and no differences in morbidity and mortality 
were seen  (Abrutyn et al., 1994, Nicolle et al., 1983, Nicolle et al., 1987, Ouslander et al., 
1995). Noteworthy, residents treated for asymptomatic bacteriuria were reported to have an 
increased reinfection rate with resistant organisms and side effects from antibiotic treatment 
(Nicolle et al., 1987). Therefore, screening for or treatment of asymptomatic bacteriuria in 
elderly residents in the community and or institutionalized residents is not recommended 
(Nicolle, 2001, Pels et al., 1989). 
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3.4.3 Patients with chronic medical conditions 
Diabetes mellitus 
Several studies reported a  prevalence of bacteriuria in diabetic women of 7% to 13% 
(Brauner et al., 1993, Geerlings et al., 2000, Zhanel et al., 1995), which is approximately a 3-
fold higher prevalence than in non-diabetic women (Zhanel et al., 1991). Diabetic men do 
not show higher prevalence rates than non-diabetics (Zhanel et al., 1990, Zhanel et al., 1991). 
The reasons for the high prevalence in women are still not well understood. A main factor 
for asymptomatic bacteriuria might be the development of an autonomic neuropathy 
leading to impaired bladder voiding (Patterson &Andriole, 1997). The duration of diabetes 
mellitus and the presence of long-term diabetic complications such as nephropathy, 
retinopathy, peripheral vascular disease, and neuropathy were reported to be associated 
with asymptomatic bacteriuria  (Vejlsgaard, 1966, Zhanel et al., 1995). There is evidence, that 
symptomatic urinary infection may be potentially more severe in diabetic than non-diabetic 
patients (Patterson &Andriole, 1997). Both, the severity of symptomatic infection and the 
higher prevalence of bacteriuria in diabetic women has led to the assumption that treatment 
of asymptomatic bacteriuria in this patient population might be beneficial (Screening for 
asymptomatic bacteriuria, hematuria and proteinuria. The U.S. Preventive Services Task 
Force, 1990). Several studies, including long term and/or prospective do not suggest that 
asymptomatic bacteriuria is harmful in diabetic women (Geerlings et al., 2001, 
Semetkowska-Jurkiewicz et al., 1995). Moreover, treatment did not show any significant 
benefits in terms of improved glucose control or delayed development of long-term 
complications of diabetes mellitus (Geerlings et al., 2001, Semetkowska-Jurkiewicz et al., 
1995). Antimicrobial treatment of bacteriuria did not decrease the frequency or severity of 
symptomatic urinary infection.  However, greater antimicrobial exposure and a higher 
frequency of adverse drug effects with antimicrobial therapy and a high rate of recurrent 
asymptomatic bacteriuria were observed following therapy (Harding et al., 2002). In 
summary, screening for and treatment of asymptomatic bacteriuria in diabetic women with 
asymptomatic bacteriuria and normal renal tracts should not be recommended.  
Patients with spinal cord-injuries 
The neurologic bladder dysfunction is the key event in the development of asymptomatic 
bacteriuria in this patient population (Erickson et al., 1982, Sanderson &Weissler, 1990, 
Schlager et al., 1995, Sotolongo &Koleilat, 1990). The prevalence of asymptomatic bacteriuria 
remains high independently of the method of bladder emptying (see Table 6-need ref). The 
preservation of a low pressure urinary tract decreased morbidity and mortality secondary to 
urosepsis and renal failure dramatically in this patient population (Hackler et al., 1989). 
However, symptomatic urinary tract infections are still a significant issue (DeVivo et al., 
1985, Ditunno &Formal, 1994). Clinical studies, including prospective cohort studies and 
placebo-controlled trials show no decrease in symptomatic infection with antibiotic therapy 
for asymptomatic bacteriuria (Mohler et al., 1987) and no progression to renal failure with 
asymptomatic bacteriuria were observed, as long as a low urinary bladder pressure was 
maintained (Sotolongo &Koleilat, 1990). Therefore, screening for or treatment of 
asymptomatic bacteriuria in spinal cord injury populations is currently not recommended 
(Cardenas &Hooton, 1995, Ditunno &Formal, 1994). 
Kidney transplant patients 
Asymptomatic bacteriuria is a very common event after kidney transplantation, especially 
during the immediate post-transplantation period. Often the differentiation between 
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pregnancy if untreated, in contrast to only 1-3% of pregnant women who received 
antibiotics (Golan et al., 1989, Kasviki-Charvati et al., 1982). It is well documented that acute 
pyelonephritis in late pregnancy is associated with prematurity (Gilstrap et al., 1981, 
McGrady et al., 1985, Mittendorf et al., 1992). Asymptomatic bacteriuria in pregnancy has 
also been associated with low-birth-weight infants and the possibility of perinatal death 
(Platt, 1987, Romero et al., 1989, Schieve et al., 1994, Wadland &Plante, 1989). Treatment of 
bacteriuria in pregnancy resulted in a 90% risk reduction, and also decreases premature 
delivery (see Table 4) (Gratacos et al., 1994). Therefore, screening for and antibiotic 
treatment of asymptomatic bacteriuria in pregnant women are beneficial (Nicolle, 2003). 
Healthy young men 
Only limited data are reported on the association between asymptomatic bacteriuria and 
young men. According to the literature, it is uncommon in healthy young adult men 
(Lipsky, 1989). The reported prevalence ranges between 0% and 1.5% (Freedman, 1975, 
Wilson et al., 1986). No significant differences were reported for heterosexual and 
homosexual men (Wilson et al., 1986). One clinical study reporting 1.5% prevalence of 
asymptomatic bacteriuria in young men could show that after careful questioning, all 
bacteriuric men had lower urinary tract symptoms, including dysuria (Wilson et al., 1986). 
Taking into consideration the limited reported results, asymptomatic bacteriuria is not a 
relevant clinical issue in young healthy men, and therefore, screening for asymptomatic 
bacteriuria is not recommended. 

3.4.2 Elderly populations 
Community and institutionalized residents 
The prevalence of asymptomatic bacteriuria in the elderly populations is common and 
differs significantly between community residents and residents in long-term care facilities  
(Nicolle, 1997, 2003, 2006). The prevalence ranges between 6% to 50% in women, and 6% to 
34% in men for community residents and increases with age (Boscia et al., 1986, Kunin 
&McCormack, 1968). An even higher prevalence was reported for elderly institutionalized 
residents (25% to 50% in women, and 15% to 40% in men) (Nicolle, 1997, 2003, 2006). 
Decreased estrogen effect on the genitourinary mucosa, urinary incontinence, prior urologic 
events including genitourinary surgery, urologic abnormalities such as cystoceles, as well as 
recurrent symptomatic infection in elderly women contribute to asymptomatic bacteriuria 
(Raz et al., 2000). For men, prostatic hypertrophy with bladder outlet obstruction was 
reported to be the major predisposing factor for the development of asymptomatic 
bacteriuria. Also the use of an external condom catheter to manage incontinence in men 
increases its prevalence (Ouslander et al., 1987). Several studies, including prospective, 
randomized studies, did not find any benefits when treating asymptomatic bacteriuria in 
this patient population. Specifically, no decrease in symptomatic episodes (Boscia et al., 
1987, Nicolle et al., 1983, Nicolle et al., 1987) and no differences in morbidity and mortality 
were seen  (Abrutyn et al., 1994, Nicolle et al., 1983, Nicolle et al., 1987, Ouslander et al., 
1995). Noteworthy, residents treated for asymptomatic bacteriuria were reported to have an 
increased reinfection rate with resistant organisms and side effects from antibiotic treatment 
(Nicolle et al., 1987). Therefore, screening for or treatment of asymptomatic bacteriuria in 
elderly residents in the community and or institutionalized residents is not recommended 
(Nicolle, 2001, Pels et al., 1989). 
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3.4.3 Patients with chronic medical conditions 
Diabetes mellitus 
Several studies reported a  prevalence of bacteriuria in diabetic women of 7% to 13% 
(Brauner et al., 1993, Geerlings et al., 2000, Zhanel et al., 1995), which is approximately a 3-
fold higher prevalence than in non-diabetic women (Zhanel et al., 1991). Diabetic men do 
not show higher prevalence rates than non-diabetics (Zhanel et al., 1990, Zhanel et al., 1991). 
The reasons for the high prevalence in women are still not well understood. A main factor 
for asymptomatic bacteriuria might be the development of an autonomic neuropathy 
leading to impaired bladder voiding (Patterson &Andriole, 1997). The duration of diabetes 
mellitus and the presence of long-term diabetic complications such as nephropathy, 
retinopathy, peripheral vascular disease, and neuropathy were reported to be associated 
with asymptomatic bacteriuria  (Vejlsgaard, 1966, Zhanel et al., 1995). There is evidence, that 
symptomatic urinary infection may be potentially more severe in diabetic than non-diabetic 
patients (Patterson &Andriole, 1997). Both, the severity of symptomatic infection and the 
higher prevalence of bacteriuria in diabetic women has led to the assumption that treatment 
of asymptomatic bacteriuria in this patient population might be beneficial (Screening for 
asymptomatic bacteriuria, hematuria and proteinuria. The U.S. Preventive Services Task 
Force, 1990). Several studies, including long term and/or prospective do not suggest that 
asymptomatic bacteriuria is harmful in diabetic women (Geerlings et al., 2001, 
Semetkowska-Jurkiewicz et al., 1995). Moreover, treatment did not show any significant 
benefits in terms of improved glucose control or delayed development of long-term 
complications of diabetes mellitus (Geerlings et al., 2001, Semetkowska-Jurkiewicz et al., 
1995). Antimicrobial treatment of bacteriuria did not decrease the frequency or severity of 
symptomatic urinary infection.  However, greater antimicrobial exposure and a higher 
frequency of adverse drug effects with antimicrobial therapy and a high rate of recurrent 
asymptomatic bacteriuria were observed following therapy (Harding et al., 2002). In 
summary, screening for and treatment of asymptomatic bacteriuria in diabetic women with 
asymptomatic bacteriuria and normal renal tracts should not be recommended.  
Patients with spinal cord-injuries 
The neurologic bladder dysfunction is the key event in the development of asymptomatic 
bacteriuria in this patient population (Erickson et al., 1982, Sanderson &Weissler, 1990, 
Schlager et al., 1995, Sotolongo &Koleilat, 1990). The prevalence of asymptomatic bacteriuria 
remains high independently of the method of bladder emptying (see Table 6-need ref). The 
preservation of a low pressure urinary tract decreased morbidity and mortality secondary to 
urosepsis and renal failure dramatically in this patient population (Hackler et al., 1989). 
However, symptomatic urinary tract infections are still a significant issue (DeVivo et al., 
1985, Ditunno &Formal, 1994). Clinical studies, including prospective cohort studies and 
placebo-controlled trials show no decrease in symptomatic infection with antibiotic therapy 
for asymptomatic bacteriuria (Mohler et al., 1987) and no progression to renal failure with 
asymptomatic bacteriuria were observed, as long as a low urinary bladder pressure was 
maintained (Sotolongo &Koleilat, 1990). Therefore, screening for or treatment of 
asymptomatic bacteriuria in spinal cord injury populations is currently not recommended 
(Cardenas &Hooton, 1995, Ditunno &Formal, 1994). 
Kidney transplant patients 
Asymptomatic bacteriuria is a very common event after kidney transplantation, especially 
during the immediate post-transplantation period. Often the differentiation between 
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asymptomatic bacteriuria and infection is difficult because of the presence of 
immunosuppressive medications, which can suppress symptoms and signs of infections. 
Ramsey et al. diagnosed 65 bladder infections in 35 of 65 transplant recipients during 14.7 
months follow-up. In this study, 91% of the patients were asymptomatic and 57% of the 
infections occurred within 1 month, and approximately 80% by 6 months (Ramsey et al., 
1979). In another study by Prat et al., 185 of 299 kidney transplant patients had at least one 
episode of infection with 96% of the episodes asymptomatic (Prat et al., 1985). Patients with 
persistent infection and urologic complications often experienced sepsis and graft loss. 
However, graft survival was not associated with the presence or absence of bacteriuria in 
patients without urologic complications (Griffin &Salaman, 1979, Ramsey et al., 1979). The 
frequency of both asymptomatic and symptomatic urinary infection in renal graft recipients 
has declined due to improved early post-transplantation management including routine 
perioperative antibiotics, short-term urethral catheterization, and use of long-term 
prophylactic antibiotics to prevent all post-transplant infections (Fox et al., 1990, Hoy et al., 
1985). Fiorante et al. reported no differences in renal allograft prognosis between those who 
do not develop asymptomatic bacteriuria and those who do develop asymptomatic 
bacteriuria and are systematically treated. Systematic treatment of asymptomatic bacteriuria 
however, may reduce the incidence pyelonephritis (Fiorante et al.). Similar results were 
reported by others (Lyerova et al., 2001, Takai et al., 1998). Therefore, evidence to support 
screening recommendations in the post-transplant period is still deficient. According to the 
Immunocompromised Host Society Consensus Conference, periodic monitoring for urinary 
infection in post-transplant might beneficial, but a specific frequency of screening or clear 
recommendations for therapy if bacteriuria is identified were not given (Snydman, 2001).  
Other immunocompromised patients 
Other than kidney transplantation, no convincing data has been reported so far on the 
relationship between asymptomatic bacteriuria and organ transplantation, including bone 
marrow transplantation. For this reason, post-transplant screening and treatment for 
asymptomatic bacteriuria is highly controversial for this patient population (Guidelines for 
preventing opportunistic infections among hematopoietic stem cell transplant recipients, 
2000, Snydman, 2001). Chemotherapy-induced granulocytopenia during the treatment of a 
variety of malignancies possibly represents a risk factor for patients with asymptomatic 
bacteriuria to develop urinary tract infections (Gurwith et al., 1979). Another 
immunosuppressive condition with a higher prevalence of asymptomatic bacteriuria is the 
infection with HIV (Awolude et al., 2011). Several studies suggest a correlation between low 
CD4+ counts and the presence of asymptomatic bacteriuria (Awolude et al., 2011, De Pinho 
et al., 1994, Hoepelman et al., 1992). No articles were identified addressing the use of 
antibiotic treatment for this patient population. The reason for the higher prevalence of 
asymptomatic bacteriuria and low CD4 counts is not well understood. Based on the lack of 
data in this clinical setting, routine screening and treatment of patients with  HIV and 
asymptomatic bacteriuria cannot be recommended. 

3.4.4 Patients with urological or gynaecological devices  
Catheterized patients 
Clear differences were reported in the literature on the relationship of asymptomatic 
bacteriuria and short-and long term transurethral bladder catheterization. No reports for 
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suprapubic tubes were found in the peer-reviewed literature. The prevalence of 
asymptomatic bacteriuria correlates with several influencing factors, including the type and 
duration of bladder catheterization, qualification of the health-care personnel and the 
catheter system and care (MacFarlane, 1984).   
Patients with temporary transurethral or suprapubic indwelling catheters 
Single bladder catheterization is associated with less than 1% risk of developing 
asymptomatic bacteriuria for patients in an ambulatory setting (Garibaldi et al., 1974). The 
development of asymptomatic bacteriuria even after placement of short-term transurethral 
catheters is significant. Short term is defined as less than 30 days of bladder catheterization. 
The prevalence of asymptomatic bacteriuria increases on a daily basis by 2%-7% (Tambyah 
&Maki, 2000). A prevalence of nearly 100% was reported for elderly patients with an 
indwelling transurethral catheter and an open urine collecting bag system (Uehling et al., 
1985), and 20% for patients with a closed urine collection system (MacFarlane, 1984). Early 
clinical studies could not demonstrate any benefits when treating patients with short-term 
indwelling catheters with antibiotics and asymptomatic bacteriuria (Butler &Kunin, 1968). A 
common dilemma is that approximately 80% of all patients with transurethral catheters are 
treated with antibiotics for other reasons, therefore it is difficult to define the significance of 
asymptomatic bacteriuria for this patient population (Johnson et al., 1990, Riley et al., 1995). 
It is noteworthy that the development of asymptomatic bacteriuria in patients with a 
permanent catheter is practically inevitable. According to Nicolle (Nicolle, 2003) screening 
and treatment of bacteriuria for patients with short-term indwelling catheters is 
recommended only for patients with certain risk factors, such as a pregnant woman or those 
undergoing an invasive urologic procedure. 
Patients with permanant transurethral or suprapubic indwelling catheters 
Long term or chronic indwelling catheters are defined as more than 30 days of bladder 
catheterization. For this patient population bacteriuria is universal. The main reason for the 
development of bacteriuria under these circumstances is the presence of a biofilm, a material 
composed of bacteria and extracellular bacterial substances in combination with certain 
urinary components including Tamm-Horsfall protein, magnesium, and calcium (Donlan 
&Costerton, 2002). Several studies suggest that patients with a chronic indwelling catheter 
have a higher morbidity from symptomatic urinary infection compared to patients without 
a catheter (Orr et al., 1996, Warren et al., 1987). Therefore, several prospective randomized 
studies were conducted to define the role of antibiotic treatment for this clinical scenario. 
Antibiotic treatment did not reduce the frequency of fever in treated patients compared to 
untreated patients with asymptomatic bacteriuria. A higher percentage of resistant 
organisms were encountered in the treatment group after antibiotic treatment and that 
antibiotic treatment rarely eliminated the bacteriuria (Alling et al., 1975, Warren et al., 1982). 
Therefore, patients with long-term indwelling catheters should not be screened and treated 
with antibiotic therapy for asymptomatic bacteriuria. None of the published studies could 
demonstrate any benefits of antibiotic treatment, but did demonstrate potential harm for the 
patient. However, antibiotic treatment might be considered for patients at high risk for 
certain complications, for instance infection of prosthetic devices (Raz, 2003). 
Other indwelling devices 
The mainstay in the treatment of ureteral obstruction is the use of ureteral stents. Similar to 
transurethral catheters, these devices are subject to biofilm development and asymptomatic 
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asymptomatic bacteriuria and infection is difficult because of the presence of 
immunosuppressive medications, which can suppress symptoms and signs of infections. 
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bacteriuria to develop urinary tract infections (Gurwith et al., 1979). Another 
immunosuppressive condition with a higher prevalence of asymptomatic bacteriuria is the 
infection with HIV (Awolude et al., 2011). Several studies suggest a correlation between low 
CD4+ counts and the presence of asymptomatic bacteriuria (Awolude et al., 2011, De Pinho 
et al., 1994, Hoepelman et al., 1992). No articles were identified addressing the use of 
antibiotic treatment for this patient population. The reason for the higher prevalence of 
asymptomatic bacteriuria and low CD4 counts is not well understood. Based on the lack of 
data in this clinical setting, routine screening and treatment of patients with  HIV and 
asymptomatic bacteriuria cannot be recommended. 
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suprapubic tubes were found in the peer-reviewed literature. The prevalence of 
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duration of bladder catheterization, qualification of the health-care personnel and the 
catheter system and care (MacFarlane, 1984).   
Patients with temporary transurethral or suprapubic indwelling catheters 
Single bladder catheterization is associated with less than 1% risk of developing 
asymptomatic bacteriuria for patients in an ambulatory setting (Garibaldi et al., 1974). The 
development of asymptomatic bacteriuria even after placement of short-term transurethral 
catheters is significant. Short term is defined as less than 30 days of bladder catheterization. 
The prevalence of asymptomatic bacteriuria increases on a daily basis by 2%-7% (Tambyah 
&Maki, 2000). A prevalence of nearly 100% was reported for elderly patients with an 
indwelling transurethral catheter and an open urine collecting bag system (Uehling et al., 
1985), and 20% for patients with a closed urine collection system (MacFarlane, 1984). Early 
clinical studies could not demonstrate any benefits when treating patients with short-term 
indwelling catheters with antibiotics and asymptomatic bacteriuria (Butler &Kunin, 1968). A 
common dilemma is that approximately 80% of all patients with transurethral catheters are 
treated with antibiotics for other reasons, therefore it is difficult to define the significance of 
asymptomatic bacteriuria for this patient population (Johnson et al., 1990, Riley et al., 1995). 
It is noteworthy that the development of asymptomatic bacteriuria in patients with a 
permanent catheter is practically inevitable. According to Nicolle (Nicolle, 2003) screening 
and treatment of bacteriuria for patients with short-term indwelling catheters is 
recommended only for patients with certain risk factors, such as a pregnant woman or those 
undergoing an invasive urologic procedure. 
Patients with permanant transurethral or suprapubic indwelling catheters 
Long term or chronic indwelling catheters are defined as more than 30 days of bladder 
catheterization. For this patient population bacteriuria is universal. The main reason for the 
development of bacteriuria under these circumstances is the presence of a biofilm, a material 
composed of bacteria and extracellular bacterial substances in combination with certain 
urinary components including Tamm-Horsfall protein, magnesium, and calcium (Donlan 
&Costerton, 2002). Several studies suggest that patients with a chronic indwelling catheter 
have a higher morbidity from symptomatic urinary infection compared to patients without 
a catheter (Orr et al., 1996, Warren et al., 1987). Therefore, several prospective randomized 
studies were conducted to define the role of antibiotic treatment for this clinical scenario. 
Antibiotic treatment did not reduce the frequency of fever in treated patients compared to 
untreated patients with asymptomatic bacteriuria. A higher percentage of resistant 
organisms were encountered in the treatment group after antibiotic treatment and that 
antibiotic treatment rarely eliminated the bacteriuria (Alling et al., 1975, Warren et al., 1982). 
Therefore, patients with long-term indwelling catheters should not be screened and treated 
with antibiotic therapy for asymptomatic bacteriuria. None of the published studies could 
demonstrate any benefits of antibiotic treatment, but did demonstrate potential harm for the 
patient. However, antibiotic treatment might be considered for patients at high risk for 
certain complications, for instance infection of prosthetic devices (Raz, 2003). 
Other indwelling devices 
The mainstay in the treatment of ureteral obstruction is the use of ureteral stents. Similar to 
transurethral catheters, these devices are subject to biofilm development and asymptomatic 
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bacteriuria (Riedl et al., 1999). Often it is difficult to differentiate between asymptomatic 
bacteriuria and bladder infection, as patients frequently report dysuria, frequency and 
urgency as a reaction to the indwelling ureteral stent. Studies have shown that prophylactic 
antibiotic treatment did not reduce bacterial colonization or prevent stent obstruction (Riedl 
et al., 1999). The evidence for screening and treatment in this setting is sparse and therefore 
not recommended. Fallahian et al. describe the use of intrauterine devices as a risk factor for 
urinary tract infections. For patients with asymptomatic bacteriuria, an intrauterine device 
therefore might not be the method of choice, and other contraceptive methods should be 
preferred (Fallahian et al., 2005).  

3.4.5 Patients undergoing surgical intervention 
Urological surgery 
Patients with asymptomatic bacteriuria undergoing any surgical procedures or 
manipulations of the genitourinary tract are nearly uniformly at risk to develop 
complications. Surgery or trauma causes mucosal injuries allowing bacteria to penetrate the 
tissue causing local infection, or to invade the blood circulation resulting in bacteremia 
and/or sepsis. If left untreated, asymptomatic bacteriuria prior to the surgery resulted in 
bacteremia in 25%-80% of the patients (Olson &Cookson, 2000). Other authors could 
demonstrate that antibiotic treatment prior to the surgery can prevent bacteremia and sepsis 
(Grabe, 2001, Olson &Cookson, 2000). Olson et al. recommend antibiotic treatment only 
immediately before the procedure, since earlier initiation can result in reinfection with 
resistant bacterial strains (Olson &Cookson, 2000). Grabe suggests treatment of 
asymptomatic bacteriuria before urodynamic studies, ureteral stent placements, 
ureteroscopic procedures and transurethral resection of the prostate (Grabe, 2001). 
However, no general consensus exists for which urologic intervention requires preoperative 
treatment of asymptomatic bacteriuria (Grabe, 2001). 
Ileal Conduit and Orthotopic Neobladder 
The treatment of asymptomatic bacteriuria in patients with ileal conduit and orthotopic 
neobladder is controversial (Zhanel et al., 1990). Guinan et al. described the bacterial milieu 
in patients with ileal conduit (Guinan et al., 1972). The terminal ileum is in nearly 100% of 
the patients sterile. After creation of an ileal conduit the mucosa is rapidly colonized. The 
most common organisms are Proteus, Pseudomonas and E. coli. Aggressive treatment is 
recommended for patients with pyelonephritis or systemic signs of illness (Guinan et al., 
1972).  
Other surgical interventions 
A small number of studies have evaluated the risk of deep joint infection after joint 
replacement surgery associated with the preoperative presence of asymptomatic bacteriuria. 
A retrospective analysis of 277 patients undergoing 364 total joint replacements showed that 
35 patients had evidence of preoperative or perioperative asymptomatic bacteriuria. Joint 
infections were observed in 3 patients (1.1%) 9, 19, and 45 months. None of the joint 
infections were related to perioperative asymptomatic bacteriuria (Ritter &Fechtman, 1987). 
Glynn and Sheehan reported in a retrospective analysis that 55 of 299 patients admitted for 
hip or knee arthroplasty had asymptomatic bacteriuria  and 2 patients were symptomatic 
upon admission (Glynn &Sheehan, 1984). Routine perioperative antibiotic treatment 
initiated pre or postoperatively was sufficient to prevent infection of the implant. Deep joint 
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infection was not seen in any patients at 3-month follow-up, prompting the authors to 
conclude that asymptomatic bacteriuria is common and should not be a cause for 
postponement of surgery and that treatment with antibiotics can be implemented at any 
time perioperatively. In conclusion, asymptomatic bacteriuria may be a reservoir for 
bacterial contamination of the wound, or may identify a patient at increased risk of infection 
at any site, including implants, without having a causal relationship (Nelson et al., 1983). 
Present guidelines recommend to identify and treat any infection remote to the surgical site 
before an elective operation. It is only an assumption that this recommendation also 
includes asymptomatic bacteriuria (Mangram et al., 1999). However, screening and 
treatment of asymptomatic bacteriuria before any surgical procedures other certain 
urological procedures is currently not recommended. Coincidentally, the perioperative 
antibiotic prophylaxis given for most procedures is sufficient to suppress or eradicate 
asymptomatic bacteriuria and prevent symptomatic infections in the vast majority of cases.   

4. Discussion 
Asymptomatic bacteriuria is a common clinical finding in several different patient 
populations. A higher prevalence exists in patients with morphological or functional defects 
of the genitourinary tract and with indwelling urological devices.  However, healthy 
individuals may also have asymptomatic bacteriuria. The central question for physicians 
and health care professionals is whether or not to treat asymptomatic bacteriuria. 
Continuous improvement has been made over the last few decades in documenting the 
epidemiology of asymptomatic bacteriuria. Patient populations with a high prevalence are 
well described. However, the natural history and guidelines for management are still 
controversial. Sufficient evidence exists to recommend screening and treatment for some 
patient populations with a high prevalence of asymptomatic bacteriuria, while for other 
populations no such recommendations exist.  
 

Screening and treatment proven to be beneficial 
Pregnancy 
Prior to traumatic genitourinary procedures 
Screening and treatment may beneficial 
Renal transplant recipient, first 6 months post-transplant 
Immunocompromised patients (e.g. malignancy-chemotherapy) 
Infected kidney stones 
Vesicoureteral reflux in young children 
Women with persistent catheter-acquired bacteriuria after catheter removal 

Table 1. Potential benefits of screening and treatment for asymptomatic bacteriuria. 

This dilemma is based on the lack of good evidence from clinical trials investigating direct 
management strategies. Antibiotic treatment is only recommended if it has been shown to 
improve patient outcome.  
Sufficient evidence exists to screen and treat asymptomatic bacteriuria in pregnant women 
and patients undergoing traumatic urological interventions (table 1). Young children with 
vesicoureteral reflux, renal transplant recipients, transplant recipients during the first 6 months 
post-transplant, immunocompromised patients (e.g. malignancy-chemotherapy), and women with 
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bacteriuria (Riedl et al., 1999). Often it is difficult to differentiate between asymptomatic 
bacteriuria and bladder infection, as patients frequently report dysuria, frequency and 
urgency as a reaction to the indwelling ureteral stent. Studies have shown that prophylactic 
antibiotic treatment did not reduce bacterial colonization or prevent stent obstruction (Riedl 
et al., 1999). The evidence for screening and treatment in this setting is sparse and therefore 
not recommended. Fallahian et al. describe the use of intrauterine devices as a risk factor for 
urinary tract infections. For patients with asymptomatic bacteriuria, an intrauterine device 
therefore might not be the method of choice, and other contraceptive methods should be 
preferred (Fallahian et al., 2005).  

3.4.5 Patients undergoing surgical intervention 
Urological surgery 
Patients with asymptomatic bacteriuria undergoing any surgical procedures or 
manipulations of the genitourinary tract are nearly uniformly at risk to develop 
complications. Surgery or trauma causes mucosal injuries allowing bacteria to penetrate the 
tissue causing local infection, or to invade the blood circulation resulting in bacteremia 
and/or sepsis. If left untreated, asymptomatic bacteriuria prior to the surgery resulted in 
bacteremia in 25%-80% of the patients (Olson &Cookson, 2000). Other authors could 
demonstrate that antibiotic treatment prior to the surgery can prevent bacteremia and sepsis 
(Grabe, 2001, Olson &Cookson, 2000). Olson et al. recommend antibiotic treatment only 
immediately before the procedure, since earlier initiation can result in reinfection with 
resistant bacterial strains (Olson &Cookson, 2000). Grabe suggests treatment of 
asymptomatic bacteriuria before urodynamic studies, ureteral stent placements, 
ureteroscopic procedures and transurethral resection of the prostate (Grabe, 2001). 
However, no general consensus exists for which urologic intervention requires preoperative 
treatment of asymptomatic bacteriuria (Grabe, 2001). 
Ileal Conduit and Orthotopic Neobladder 
The treatment of asymptomatic bacteriuria in patients with ileal conduit and orthotopic 
neobladder is controversial (Zhanel et al., 1990). Guinan et al. described the bacterial milieu 
in patients with ileal conduit (Guinan et al., 1972). The terminal ileum is in nearly 100% of 
the patients sterile. After creation of an ileal conduit the mucosa is rapidly colonized. The 
most common organisms are Proteus, Pseudomonas and E. coli. Aggressive treatment is 
recommended for patients with pyelonephritis or systemic signs of illness (Guinan et al., 
1972).  
Other surgical interventions 
A small number of studies have evaluated the risk of deep joint infection after joint 
replacement surgery associated with the preoperative presence of asymptomatic bacteriuria. 
A retrospective analysis of 277 patients undergoing 364 total joint replacements showed that 
35 patients had evidence of preoperative or perioperative asymptomatic bacteriuria. Joint 
infections were observed in 3 patients (1.1%) 9, 19, and 45 months. None of the joint 
infections were related to perioperative asymptomatic bacteriuria (Ritter &Fechtman, 1987). 
Glynn and Sheehan reported in a retrospective analysis that 55 of 299 patients admitted for 
hip or knee arthroplasty had asymptomatic bacteriuria  and 2 patients were symptomatic 
upon admission (Glynn &Sheehan, 1984). Routine perioperative antibiotic treatment 
initiated pre or postoperatively was sufficient to prevent infection of the implant. Deep joint 
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infection was not seen in any patients at 3-month follow-up, prompting the authors to 
conclude that asymptomatic bacteriuria is common and should not be a cause for 
postponement of surgery and that treatment with antibiotics can be implemented at any 
time perioperatively. In conclusion, asymptomatic bacteriuria may be a reservoir for 
bacterial contamination of the wound, or may identify a patient at increased risk of infection 
at any site, including implants, without having a causal relationship (Nelson et al., 1983). 
Present guidelines recommend to identify and treat any infection remote to the surgical site 
before an elective operation. It is only an assumption that this recommendation also 
includes asymptomatic bacteriuria (Mangram et al., 1999). However, screening and 
treatment of asymptomatic bacteriuria before any surgical procedures other certain 
urological procedures is currently not recommended. Coincidentally, the perioperative 
antibiotic prophylaxis given for most procedures is sufficient to suppress or eradicate 
asymptomatic bacteriuria and prevent symptomatic infections in the vast majority of cases.   

4. Discussion 
Asymptomatic bacteriuria is a common clinical finding in several different patient 
populations. A higher prevalence exists in patients with morphological or functional defects 
of the genitourinary tract and with indwelling urological devices.  However, healthy 
individuals may also have asymptomatic bacteriuria. The central question for physicians 
and health care professionals is whether or not to treat asymptomatic bacteriuria. 
Continuous improvement has been made over the last few decades in documenting the 
epidemiology of asymptomatic bacteriuria. Patient populations with a high prevalence are 
well described. However, the natural history and guidelines for management are still 
controversial. Sufficient evidence exists to recommend screening and treatment for some 
patient populations with a high prevalence of asymptomatic bacteriuria, while for other 
populations no such recommendations exist.  
 

Screening and treatment proven to be beneficial 
Pregnancy 
Prior to traumatic genitourinary procedures 
Screening and treatment may beneficial 
Renal transplant recipient, first 6 months post-transplant 
Immunocompromised patients (e.g. malignancy-chemotherapy) 
Infected kidney stones 
Vesicoureteral reflux in young children 
Women with persistent catheter-acquired bacteriuria after catheter removal 

Table 1. Potential benefits of screening and treatment for asymptomatic bacteriuria. 

This dilemma is based on the lack of good evidence from clinical trials investigating direct 
management strategies. Antibiotic treatment is only recommended if it has been shown to 
improve patient outcome.  
Sufficient evidence exists to screen and treat asymptomatic bacteriuria in pregnant women 
and patients undergoing traumatic urological interventions (table 1). Young children with 
vesicoureteral reflux, renal transplant recipients, transplant recipients during the first 6 months 
post-transplant, immunocompromised patients (e.g. malignancy-chemotherapy), and women with 
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persistent catheter-acquired bacteriuria after catheter removal might benefit from screening and 
treatment. However, the evidence is not strong enough to recommend it (table 1).  
Screening for asymptomatic bacteruria is highly controversial in the patient populations 
listed in table 2. Treating asymptomatic bacteriuria in these patient populations has not been 
found to improve outcomes. In fact, antibiotic treatment in these patient populations may be 
associated with significant adverse effects. Possible side effects reported in the literature 
include the development of symptomatic infections, re-infection with organisms of 
increased antimicrobial resistance, and side effects directly related to the antibiotics (Nicolle, 
2003). Overtreatment of asymptomatic bacteriuria is a substantial quality, safety, and cost 
issue. 
 

Screening and treatment controversial or not beneficial 
Healthy infants 
Healthy women or men 
Elderly men and women in the community or in long-term care facilities 
Women with diabetes 
Patients with HIV infection 
Patients with short-term and /or chronic-indwelling indwelling urethral 
catheters*  
Patients using intermittent catheterization 
Patients with neurologic impairment of bladder emptying 
Patients with chronic urologic or gynecological devices 

* not recommended for patient care; may be appropriate to screen for bacteriuria for nosocomial 
infection surveillance or outbreak control. 

Table 2. No proven benefits of screening and treatment for asymptomatic bacteriuria. 

Therefore, it is crucial to treat patients with asymptomatic bacteriuria only if there is 
evidence of potential benefits. Urine cultures are commonly ordered as part of a routine 
work-up in hospitalized patients, despite lower urinary tract symptoms. More importantly, 
patients with asymptomatic bacteriuria are frequently treated under these circumstances, 
accounting for a substantial burden of inappropriate antibiotic use in hospitals (Silver et al., 
2009).  Similar findings have been reported for patients in long-term care facilities for the 
elderly (Walker et al., 2000). Many research questions, however, still remain to be addressed 
in future clinical trials. The potential benefits of treatment need to be weighed against no 
treatment in order to maximize patient safety.  
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persistent catheter-acquired bacteriuria after catheter removal might benefit from screening and 
treatment. However, the evidence is not strong enough to recommend it (table 1).  
Screening for asymptomatic bacteruria is highly controversial in the patient populations 
listed in table 2. Treating asymptomatic bacteriuria in these patient populations has not been 
found to improve outcomes. In fact, antibiotic treatment in these patient populations may be 
associated with significant adverse effects. Possible side effects reported in the literature 
include the development of symptomatic infections, re-infection with organisms of 
increased antimicrobial resistance, and side effects directly related to the antibiotics (Nicolle, 
2003). Overtreatment of asymptomatic bacteriuria is a substantial quality, safety, and cost 
issue. 
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Patients with neurologic impairment of bladder emptying 
Patients with chronic urologic or gynecological devices 

* not recommended for patient care; may be appropriate to screen for bacteriuria for nosocomial 
infection surveillance or outbreak control. 

Table 2. No proven benefits of screening and treatment for asymptomatic bacteriuria. 

Therefore, it is crucial to treat patients with asymptomatic bacteriuria only if there is 
evidence of potential benefits. Urine cultures are commonly ordered as part of a routine 
work-up in hospitalized patients, despite lower urinary tract symptoms. More importantly, 
patients with asymptomatic bacteriuria are frequently treated under these circumstances, 
accounting for a substantial burden of inappropriate antibiotic use in hospitals (Silver et al., 
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treatment in order to maximize patient safety.  
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1. Introduction 
Urinary tract infections (UTIs) are one of the most common medical complications of 
pregnancy (Mittal & Wing, 2005). It is estimated that one in three women of childbearing 
age will have a UTI (Duarte et al., 2008). Because of the normal physiologic changes induced 
by gestation, pregnant women are especially susceptible to these infections.  
UTIs are characterized by the presence of infectious agents in the genito-urinary tract that 
cannot be explained by contamination. These agents have the potential to invade the 
tissues of the urinary tract and adjacent structures. The microbiological profile is well 
known and pathogens such as Escherichia coli have been present in the vast majority of 
cases (Sheffield & Cunningham, 2005). The infection may be limited to the growth of 
bacteria in the urine (which frequently don’t produce symptoms) or it can result in several 
syndromes associated with an inflammatory response to the bacterial invasion. Actually, 
the term UTI represent a wide variety of conditions, including asymptomatic forms of 
UTIs, urethritis, cystitis, acute pyelonephritis and pyelonephritis with bacteremia or 
sepsis (Joseph DiPiro et al.,  2011). 
There are several classification methods for these infections. In this chapter, we will refer to 
UTIs as follows: 
 Asymptomatic bacteriuria is defined as the presence of more than 108 colonies/L of 

urine, without the symptoms of an acute UTI (Schnarr & Smaill, 2008); 
 lower tract infection and upper tract infections, according to the anatomical site of 

contamination (Joseph DiPiro et al.,  2011) ; 
 Lower UTIs: The anatomical site of the infection can be the bladder (cystitis) and/or the 

urethra (urethritis) (Joseph DiPiro et al., 2011);   
 Upper UTIs: The kidneys are the anatomical site of the infection (pyelonephritis 

associated with inflammation of the renal parenchyma, calices and pelvis) 
(Wagenlehner et al., 2009); 

 Uncomplicated UTIs: infections occurring in individuals who lack structural or 
functional abnormalities of the urinary tract that interfere with the normal flow of urine 
or voiding mechanism (Joseph DiPiro et al., 2011); 

 Complicated urinary tract infections: infections occurring in individuals with 
predisposing lesions of the urinary tract that interferes with the normal flow of urine 
and urinary tract defences. Common causes of predisposing lesions are birth defects, 
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kidney stones, catheters, or obstruction (Masson et al., 2009). An UTI during pregnancy 
is considered complicated. 

During gestation, untreated UTIs can lead to several pregnancy complications, such as 
low birth weight infants, premature delivery, and occasionally, stillbirth. Prompt and 
efficacious treatment of symptomatic UTIs is warranted in pregnant women. 
Nevertheless, there is still some controversy regarding the screening and treatment of 
asymptomatic forms during gestation (Lin and Brown 2010; Lumbiganon et al., 2010; 
Schmiemann et al., 2010). 
Given the prevalence and the potential impacts of UTIs on the health of the mother and her 
child, the objective of this chapter is to cover the most important clinical aspects of the 
epidemiology, etiology, physiopathology, pregnancy outcomes, and the treatment risks and 
benefits associated with UTIs during pregnancy. 

2. Epidemiology 
It is estimated that 2 to 10% of pregnant woman suffer from any form of UTIs (Lee et al., 
2008). These infections complicate up to 20% of pregnancies and are responsible for the 
majority of antepartum admissions to the maternal–fetal medicine units (Sheffield & 
Cunningham, 2005).  
The prevalence of asymptomatic forms of UTIs has remained constant across countries, and 
most of the recent observational studies report similar rates, ranging from 2 to 10% - similar 
to that of nonpregnant women (Duarte et al., 2008; Bahadi et al., 2010). Acute cystitis is 
prevalent in 1 to 4% of pregnant women (Wagenlehner et al., 2009).  
Despite the relatively low prevalence of pyelonephritis during pregnancy (0.5 to 2%), it is 
estimated that 20% to 40% of pregnant women with asymptomatic bacteriuria will develop 
this condition later in gestation (Jolley & Wing, 2010).  A study showed that if UTI is left 
untreated, 30% of mothers will develop acute pyelonephritis compared with 1.8% of non-
bacteriuric controls2. Many studies have reported that pyelonephritis is more common 
during the second half of pregnancy, with an incidence peak during the last two trimesters 
of pregnancy (Gilstrap et al., 1981; Hill et al., 2005; Sharma & Thapa, 2007). Acute 
pyelonephritis may lead to adverse outcomes for the baby and the mother, such as 
premature delivery, low birth weight infants, preeclampsia, hypertension, renal failure and 
fetal death (Hill et al., 2005). 
The prevalence of UTI in pregnancy is closely related to socioeconomic factors (Turck et al., 
1962). Predictors of UTIs’ asymptomatic forms include: welfare status, increasing maternal 
age, multiparity, risky sexual behavior, history of childhood UTIs and history of recurrent 
UTIs. It has been reported that indigent women have a five-fold greater incidence of 
bacteriuria than non-indigent populations (Turck et al., 1962; Golan et al., 1989). The 
prevalence is also markedly increased if women present certain pre-existing medical 
conditions, such as diabetes mellitus, sickle cell disease, immuno-deficiency states, urinary 
tract anatomic anomalies, spinal cord injuries and psychiatric illnesses (Ovalle et al., 1989). 
Nevertheless, there is some controversy on the effects of these host factors as predictors of 
UTIs (Fatima & Ishrat, 2006). UTI before pregnancy is a predictor for the diagnosis of 
asymptomatic bacteriuria at the first prenatal visit (Tugrul et al., 2005). Risk factors for 
developing cystitis and pyelonephritis in pregnancy include those stated before, as well as a 
history of Clamidia trachomatis infection, illicit drug use, and having less than 12 years of 
education (Verani et al., 2010). 
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It was suggested that UTIs screening and testing algorithms should be designed, 
incorporating identified risk factors in order to lower overall costs and to improve maternal 
and infant outcomes (Chng & Hall, 1982; Pastore et al., 1999). To date, no such algorithm has 
been prospectively evaluated (Schnarr & Smaill, 2008). 

3. Etiology and physiopathology 
3.1 Microbiology 
In normal physiological circumstances, the genito-urinary tract is sterile. The 
microorganisms causing UTIs usually originate from the gastro-intestinal flora of the host. 
For example, during pregnancy bacteriuria can occur when bacteria from a fecal source 
gains access to the bladder by ascending the relatively short female urethra (Patterson & 
Andriole, 1997). Patogens causing bacteriuria are similar in both pregnant and nonpregnant 
women (Schnarr & Smaill, 2008). Although virtually every organism can be associated with 
UTIs, certain organisms predominate as a result of specific virulence and host susceptibility 
factors (Joseph DiPiro et al., 2011).  
The most common agent implicated in uncomplicated UTIs is Escherichia coli, which 
accounts for 85% of non-hospital setting infections (Harris & Gilstrap, 1981; Millar & Cox, 
1997; Sharma & Thapa, 2007). Other microorganisms such as Staphylococcus saprophyticus 
(5% to 15% of cases) (Mittal & Wing, 2005), Gardnerella vaginalis, Chlamydia trachomatis, 
Klebsiella pneumoniae, Proteus spp., Pseudomonas aeruginosa, Enterococcus spp. (5% to 10%), 
Ureaplasma urealyticum and lactobacilli have also been associated with UTIs. Although the 
clinical significance of these organisms on UTIs during pregnancy was not yet appreciated, a 
few small studies have reported improved outcomes following therapy against these agents 
(Gilbert et al., 1986; Cohen et al., 1990). The consensus is that during gestation, most UTIs 
are caused by a single organism. Nevertheless, organisms isolated from pregnant women 
with complicated UTIs are more varied and generally are more resistant to treatment than 
those found in uncomplicated infections. Anaerobic and other fastidious microorganisms 
have been identified in the urine of a large percentage of pregnant women, but the role 
played by these organisms on adverse perinatal outcomes is unknown (Gilbert et al., 1986). 
There is evidence that some bacterial strains can replicate inside the cells, explaining the 
difficulties in treating some cases, given that these strains are protected from the action of 
anti-infective drugs (Rosen et al., 2007). At present, there is no evidence showing advantages 
in routinely examining the urine for these uncommon organisms. 

3.2 Physiopathology 
For many years, pregnancy was seen as a period that naturally predisposes to all forms of 
UTIs. This was explained by the fact that genito-urinary anatomical and physiological 
changes induced by gestation predispose women with asymptomatic bacteriuria to develop 
symptomatic UTIs, leading to the impression that the number of UTIs was higher during 
this period of life (Nowicki, 2002). Nowadays, it is known that gestation itself is not the only 
responsible for the increased risk of UTIs. Throughout pregnancy, UTIs often persist, owing 
to re-infection (Foxman & Brown, 2003). 
During gestation the urethra is colonized by bacteria originated from the gastro-intestinal 
and perineal flora (Naveen & Mathai, 2005). Other factors that can predispose urethral 
colonization include the use of some methods of contraception before pregnancy, such as 
spermicides and diaphragms (Fihn, 2003; Foxman & Brown, 2003). Although there is 
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evidence that bladder infections follow colonization of the urethra, the mode of ascent of the 
microorganisms is not completely elucidated. After reaching the bladder, the organisms 
quickly multiply and can ascend the ureters to the kidneys. This sequence of events is more 
likely to occur if reflux of urine into the ureters and kidneys is present.  
Bacterial colonization is facilitated as early as the renal pelvis and ureters begin to dilate 
(eighth week of gestation), and the bladder is displaced superiorly and anteriorly inside the 
intra-abdominal cavity (Jeyabalan & Lain, 2007). Mechanical compression caused by the 
enlarging uterus is the principle cause of this dilatation, but smooth muscle relaxation 
induced by progesterone may also play a role. The main consequences of these changes are 
the decrease in peristalsis of the ureters, followed by an increase in bladder capacity and 
urinary stasis. It is known that the decreased renal capacity to concentrate urine during 
pregnancy reduces the antibacterial activity of this fluid, leading it to excrete smaller 
amounts of potassium and higher amounts of glucose, amino acids and hormone 
degradation products. These biochemical alterations turn the urine into an alkaline solution, 
thus providing a suitable environment for bacterial growth (Dafnis & Sabatini, 1992). 
Additionally, the increase in the estrogen induced by gestation, contribute to the adhesion of 
certain E. coli strains to the type 1 uroepithelial cells (Roos et al., 2006).  
Host protective factors such as the low glucose concentration of the urine, stability of the 
vaginal lactobacilli population, the influence of estrogens, the activity of Tamm-Horsfall 
protein, the presence of urinary mucus or slime (called glycosaminoglycan) and the 
immunologic defense mechanisms, makes the normal urinary tract generally resistant to 
invasion and efficient in rapidly eliminating microorganisms that reach the bladder (Parsons 
et al., 1978; Joseph DiPiro et al., 2011).  
Specific subsets of E. coli clones identified with O, K and H antigens were shown to have 
increased propensity to cause UTIs (Kaper, 2005; Naveen & Mathai, 2005). An important 
virulence factor of bacteria is their ability to adhere to urinary epithelial cells, resulting in 
colonization of the urinary tract, bladder infections, and pyelonephritis. Uropathogenic E. 
coli have such virulence factors, known as fimbrias or pilli. These are adherence proteins 
(adhesins) expressed on the bacterial wall surface that promote binding to the epithelium of 
the vagina and urethra, thus increasing E. coli ability to cause UTIs (Sandberg et al., 1988). 
Adhesins include type 1, S and P fimbriae, and adhesins like Dr (Kaper, 2005). This property 
was recognized decades ago, and it is what differentiates uropathogenic E. coli from the 
gastro-intestinal commensal forms (Eden et al., 1976).  
The type 1 fimbriae are prevalent and are probably involved in colonization of lower 
urinary tract (Naveen & Mathai, 2005). The role of P fimbriae in upper UTI is well 
documented (Wullt et al., 2002). These are present in 20% of faecal E. coli, 60% of cystitis 
causing, and 80% of E. coli isolated in pyelonehritis (Kaper, 2005). Attachment of P fimbriae 
to urinary tract epithelium is also associated with increased host inflammatory response 
(Wullt et al., 2002). Other factors that increase E. coli virulence include production of 
haemolysin, serum resistance and release of aerobactin (Wullt et al., 2002). Haemolysin 
provides E. coli a possible selective advantage by releasing iron from lysed erythrocytes and 
thus, enhancing pathogenicity by destroying phagocytic and epithelial cells (Naveen & 
Mathai, 2005). 
Animal models and human data suggest that E. coli can remain hidden in large bacterial 
reservoirs within the host and can be reactivated to cause infection in the future, when there 
is some local decrease in the normal activity of the host defense factors (Mulvey et al., 2001; 
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Epp et al., 2010). Midstream urine samples from women with acute uncomplicated cystitis 
also showed evidence of intracellular bacterial communities of uropathogenic E. coli (Rosen 
et al., 2007). These communities are relatively protected from host immune response 
mechanisms and antibiotic therapy. They may be reactivated, causing recurrent UTI (Rosen 
et al., 2007). 
There is some controversy concerning the role played by the physiological changes occuring 
during pregnancy which could be the main factor predisposing pregnant women to UTIs 
(Nowicki et al., 2011). Some authors claim that the biological complexity and molecular 
epidemiology of UTI suggest that mechanical obstruction can only partially explain the risk 
of developing gestational UTI (Nowicki, 2002). It is argued that if gestation alone 
predisposes to UTIs, urine stasis and obstruction should favour infection in the presence of 
avirulent random gram-negative and gram-positive species. Instead, 90% of gestational 
UTIs are associated with uropathogenic virulent E. coli strains, which (in contrast) are 
seldom isolated in the non-pregnant patients with urinary tract obstructive problems. To 
date, this issue remains controversial. 

4. Clinical presentation and diagnosis 
4.1 Clinical presentation 
Given that UTIs correspond to the growth and multiplication of bacteria within the urinary 
tract, the resulting lesions can result in different degrees of severity. These infections can be 
grouped into four different clinical entities, according to the anatomical location of injury, 
maintaining relations between them (see Introduction section). 
In 1962, Kass brought attention and concern to asymptomatic bacteriuria, noting that this 
form of infection was one of the most important predisposing factors for pyelonephritis in 
pregnant women (Kass, 1962). Since then, there was a step forward to recognize the 
importance of early diagnosis of this form of infection in early pregnancy, avoiding the 
complications of pyelonephritis (MacLean, 2001; Smaill, 2007). Asymptomatic bacteriuria is 
characterized by bacterial colonization of the urine, and if it shows no clinical symptoms, 
microbiological laboratory tests are needed to support its diagnosis (MacLean, 2001). 
Asymptomatic bacteriuria is defined by two consecutive clean-catch urine cultures with 
more than 108 colonies/L of urine, with a single type of bacteria (Shand et al., 1970). It is 
believed that the vast majority of pregnant women that developing UTIs’ symptomatic 
forms during gestation have asymptomatic bacteriuria at the time of conception. It was 
observed that 30% of women with asymptomatic bacteriuria developed symptomatic UTI 
during gestation (Gratacos et al., 1994). 
Urethritis is characterized by urethral colonization resulting in dysuria and polyuria. 
Approximately 50% of pregnant women suffering from this complication do not have 
significant asymptomatic bacteriuria, and in 30% of them, urine cultures are negative. From 
a practical standpoint, only 20% of symptomatic patients have urine culture with more than 
108 colonies/L of urine. Another important detail is that some etiological agents involved in 
urethritis are germs commonly found in the vaginal cavity and that cause genital infections - 
some cannot be detected in routine urine cultures, such as Chlamydia trachomatis and 
Mycoplasma hominis (Nicolle, 2006). However, the potential invasiveness of these bacteria in 
the urinary tract is low. 
Cystitis is the infection of the bladder, occurring in about 1 to 1.5% of pregnancies. Common 
clinical manifestations are dysuria, polyuria, suprapubic discomfort, and in some cases, 
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evidence that bladder infections follow colonization of the urethra, the mode of ascent of the 
microorganisms is not completely elucidated. After reaching the bladder, the organisms 
quickly multiply and can ascend the ureters to the kidneys. This sequence of events is more 
likely to occur if reflux of urine into the ureters and kidneys is present.  
Bacterial colonization is facilitated as early as the renal pelvis and ureters begin to dilate 
(eighth week of gestation), and the bladder is displaced superiorly and anteriorly inside the 
intra-abdominal cavity (Jeyabalan & Lain, 2007). Mechanical compression caused by the 
enlarging uterus is the principle cause of this dilatation, but smooth muscle relaxation 
induced by progesterone may also play a role. The main consequences of these changes are 
the decrease in peristalsis of the ureters, followed by an increase in bladder capacity and 
urinary stasis. It is known that the decreased renal capacity to concentrate urine during 
pregnancy reduces the antibacterial activity of this fluid, leading it to excrete smaller 
amounts of potassium and higher amounts of glucose, amino acids and hormone 
degradation products. These biochemical alterations turn the urine into an alkaline solution, 
thus providing a suitable environment for bacterial growth (Dafnis & Sabatini, 1992). 
Additionally, the increase in the estrogen induced by gestation, contribute to the adhesion of 
certain E. coli strains to the type 1 uroepithelial cells (Roos et al., 2006).  
Host protective factors such as the low glucose concentration of the urine, stability of the 
vaginal lactobacilli population, the influence of estrogens, the activity of Tamm-Horsfall 
protein, the presence of urinary mucus or slime (called glycosaminoglycan) and the 
immunologic defense mechanisms, makes the normal urinary tract generally resistant to 
invasion and efficient in rapidly eliminating microorganisms that reach the bladder (Parsons 
et al., 1978; Joseph DiPiro et al., 2011).  
Specific subsets of E. coli clones identified with O, K and H antigens were shown to have 
increased propensity to cause UTIs (Kaper, 2005; Naveen & Mathai, 2005). An important 
virulence factor of bacteria is their ability to adhere to urinary epithelial cells, resulting in 
colonization of the urinary tract, bladder infections, and pyelonephritis. Uropathogenic E. 
coli have such virulence factors, known as fimbrias or pilli. These are adherence proteins 
(adhesins) expressed on the bacterial wall surface that promote binding to the epithelium of 
the vagina and urethra, thus increasing E. coli ability to cause UTIs (Sandberg et al., 1988). 
Adhesins include type 1, S and P fimbriae, and adhesins like Dr (Kaper, 2005). This property 
was recognized decades ago, and it is what differentiates uropathogenic E. coli from the 
gastro-intestinal commensal forms (Eden et al., 1976).  
The type 1 fimbriae are prevalent and are probably involved in colonization of lower 
urinary tract (Naveen & Mathai, 2005). The role of P fimbriae in upper UTI is well 
documented (Wullt et al., 2002). These are present in 20% of faecal E. coli, 60% of cystitis 
causing, and 80% of E. coli isolated in pyelonehritis (Kaper, 2005). Attachment of P fimbriae 
to urinary tract epithelium is also associated with increased host inflammatory response 
(Wullt et al., 2002). Other factors that increase E. coli virulence include production of 
haemolysin, serum resistance and release of aerobactin (Wullt et al., 2002). Haemolysin 
provides E. coli a possible selective advantage by releasing iron from lysed erythrocytes and 
thus, enhancing pathogenicity by destroying phagocytic and epithelial cells (Naveen & 
Mathai, 2005). 
Animal models and human data suggest that E. coli can remain hidden in large bacterial 
reservoirs within the host and can be reactivated to cause infection in the future, when there 
is some local decrease in the normal activity of the host defense factors (Mulvey et al., 2001; 
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Epp et al., 2010). Midstream urine samples from women with acute uncomplicated cystitis 
also showed evidence of intracellular bacterial communities of uropathogenic E. coli (Rosen 
et al., 2007). These communities are relatively protected from host immune response 
mechanisms and antibiotic therapy. They may be reactivated, causing recurrent UTI (Rosen 
et al., 2007). 
There is some controversy concerning the role played by the physiological changes occuring 
during pregnancy which could be the main factor predisposing pregnant women to UTIs 
(Nowicki et al., 2011). Some authors claim that the biological complexity and molecular 
epidemiology of UTI suggest that mechanical obstruction can only partially explain the risk 
of developing gestational UTI (Nowicki, 2002). It is argued that if gestation alone 
predisposes to UTIs, urine stasis and obstruction should favour infection in the presence of 
avirulent random gram-negative and gram-positive species. Instead, 90% of gestational 
UTIs are associated with uropathogenic virulent E. coli strains, which (in contrast) are 
seldom isolated in the non-pregnant patients with urinary tract obstructive problems. To 
date, this issue remains controversial. 

4. Clinical presentation and diagnosis 
4.1 Clinical presentation 
Given that UTIs correspond to the growth and multiplication of bacteria within the urinary 
tract, the resulting lesions can result in different degrees of severity. These infections can be 
grouped into four different clinical entities, according to the anatomical location of injury, 
maintaining relations between them (see Introduction section). 
In 1962, Kass brought attention and concern to asymptomatic bacteriuria, noting that this 
form of infection was one of the most important predisposing factors for pyelonephritis in 
pregnant women (Kass, 1962). Since then, there was a step forward to recognize the 
importance of early diagnosis of this form of infection in early pregnancy, avoiding the 
complications of pyelonephritis (MacLean, 2001; Smaill, 2007). Asymptomatic bacteriuria is 
characterized by bacterial colonization of the urine, and if it shows no clinical symptoms, 
microbiological laboratory tests are needed to support its diagnosis (MacLean, 2001). 
Asymptomatic bacteriuria is defined by two consecutive clean-catch urine cultures with 
more than 108 colonies/L of urine, with a single type of bacteria (Shand et al., 1970). It is 
believed that the vast majority of pregnant women that developing UTIs’ symptomatic 
forms during gestation have asymptomatic bacteriuria at the time of conception. It was 
observed that 30% of women with asymptomatic bacteriuria developed symptomatic UTI 
during gestation (Gratacos et al., 1994). 
Urethritis is characterized by urethral colonization resulting in dysuria and polyuria. 
Approximately 50% of pregnant women suffering from this complication do not have 
significant asymptomatic bacteriuria, and in 30% of them, urine cultures are negative. From 
a practical standpoint, only 20% of symptomatic patients have urine culture with more than 
108 colonies/L of urine. Another important detail is that some etiological agents involved in 
urethritis are germs commonly found in the vaginal cavity and that cause genital infections - 
some cannot be detected in routine urine cultures, such as Chlamydia trachomatis and 
Mycoplasma hominis (Nicolle, 2006). However, the potential invasiveness of these bacteria in 
the urinary tract is low. 
Cystitis is the infection of the bladder, occurring in about 1 to 1.5% of pregnancies. Common 
clinical manifestations are dysuria, polyuria, suprapubic discomfort, and in some cases, 



Urinary Tract Infections 118 

hematuria (Le et al., 2004). Although dysuria and polyuria may suggest UTIs, these 
symptoms may concomitantly be present in pregnant women with other conditions, such as 
bacterial vaginosis (Duarte et al., 2008). In addition, hemorrhagic cystitis during pregnancy 
can be confounded with bleeding issued from a process that could be bacterial, viral, fungal, 
immune (allergic) and radiotherapy. Cystitis is associated with preterm delivery and should 
be treated as soon as detected (Fakhoury et al., 1994). 
Pyelonephritis is the most severe form of UTI in pregnant women and may affect up to 2% 
of this population. Its occurrence is directly associated with the prevalence of asymptomatic 
bacteriuria among pregnant women (Gilstrap et al., 1981; Nowicki, 2002). This condition can 
occur with or without symptoms of cystitis. Overall, pyelonephritis is associated with worse 
maternal and prenatal prognosis (Schieve et al., 1994). Clinical signs and symptoms of 
pyelonephritis include flank pain (unilateral or bilateral) or abdominal pain, fever, anorexia, 
nausea and vomiting often associated with variable degrees of dehydration, chills, 
headache, and tachypinea. Respiratory failure and sepsis can be present in severe forms. 
Fever is elevated in the acute forms (Rosen et al., 2007). When considering the clinical 
diagnosis of UTIs during pregnancy, it is useful to remember that some symptoms of 
infection are difficult to characterize because they can be normally present during gestation, 
such as polyuria. In addition, asymptomatic bacteriuria does not present any clinical 
manifestation. However, patient history and risk factors can identify women at higher risk 
of UTI (Pastore et al., 1999; Nowicki, 2002; Fatima & Ishrat, 2006; Roos et al., 2006).  

4.2 Diagnosis 
Given the increased incidence of symptomatic UTI during pregnancy and its association 
with maternal and perinatal complications, screening of asymptomatic bacteriuria during 
pregnancy is requested with two urine samples obtained at different times. Testing a single 
sample may provide false-positive result in up to 40% of cases (MacLean, 2001). This 
measure can allow early start treatment and reduces the rate of progression to symptomatic 
infection and it’s potentially harmfull consequences (Gratacos et al., 1994; Smaill, 2007).  
Current laboratory tests for the diagnosis of UTI are based on the color changes of chemical 
reactants according to urine composition (dipstick analysis). Two of these are important for 
their rapidity and low costs: the test of nitrite and the test of leukocyte esterasis. The nitrite 
test is based on the ability of certain bacteria to reduce the urinary nitrate to nitrite. This test 
has 50% sensitivity and specificity of 97%, and can result in false positives when used on 
urine contaminated by normal vaginal bacteria or highly concentrated urine, given that the 
test follows colorimetric principles. The leukocyte esterase test has low sensitivity and 
specificity (25%) and can also result in false positives. Both tests have low sensitivity and 
therefore not suitable as screening tests for diagnosis, unless they are used in combination 
with other tests (McNair et al., 2000). 
Microscopic urinalysis is the examination of one drop of centrifuged and uncoloured fresh 
urine, with dry objective (400 times magnification). The observation of any bacteria per field 
correlates with a urine culture of at least 108 colonies/L of urine. Despite being a low cost 
test, its low sensitivity limits it to be indicated in the screening of asymptomatic bacteriuria 
(McNair et al., 2000). Current evidence seems to indicate that the microscopic analysis of a 
Gram-colored urine sample is a more suitable and rapid test for UTI screening. It consists in 
the microscopic observation of the urine bacteria Gram stain, improving the accuracy of 
microscopic urinalysis (Duarte et al., 2008). 
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Several alternative laboratory methods can be used for the diagnosis of UTIs with varying 
sensitivities and specificities. Therefore, the association of these tests can be necessary to 
confirm the positive results of a urinalysis. Moreover, for their meaningfull interpretation, it 
become imperative to use correct techniques for collecting the urine sample (aseptic perineal 
urine midstream, immediate transportation and refrigeration at 4 °C for, no later than 24 
hours) (Nicolle, 2006). 
Among the abnormalities likely to be detected in a urinalysis, we can find pyuria, 
hematuria, proteinuria and cylinders in the urinary sediment. These findings can indicate 
UTI, but actually they are just signs of inflammation and may also be present in other 
conditions. It should be remembered that a normal urinalysis result does not exclude the 
diagnosis of UTI, hence, not being ideal for screening of asymptomatic bacteriuria during 
pregnancy. However, in symptomatic patients, the result of this test is accepted for the 
initiation of therapy until the results of urine microbiologic culture are known (Nicolle, 2006; 
Duarte et al., 2008). 
The urine microbiologic culture is considered the gold standard for laboratory diagnosis 
of UTI. It is the most accurate method to identify and quantify bacteria in the urine with 
high sensibility (MacLean, 2001). Its drawbacks are the relatively higher costs, the long 
time needed to achieve the number of bacterial colonies necessary for a sensitive result 
and the need for professionals and laboratories qualified for its elaboration (Rosen et al., 
2007). The correct interpretation of a urine culture is crucial for therapeutic success. In 
asymptomatic cases, the finding of more than 108 colonies/L of urine suggests infection. 
Values between 107 and 108 correspond to infection in 50% of cases. If the urine is collected 
by bladder catheterization, the finding of values above 106 indicates infection; if the urine 
is issued by suprapubic aspiration, infection is diagnosed with any number of bacteria. In 
symptomatic cases, urine cultures are considered positive with up to 105 bacteria/mL of 
urine (Nicolle, 2006). 
Other important complementary tests include total and differential blood cells count, and 
dosage of metabolites such as urea and creatinine. These tests help to identify the severity 
of the infection, reflected in the hematologic and renal function parameters. However, 
they are not essential for the monitoring of patients with uncomplicated UTIs. Ultrasound 
of kidneys and urinary tract can be considered an important complementary examination. 
In addition of being rapid, inexpensive, easily accessible and totally safe for both mother 
and fetus, they can help to identify predisposing factors for adverse pregnancy outcomes, 
such as urinary calculus and pathological dilatation of the renal collecting system (Duarte 
et al., 2008). 

5. UTIs and pregnancy outcomes 
Several studies have associated UTIs during gestation with the risk of adverse perinatal and 
maternal outcomes. Some other studies failed to prove such associations (Gilstrap et al., 
1981; Reddy & Campbell, 1985; Chen et al., 2010). Inconsistencies in the results of these 
studies could be due to selection bias, low statistical power and inadequate control for 
potential confounders. As stated before, the general consensus is that UTIs can lead to 
complications, such as low-birth-weight infants, premature delivery, and, occasionally, 
stillbirth (Lee et al., 2008).  
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they are not essential for the monitoring of patients with uncomplicated UTIs. Ultrasound 
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In addition of being rapid, inexpensive, easily accessible and totally safe for both mother 
and fetus, they can help to identify predisposing factors for adverse pregnancy outcomes, 
such as urinary calculus and pathological dilatation of the renal collecting system (Duarte 
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5. UTIs and pregnancy outcomes 
Several studies have associated UTIs during gestation with the risk of adverse perinatal and 
maternal outcomes. Some other studies failed to prove such associations (Gilstrap et al., 
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5.1 UTIs and maternal outcomes 
The maternal complications of UTI are a result of the tissue damage caused by bacterial 
endotoxins, especially in pyelonephritis (Neal, 2008). The most dramatic maternal 
complication associated with UTIs is bacteremia and septic shock, induced by resistant 
pyelonephritis (Mittal & Wing, 2005).  Endotoxin-mediated damage includes diminished 
peripheral vascular resistance and changes in cardiovascular output. With the release of 
E. coli endotoxin active component of (lipid A) into the maternal circulation, a cascade 
response of pro-inflammatory cytokines, histamine, and bradykinins is precipitated, 
which may lead to the more serious complications (septic shock, disseminated 
intravascular coagulation, respiratory insufficiency, and adult respiratory distress 
syndrome (Galajdova, 2010)). This syndrome is defined as a disease of acute onset with 
bilateral infiltrates on chest radiograph and hypoxemia without evidence of pulmonary 
hypertension (Graves, 2002), and complicates 1% to 8% of cases of pyelonephritis in 
pregnancy (Wing, 1998). Women who have septic shock require admission to intensive 
care, immediate fluid resuscitation, and antimicrobial therapy. Although patients 
generally respond well to oxygen therapy, worsening dyspnea, tachypnea, and 
hypoxemia may signify progress to adult respiratory distress syndrome (Graves, 2002). 
Respiratory failure and pulmonary edema can result from an increased permeability of 
the alveolar-capillary membrane. This condition can be worsened by the use of 
hyperhydration and tocolytics, often administered for inhibition of preterm labor (Duarte 
et al., 2008). Although bacteremia is detected in 15-20% of women with severe 
pyelonephritis, few of them develop clinical manifestations of septic shock. 
Other maternal complications that have been associated with UTIs during pregnancy are 
hypertension and preeclampsia (Conde-Agudelo et al., 2008; Rustveld et al., 2008), anemia 
(Fede, 1983), chorioamnionitis and endometritis (Schieve et al., 1994; Delzell & Lefevre, 
2000). The causal nature of these associations is questionable, because it is not always clear 
whether an episode of UTI preceded the particular outcome of interest, especially in what 
concerns maternal hypertension and anemia (Schieve et al., 1994). 
The relationship between UTIs during pregnancy and preeclampsia is consistent throughout 
studies performed over the last years, and is present in diverse settings worldwide (Conde-
Agudelo et al., 2008). Several mechanisms have been proposed to explain how maternal 
infection might be involved in the etiology of preeclampsia or its manifestations. These 
include direct effects of the infectious agents on the arterial walls, including endothelial 
injury or dysfunction, acute atherosis, and local inflammation that might cause relative 
uteroplacental ischemia (von Dadelszen & Magee, 2002). Furthermore, some authors have 
hypothesized that the infection might be involved in both the initiation of the pre-eclampsia 
process (by increasing the risk of acute uteroplacental atherosis) and/or its potentiation (by 
amplifying the maternal systemic inflammatory response) (Herrera et al., 2001). 
Nevertheless, these hypotheses are issued from animal data and some other authors argue 
that the association between UTIs and preeclampsia may not be real and may be due to 
confounding. For example, abnormal changes associated with chronic pyelonephritis and 
papillary necrosis has been observed in almost half of women with bacteriuria during 
pregnancy (Whalley et al., 1965). These underlying diseases and the impairment of renal 
function they cause could, thus, account for the higher risk of preeclampsia among women 
with bacteriuria (Conde-Agudelo et al., 2008). More data is needed to determine whether the 
relationship between maternal UTIs and preeclampsia is causal. 
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Local complications, such as urinary obstruction, perinephric abscess and cellulitis are rare 
and when present, are associated with lithiasis or treatment-resistant microorganisms (Le et 
al., 2004; Neal, 2008). 

5.2 UTIs and perinatal outcomes 
The association between perinatal outcomes and UTIs has been studied for many years 
(Mittal & Wing 2005; Duarte et al., 2008). From a global health perspective, UTI is one of 
the most important and potentially preventable causes of early preterm birth (Simmons et 
al., 2010). Intrauterine infections are thought to be responsible for up to 50% of extreme 
preterm births of less than 28 weeks of gestation, where both neonatal mortality and 
morbidity are high (Simmons et al., 2010). Observational studies show an association 
between maternal UTIs and preterm birth and low birth weight (Gravett et al., 2010). Most 
of these studies are conducted in lower and middle income countries. Therefore, there is a 
great deal of heterogeneity between studies regarding the association between these 
infections and the risk of preterm birth (Beck et al., 2010). Among other recognized 
perinatal complications of UTI, we highlight premature rupture of membranes, 
intrauterine growth restriction, cerebral palsy/mental retardation and perinatal death 
(Romero et al., 1989; Polivka et al., 1997; McDermott et al., 2000; Duarte et al., 2008). Some 
cases of periventricular leukomalacia and fetal septicemia have been recently reported as 
a result of transplacental transfer of cytokines originated from maternal UTIs (Spinillo et 
al., 1998; Oda et al., 2008). Pregnancies complicated by UTIs are also associated with 
increased fetal mortality (McDermott et al., 2001). 
It was estimated that 27% of preterm deliveries are associated with pre-existing UTIs 
(Turiani, 2009). In the same study, the investigators found that women with pyelonephritis 
had prevalence for low birth weight infants of 15% (defined as birth weight less than 2500 
grams).  Same findings were reported in a large cohort study conducted in the USA. In this 
study, UTIs were also associated with the risk of small-for-gestational-age newborns 
(Schieve et al., 1994). Evidence issued from microbiological analysis of the genito-urinary 
tract of women with premature labor or preterm rupture of membranes, show that UTI is 
the most important risk factor for perinatal morbidity and fetal death (Turiani, 2009). Data 
from 52 cases of neonatal sepsis showed that UTIs were present in 63% of cases 
(Ananthakrishnan & Gunasekaran, 2009). All the aforementioned adverse pregnancy 
outcomes are important predictors of neonatal mortality.  
Data on the treatment of UTI and its effect on pregnancy outcomes corroborate the 
observation that these infections, if left untreated, are associated with low birth weight. In 
one study, the risk of preterm delivery in women who had asymptomatic UTI was two 
times greater than in unaffected women. With adequate treatment, the risk of low birth 
weight infants was 44% lower when compared to the untreated group (Gilstrap et al., 1981; 
Romero et al., 1989). These findings were confirmed in a recent Cochrane review which 
demonstrated the decreased incidence of pyelonephritis and low birth weight infants when 
asymptomatic UTI was treated (Smaill & Vazquez, 2007). 
The increased incidence of preterm labor and delivery associated with UTIs can be 
explained by the inflammatory response induced by citokines and prostaglandins 
mediators. Another way in which preterm labor can be triggered is through the colonization 
of amniotic fluid by uropathogens originated from UTIs. These bacteria produce 
phospholipases A and C, that act as precursors of pro-contractile prostaglandins E2 and F2a, 
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5.1 UTIs and maternal outcomes 
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that the association between UTIs and preeclampsia may not be real and may be due to 
confounding. For example, abnormal changes associated with chronic pyelonephritis and 
papillary necrosis has been observed in almost half of women with bacteriuria during 
pregnancy (Whalley et al., 1965). These underlying diseases and the impairment of renal 
function they cause could, thus, account for the higher risk of preeclampsia among women 
with bacteriuria (Conde-Agudelo et al., 2008). More data is needed to determine whether the 
relationship between maternal UTIs and preeclampsia is causal. 
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weight infants was 44% lower when compared to the untreated group (Gilstrap et al., 1981; 
Romero et al., 1989). These findings were confirmed in a recent Cochrane review which 
demonstrated the decreased incidence of pyelonephritis and low birth weight infants when 
asymptomatic UTI was treated (Smaill & Vazquez, 2007). 
The increased incidence of preterm labor and delivery associated with UTIs can be 
explained by the inflammatory response induced by citokines and prostaglandins 
mediators. Another way in which preterm labor can be triggered is through the colonization 
of amniotic fluid by uropathogens originated from UTIs. These bacteria produce 
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consequently triggering preterm labor (Duarte et al., 2008; Bhutta et al., 2010). There are 
several mechanisms suggested to explain the high rates of premature rupture of membranes 
in pregnant women with UTI. One of them is that UTIs induces the release of 
metalloproteinases by macrophages, via cytokines which degrade the membranes, 
predisposing them to rupture, in a similar way as do collagenasis and phospholipasis issued 
from bacteria (Sayres, 2010) (Wax et al., 2010). 
There has also been a hypothesis suggesting that UTI during pregnancy is associated with 
child developmental delay and mental retardation (Broman, 1987). One study has found a 
30% increase in the risk for cognitive delay in children whose mothers had UTI during 
pregnancy, when compared to children whose mothers were not infected (McDermott et al., 
2001). Furthermore, when comparing untreated women with treated women, the risk of 
having infants with cognitive delay was 22% higher. These results support the association 
between UTI in pregnancy and cognitive delay and emphasize the importance of the rapid 
diagnosis and treatment. However, the multifactorial nature of these outcomes makes the 
determination of etiology difficult, and no firm consensus has been reached on this subject 
(Mittal & Wing 2005). 
Given the burden of UTI during pregnancy, with regards to adverse maternal and 
pregnancy outcomes, these infections must be adequately diagnosed and efficient treatment 
must be initiated. Screening and treatment of assympomatic UTI during pregnancy is 
recommended by the U.S. Preventive Services Task Force (USPSTF, 2010). Given the 
evidence indicating that detection and treatment of asymptomatic bacteriuria with 
antibiotics significantly reduces the incidence of maternal UTIs and low birth weight, the 
USPSTF concludes that during pregnancy, there is high certainty that the net benefit of 
screening for asymptomatic bacteriuria is substantial. Nevertheless, in men and non-
pregnant women, there is moderate certainty that the harms of screening for asymptomatic 
bacteriuria outweighs the benefits (Lin & Brown, 2010). The USPSTF discloses that the urine 
culture is the standard criterion for detecting asymptomatic bacteriuria. Nevertheless, as 
previously discussed, it is recognized that this test is expensive for routine screening in 
populations with a low prevalence of the condition. However, no currently available tests 
have a high enough sensitivity and negative predictive value (Lin & Fajardo, 2008). The 
screening tests used commonly in primary care (dipstick analysis and direct microscopy) 
have poor positive and negative predictive value for detecting bacteriuria in asymptomatic 
persons (Bandyopadhyay et al., 2005, 2010). Pregnant women with asymptomatic 
bacteriuria should receive antibiotic therapy directed at the cultured organism and follow-
up monitoring. The screening intervals must be between 12 to 16 weeks' gestation or at the 
first pre-natal visit, if later, although there is no consensus in the literature as to the optimal 
timing and screening frequency for asymptomatic bacteriuria (McIsaac et al., 2005; Tugrul et 
al., 2005; Schnarr & Smaill, 2008). 

6. Treatment of UTIs during pregnancy 
Data from observational studies showed that the prevalence of anti-infective use during 
pregnancy is 24.5% (Santos et al., 2010a). Once the clinical diagnosis of UTI is established, 
treatment is mandatory even when no confirmation of the UTI etiological agent by the 
microbiologic culture test is available. As a consequence, the initial antibiotic therapy has 
the drawback of being empirical, and a variety of different antimicrobial agents can be 
used for the treatment of bacteriuria (Gilstrap & Ramin, 2001). Therefore, a periodic 
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assessment of the sensitivity pattern of etiological agents against anti-infective drugs 
commonly used to treat UTIs must be done. This measure becomes extremely important 
given the growing number of bacterial resistant to the antibiotics that are deemed safe 
during pregnancy (Duarte et al., 2008). It is important to remember that therapy must be 
safe for both mother and fetus. Nearly all anti-infective drugs are able to cross the 
placenta, and therefore agents that may be harmful to the developing fetus should be 
avoided. Antibiotics that have been associated with teratogenic effects are quinolones, 
trimethropime/sulfamethoxazole, chloramphenicol, and tetracycline (Macejko & 
Schaeffer, 2007).  
Quinolones has been associated to the development of arthropathy when given directly to 
immature animals and is not usually recommended for routine use during pregnancy. This 
adverse effect has not been described in humans (Gilstrap & Ramin, 2001; Macejko & 
Schaeffer, 2007; Lee et al., 2008). Tetracycline has been associated with yellow-brown 
discoloration of the deciduous teeth, when used after the 16th week of gestation, and 
gentamicin could potentially cause eighth nerve damage in the fetus (Dashe & Gilstrap, 
1997; Schnarr & Smaill, 2008). 
Given that pregnant women are not enrolled in randomised clinical trials assessing safety, 
there is no clear consensus on the choice of antibiotics and the duration of treatment during 
gestation. As a consequence, practice is more likely guided by national patterns of 
prescription and local bacterial resistance profiles (Schnarr & Smaill, 2008). Antibiotics 
commonly used for the treatment of UTIs during pregnancy have not been found to be 
associated with an increased risk of birth defects. Beta lactams antibiotics, such as penicillins 
and cephalosporins, are deemed safe during pregnancy and are commonly prescribed for 
the treatment of UTIs during the gestational period (Lee et al., 2008; Schnarr & Smaill, 2008; 
Guinto et al., 2010, Santos et al., 2010a). Despite the fact that no drug of this class has any 
apparent teratogenic properties, beta-lactams are sometimes associated with allergic and 
anaphylactic reactions. In addition, high bacterial resistance rates limit the use of some 
agents, such as amoxicillin or ampicillin (Dashe & Gilstrap, 1997; Guinto et al., 2010).  
Safety of nitrofurantoin in pregnancy has already been demonstrated (Ben David et al., 
1995). Nitrofurantoin only achieves therapeutic levels in the urine, so it cannot be used to 
treat pyelonephritis. This drug is not active against Proteus spp (Christensen, 2000; Sahm et 
al., 2001). There is a theoretical risk of nitrofurantoin-induced hemolytic anemia in the 
fetusor newborn, particularly in those with glucose-6-phosphate dehydrogenase (G6PD) 
deficiency (Smaill & Vazquez, 2007; Guinto et al., 2010). 
Trimethoprim is a folic acid antagonist and its use during the first trimester has been 
associated with neural tube and cardiovascular defects in the newborn (Milo et al., 2005). 
Sulfonamides could theoretically displace bilirubin from albumin-binding sites and could 
cause severe jaundice leading to kernicterus. Practical evidence of this risk, however, is 
sparse (Smaill, 2000). Furtheremore, a recent study showed an association between exposure 
to sulphonamides during the last two trimesters of pregnancy and the risk of small for 
gestational age newborns (Santos et al., 2010b). 
Follow-up of women with asymptomatic bacteriuria is important because approximately 
one third of them will experience a recurrent infection during pregnancy. For women with 
frequent recurrent episodes of bacteriuria or symptomatic UTIs, prophylactic continuous 
antibiotic treatment should be considered. However, the protracted use of antibiotics, 
especially ampicillin and cephalosporins, may interfere with the normal gastrointestinal 
flora. Prolonged use of these antibiotics may be associated with chronic vulvovaginitis 
secondary to overgrowth of Candida albicans (Gilstrap & Ramin 2001). 
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consequently triggering preterm labor (Duarte et al., 2008; Bhutta et al., 2010). There are 
several mechanisms suggested to explain the high rates of premature rupture of membranes 
in pregnant women with UTI. One of them is that UTIs induces the release of 
metalloproteinases by macrophages, via cytokines which degrade the membranes, 
predisposing them to rupture, in a similar way as do collagenasis and phospholipasis issued 
from bacteria (Sayres, 2010) (Wax et al., 2010). 
There has also been a hypothesis suggesting that UTI during pregnancy is associated with 
child developmental delay and mental retardation (Broman, 1987). One study has found a 
30% increase in the risk for cognitive delay in children whose mothers had UTI during 
pregnancy, when compared to children whose mothers were not infected (McDermott et al., 
2001). Furthermore, when comparing untreated women with treated women, the risk of 
having infants with cognitive delay was 22% higher. These results support the association 
between UTI in pregnancy and cognitive delay and emphasize the importance of the rapid 
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screening for asymptomatic bacteriuria is substantial. Nevertheless, in men and non-
pregnant women, there is moderate certainty that the harms of screening for asymptomatic 
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culture is the standard criterion for detecting asymptomatic bacteriuria. Nevertheless, as 
previously discussed, it is recognized that this test is expensive for routine screening in 
populations with a low prevalence of the condition. However, no currently available tests 
have a high enough sensitivity and negative predictive value (Lin & Fajardo, 2008). The 
screening tests used commonly in primary care (dipstick analysis and direct microscopy) 
have poor positive and negative predictive value for detecting bacteriuria in asymptomatic 
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first pre-natal visit, if later, although there is no consensus in the literature as to the optimal 
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treatment is mandatory even when no confirmation of the UTI etiological agent by the 
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the drawback of being empirical, and a variety of different antimicrobial agents can be 
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assessment of the sensitivity pattern of etiological agents against anti-infective drugs 
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given the growing number of bacterial resistant to the antibiotics that are deemed safe 
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Quinolones has been associated to the development of arthropathy when given directly to 
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Schaeffer, 2007; Lee et al., 2008). Tetracycline has been associated with yellow-brown 
discoloration of the deciduous teeth, when used after the 16th week of gestation, and 
gentamicin could potentially cause eighth nerve damage in the fetus (Dashe & Gilstrap, 
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Given that pregnant women are not enrolled in randomised clinical trials assessing safety, 
there is no clear consensus on the choice of antibiotics and the duration of treatment during 
gestation. As a consequence, practice is more likely guided by national patterns of 
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apparent teratogenic properties, beta-lactams are sometimes associated with allergic and 
anaphylactic reactions. In addition, high bacterial resistance rates limit the use of some 
agents, such as amoxicillin or ampicillin (Dashe & Gilstrap, 1997; Guinto et al., 2010).  
Safety of nitrofurantoin in pregnancy has already been demonstrated (Ben David et al., 
1995). Nitrofurantoin only achieves therapeutic levels in the urine, so it cannot be used to 
treat pyelonephritis. This drug is not active against Proteus spp (Christensen, 2000; Sahm et 
al., 2001). There is a theoretical risk of nitrofurantoin-induced hemolytic anemia in the 
fetusor newborn, particularly in those with glucose-6-phosphate dehydrogenase (G6PD) 
deficiency (Smaill & Vazquez, 2007; Guinto et al., 2010). 
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associated with neural tube and cardiovascular defects in the newborn (Milo et al., 2005). 
Sulfonamides could theoretically displace bilirubin from albumin-binding sites and could 
cause severe jaundice leading to kernicterus. Practical evidence of this risk, however, is 
sparse (Smaill, 2000). Furtheremore, a recent study showed an association between exposure 
to sulphonamides during the last two trimesters of pregnancy and the risk of small for 
gestational age newborns (Santos et al., 2010b). 
Follow-up of women with asymptomatic bacteriuria is important because approximately 
one third of them will experience a recurrent infection during pregnancy. For women with 
frequent recurrent episodes of bacteriuria or symptomatic UTIs, prophylactic continuous 
antibiotic treatment should be considered. However, the protracted use of antibiotics, 
especially ampicillin and cephalosporins, may interfere with the normal gastrointestinal 
flora. Prolonged use of these antibiotics may be associated with chronic vulvovaginitis 
secondary to overgrowth of Candida albicans (Gilstrap & Ramin 2001). 
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Table 1 summarizes most common therapeutic regimens currently proposed for the 
treatment of UTIs during pregnancy, according to the type of UTIs (Bruel et al., 2000; Milo et 
al., 2005; Mittal & Wing, 2005; Cimolai & Cimolai, 2007; Rosen et al., 2007; Duarte et al., 2008; 
Guinto et al., 2010). 
 

Urinary tract 
infection Treatment regimen Treatment options Comments 

Assymptomatic 
bacteriuria 

Current standard 
of practice is to 
treat pregnant 

patients who have 
asymptomatic 

bacteriuria with at 
least 3 to 7 days of 

an oral anti-
infective agent 

(Rubin et al., 1992; 
Connolly & Thorp, 
1999; Christensen, 
2000; Gilstrap & 

Ramin, 2001; 
Ovalle & 

Levancini, 2001). 

Cephalexin 250-500 mg, 
po, qid 

Nitrofurantoin 100 mg, 
po, qid or  

Nitrofurantoin 
(monohydrate/macro-

crystals) 100 mg, po, 
bid, 7 days 

Amoxicillin 500 mg, po, 
tid 

Norfloxacin 400 mg, po, 
bid 

Cefuroxim 250 mg, po, 
tid 

SXT (320/1600 mg) po, 
once a day (avoid use 
during first trimester) 

Single-dose and three days regimens 
have been used, but showed lack of 

efficacy. Some authors do not 
recommend during gestation (Rubin et 

al., 1992; Smaill & Vazquez, 2007). 
SXT was associated with a theoretical 
increased risk of neural tube defects 

and it may lead to neonatal kernicterus 
(Schnarr & Smaill, 2008). 

Nitrofurantoin was associated with 
theoretical risk of fetal hemolytic 
anemia when mother has G6PD 

deficiency (Smaill & Vazquez, 2007). 
Given the increased rates of bacterial 

resistance to ampicillin and 
cephalexin, one must verify hospital 
susceptibilities before prescribing b-
lactam monotherapy (Mittal & Wing, 

2005; Joseph DiPiro et al., 2011). 

Urethritis and 
cystitis 

Given that the 
pathogens 

associated with 
urethritis and 
cystitis are the 
same as those 

causing  
asymptomatic 
bacteriuria, the 

treatment of 
cystitis in 

pregnancy is the 
same as the 

treatment for 
asymptomatic 

bacteriuria, longer 
courses of therapy 

are usually 
recommended (7-
10 days) (Gilstrap 
& Ramin, 2001). 

Cefuroxim 250 mg, po, 
tid 

Nitrofurantoin 100 mg, 
po, qid or  

Nitrofurantoin 
(monohydrate/macro-

crystals) 100 mg, po, bid 
Amoxicillin 500 mg, po, 

tid 
SXT (320/1600 mg) po, 
once a day (avoid use 
during first trimester) 

These agents are FDA class B category 
(Mittal & Wing, 2005). 
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Urinary tract 
infection Treatment regimen Treatment options Comments 

Pyelonephritis 

Initial treatment 
must be 

parentheral 
(Vazquez & Villar, 
2003;  Duarte et al., 

2008). First-line 
therapy often 

includes a first-
generation 

cephalosporin. In 
an inpatient 

setting, parenteral 
antimicrobial 

therapy usually is 
continued until the 
patient is afebrile 

for 48 hours 
(Wing, 1998). The 

patient is switched 
to oral 

antimicrobial 
therapy for 2 
weeks (total). 

Ampicillin 2 grams, IV, 
q6h (+) Gentamicin 1.5-

1.7/mg/kg, IV, q6 h 
Gentamicin 1.5-

1.7/mg/kg, IV, q8h 
Ampicillin-sulbactam 3 

grams, IV, q6 h 
Ceftriaxone 1 gram, 

IV/IM, q24 h 
Cefuroxime 0.75–1.5 

grams, IV, q8 h 
Cefazolin 2 grams, IV, 

q6–8 h 
Mezlocillin 3 grams, IV, 

q6 h 
Piperacillin 4 grams IV 

q8 h 
Ticarcillin/clavulanate 

3.1 grams, IV, q6h 

Ampicillin monotherapy showed high 
incidence of resistant bacteria, and 

therefore, usually is used in 
conjunction with gentamicin (Dunlow 

& Duff, 1990). 
To avoid exacerbation of the renal 

insufficiency that commonly 
accompanies pyelonephritis, drug 
serum levels should be monitored 

when using aminoglycosides, such as 
gentamicin (Wing, 1998). 

Table 1. Most common therapeutic regimens currently proposed for the treatment of UTIs 
during pregnancy (Abbreviations: po: by mouth; q: every; bid: twice a day; tid: three times a 
day; qid: four times a day; SXT: Trimethoprim/Sulfamethoxazole; IM: intramuscularly; IV: 
intravenously). 

7. Conclusion 
Urinary tract infection is a prevalent complication of pregnancy that can worsen maternal 
and perinatal prognosis. Untreated asymptomatic forms can progress to pyelonephritis, 
which is associated with preterm delivery, low birth weight infants and stillbirth. In 
addition to the increased incidence of UTIs during gestation, health care professionals must 
be aware that the choice of available anti-infective drugs are restricted, given the risk of 
certain of them for the fetus, and the potential for bacterial resistance. Most of the drugs 
used for the treatment of UTIs during pregnancy are not associated with an increased risk of 
birth defects. Early diagnosis followed by immediate and adequate therapy is essential 
during gestation, avoiding compromising maternal and neonatal health. 
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Table 1 summarizes most common therapeutic regimens currently proposed for the 
treatment of UTIs during pregnancy, according to the type of UTIs (Bruel et al., 2000; Milo et 
al., 2005; Mittal & Wing, 2005; Cimolai & Cimolai, 2007; Rosen et al., 2007; Duarte et al., 2008; 
Guinto et al., 2010). 
 

Urinary tract 
infection Treatment regimen Treatment options Comments 

Assymptomatic 
bacteriuria 

Current standard 
of practice is to 
treat pregnant 

patients who have 
asymptomatic 

bacteriuria with at 
least 3 to 7 days of 

an oral anti-
infective agent 

(Rubin et al., 1992; 
Connolly & Thorp, 
1999; Christensen, 
2000; Gilstrap & 

Ramin, 2001; 
Ovalle & 

Levancini, 2001). 

Cephalexin 250-500 mg, 
po, qid 

Nitrofurantoin 100 mg, 
po, qid or  

Nitrofurantoin 
(monohydrate/macro-

crystals) 100 mg, po, 
bid, 7 days 

Amoxicillin 500 mg, po, 
tid 

Norfloxacin 400 mg, po, 
bid 

Cefuroxim 250 mg, po, 
tid 

SXT (320/1600 mg) po, 
once a day (avoid use 
during first trimester) 

Single-dose and three days regimens 
have been used, but showed lack of 

efficacy. Some authors do not 
recommend during gestation (Rubin et 

al., 1992; Smaill & Vazquez, 2007). 
SXT was associated with a theoretical 
increased risk of neural tube defects 

and it may lead to neonatal kernicterus 
(Schnarr & Smaill, 2008). 

Nitrofurantoin was associated with 
theoretical risk of fetal hemolytic 
anemia when mother has G6PD 

deficiency (Smaill & Vazquez, 2007). 
Given the increased rates of bacterial 

resistance to ampicillin and 
cephalexin, one must verify hospital 
susceptibilities before prescribing b-
lactam monotherapy (Mittal & Wing, 

2005; Joseph DiPiro et al., 2011). 

Urethritis and 
cystitis 

Given that the 
pathogens 

associated with 
urethritis and 
cystitis are the 
same as those 

causing  
asymptomatic 
bacteriuria, the 

treatment of 
cystitis in 

pregnancy is the 
same as the 

treatment for 
asymptomatic 

bacteriuria, longer 
courses of therapy 

are usually 
recommended (7-
10 days) (Gilstrap 
& Ramin, 2001). 

Cefuroxim 250 mg, po, 
tid 

Nitrofurantoin 100 mg, 
po, qid or  

Nitrofurantoin 
(monohydrate/macro-

crystals) 100 mg, po, bid 
Amoxicillin 500 mg, po, 

tid 
SXT (320/1600 mg) po, 
once a day (avoid use 
during first trimester) 

These agents are FDA class B category 
(Mittal & Wing, 2005). 
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Urinary tract 
infection Treatment regimen Treatment options Comments 

Pyelonephritis 

Initial treatment 
must be 

parentheral 
(Vazquez & Villar, 
2003;  Duarte et al., 

2008). First-line 
therapy often 

includes a first-
generation 

cephalosporin. In 
an inpatient 

setting, parenteral 
antimicrobial 

therapy usually is 
continued until the 
patient is afebrile 

for 48 hours 
(Wing, 1998). The 

patient is switched 
to oral 

antimicrobial 
therapy for 2 
weeks (total). 

Ampicillin 2 grams, IV, 
q6h (+) Gentamicin 1.5-

1.7/mg/kg, IV, q6 h 
Gentamicin 1.5-

1.7/mg/kg, IV, q8h 
Ampicillin-sulbactam 3 

grams, IV, q6 h 
Ceftriaxone 1 gram, 

IV/IM, q24 h 
Cefuroxime 0.75–1.5 

grams, IV, q8 h 
Cefazolin 2 grams, IV, 

q6–8 h 
Mezlocillin 3 grams, IV, 

q6 h 
Piperacillin 4 grams IV 

q8 h 
Ticarcillin/clavulanate 

3.1 grams, IV, q6h 

Ampicillin monotherapy showed high 
incidence of resistant bacteria, and 

therefore, usually is used in 
conjunction with gentamicin (Dunlow 

& Duff, 1990). 
To avoid exacerbation of the renal 

insufficiency that commonly 
accompanies pyelonephritis, drug 
serum levels should be monitored 

when using aminoglycosides, such as 
gentamicin (Wing, 1998). 

Table 1. Most common therapeutic regimens currently proposed for the treatment of UTIs 
during pregnancy (Abbreviations: po: by mouth; q: every; bid: twice a day; tid: three times a 
day; qid: four times a day; SXT: Trimethoprim/Sulfamethoxazole; IM: intramuscularly; IV: 
intravenously). 

7. Conclusion 
Urinary tract infection is a prevalent complication of pregnancy that can worsen maternal 
and perinatal prognosis. Untreated asymptomatic forms can progress to pyelonephritis, 
which is associated with preterm delivery, low birth weight infants and stillbirth. In 
addition to the increased incidence of UTIs during gestation, health care professionals must 
be aware that the choice of available anti-infective drugs are restricted, given the risk of 
certain of them for the fetus, and the potential for bacterial resistance. Most of the drugs 
used for the treatment of UTIs during pregnancy are not associated with an increased risk of 
birth defects. Early diagnosis followed by immediate and adequate therapy is essential 
during gestation, avoiding compromising maternal and neonatal health. 
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1. Introduction 
Urinary Tract Infections (UTIs) are the most common infections acquired in the hospitalized 
adult patients accounting for 30-40% of all nosocomial infections and 80% of these infections 
are caused by indwelling catheters (Bagshaw, Laupland, 2006) (National Center of Health 
Statistics, CDC, 2004). The daily risk of developing a catheter-associated urinary tract 
infection (CA-UTI) is 3-7% in the acute care setting (Lo, Nicolle et al, 2008). Between 15-25% 
of hospitalized patients receive short-term indwelling catheters (CDC, 2009). Often catheters 
are placed for inappropriate reasons and prescribers are unaware of their presence and stay 
in for extended periods of time. Reported rates of UTI among patients with urinary catheters 
vary substantially. National data from the National Healthcare Safety Network (NHSN), 
designed by the Centers for Disease Control (CDC) and Prevention, previously known as 
the National Nosocomial Infection Surveillance System (NNISS), reported acute care 
hospitals in 2006 showed an average range of CA-UTI rates of 3.1-7.5 infections per 1000 
catheter-days (CDC, 2009). The Centers for Medicare and Medicaid Services (CMS) 
identified hospital acquired urinary tract infections as one of the eight conditions for which 
hospitals will not receive additional reimbursement (Beaver, 2008) (CMS, 2008).  The CMS 
regulations emphasize complications and risk with CA-UTIs which include cystitis, 
periurethral abscess, prostatitis, epididymitis, acute or chronic pyelonephritis, gram 
negative bacteremia, sepsis secondary to CA-UTI, which can be fatal in 40-60% of cases and 
CA-UTIs are the second most common cause of nosocomial blood stream infection 
(Kunin,1997,Smith, 2003,Rahn, 2008, National Center for Disease Statistics, CDC, 2004, 
Cravens, 2000, Warren, Damron et al 1987).  The complication of a CA-UTI can increase a 
patient’s hospital stay by 0.4 days for an asymptomatic UTI and 2 days for a symptomatic 
UTI (Leithauser, 2004). The CMS regulations also state the use of indwelling catheters in 
long-term acute care settings must be medically justified and that strategies must be in place 
to reduce the risk of infection for all patients and residents with catheters (CMS guidelines, 
2008).  An estimated 17% to 69% of CA-UTI may be preventable with recommended 
infection control measures, which means that up to 380,000 infections and 9000 deaths 
related to CA-UTI per year could be prevented CDC, 2009). This chapter will focus on 
methods that have demonstrated in research and recommended to help prevent CA-UTIs in 
the acute care setting.  
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Based on the 2009 Infectious Diseases Society of America Guidelines (IDSA), CA-UTI 
infections refer to infections occurring in persons whose urinary tract is currently catherized 
or has been catherized within the previous 48 hours. UTI refers to significant bacteruria in a 
patient with symptoms or signs attributable to the urinary tract and no alternate source.  
These guidelines will pertain to patients with indwelling catheters, including short term (<= 
30 days) and long-term (>30 days) in the acute care setting. These guidelines in this chapter 
will not attend to intermittent catherization or condom catherization. Nor does it deal with 
patients who undergo complicated urologic catherization procedures, such as those 
involving ureteral stents or nephrostomy tubes. This chapter will strictly deal with the 
prevention of CA-UTIs in the acute care setting. The diagnosis and treatment of a CA-UTI 
will not be addressed.  
In the acute care setting, many CA-UTIs account for many episodes of nosocomial 
bacteremia (Noelle, Strausbaugh, Garibaldi, 1996), (Saint, Kowalski, Kaufman, 2008).  CA-
bacteruria has important implications for the patients and should have high priority for 
infection control programs, not only for patient safety but cost issues as well. One cost 
analysis of UTIs estimated an additional expense ranging from $401 to $1, 727 per UTI 
(Tambyah, Knasinski, et al, 2002). Additional estimates have been as high as $3, 803 per 
infection (McConnel, 2000). In October 2008, The Centers for Medicare/Medicaid Services in 
the United States stopped reimbursement for healthcare acquired infections (Wald, Kramer, 
2007) (Beaver, 2008) (CMS, 2008).  Not surprisingly, the most effective way to reduce the 
incidence of CA-UTIs is removing the catheter promptly when it is no longer needed 
(Crouzet, Bertrand et al, 2007) (Infectious Diseases Society of America, 2009).  However, 
despite the overwhelming link between urinary catherization and subsequent UTI, US 
hospitals have not widely implemented strategies to reduce hospital-acquired UTIs.   
The NHSN created benchmarks for CA-UTIs based on similar hospitals. The benchmark for 
CA-UTI in the ICU was a rate of 4 per 1000 catheter days pooled from 300 hospitals in 2004 
(Edwards, Peterson, et al, 2007). In preparation for the new CMS guidelines for healthcare 
acquired infections, in 2007, PENN Presbyterian Medical Center in Philadelphia, 
Pennsylvania, launched a campaign to decrease the incidence of CA-UTIs by adopting a set 
of evidence based guidelines and studied the effects of these guidelines on the rate of CA-
UTIs in a pilot study done in one of the intensive care units. Before adopting these set of 
guidelines PENN Presbyterian Cardiac Care Unit had a CA-UTI rate of 13.1 in 2006 after 1 
year, following these guidelines, the rate dropped to 6.80 by the end of 2007.  Each of the 
University of Pennsylvania Hospitals adopted parts of these guidelines and made changes 
according to their specific patient populations. This chapter will outline what PENN 
Presbyterian did but will highlight some of the interventions utilized by all three hospitals. 
All three hospitals in the University of Pennsylvania Health System utilize the same order 
entry system therefore any changes in documentation were implemented in all three 
hospitals.  Committees in all three hospitals met on a quarterly basis to review interventions. 
The definition of practice guidelines are “systematically developed statements to assist 
practitioners and patients in making decisions about appropriate healthcare for specific 
circumstances. Attributes of high quality guidelines include validity, reliability, 
reproducibility, clinical applicability, clinical flexibility, clarity, multidisciplinary process, 
review of evidence and documentation. (IDSA, p 9. 2009).  Table 1 outlines the strength of 
recommendation and quality of evidence as described in 1970, by the Canadian Task Force 
on the Periodic Health Examination. Throughout the chapter, the practice guidelines 
discussed will be labeled with the strength of recommendation and quality of evidence as 
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defined by this table and recommendation from the Infectious Disease Society of America, 
the Centers for Disease Control and Prevention and the most current research. These 
guidelines will represent what was adopted by the University of Pennsylvania Health 
System over the past three years and also what has been studied and proven as well in these 
past three years since the original study that was done at PENN Presbyterian Center in 
2006-2007 
 

Table 1: Strength of Recommendation and Quality of Evidence 
Category/Grade                                                           Definition 
Strength of Recommendation 
a. Good Evidence to support a recommendation for or against use 
b. Moderate Evidence to support a recommendation for or against use 
c. Poor Evidence to support a recommendation for or against use 
 
Quality of Evidence 
i. Evidence from >1 properly randomized, controlled trial 
ii. Evidence from >1 well designed clinical trial, without randomization; from cohort or 

case-controlled analytic studies (preferably from >1 center); from multiple time-
series; or from dramatic results from controlled experiments  

iii. Evidence from opinions of respected authorities, based on clinical experience, 
descriptive studies or reports of expert committees 

 
 

Table 1. Defines the strength of recommendation and quality of evidence adapted from the 
Canadian Task Force on the Periodic Health Examination 1979.   

2. Indications for insertion and discontinuing indwelling catheters   
Indwelling catheters should be placed only when they are indicated (A-III, IDSA, 2009).  
Institutions should develop a list of appropriate indications for inserting indwelling 
catheters, educate staff about indications and periodically assess adherence to the 
institution-specific guidelines (A-III, IDSA, 2009).  Institutions should require an order in the 
chart before a catheter is placed (A-III, IDSA, 2009). Institutions should consider use of a 
portable bladder scanner to determine whether catherization is necessary for post- operative 
patient (B-II, IDSA, 2009).  
At PENN Presbyterian, criteria for maintaining indwelling catheters were placed in a set of 
practice guidelines originally in 2005 and again reviewed by the policy and procedure 
committee in 2008 and 2009. The maintenance criteria are listed below in Table 3. These 
guidelines were originally adapted from Wong and Hooton’s Guidelines for the Prevention of 
catheter-associated urinary tract infections from the Center for Disease Control and Prevention 
published in a landmark study in 1981, and modified in 2005. Most recently these guidelines 
were again updated and published in the 2009 International Clinical Practice Guidelines 
entitled Diagnosis, Prevention and Treatment of Catheter-Associated Urinary Tract Infections in 
Adults by the Infectious Diseases Society of America, led by Thomas Hooton and also by the 
CDC, entitled Guideline for Prevention of Cather Associated Urinary Tract Infections 2009, 
led by Carolyn Gould.  Although the IDSA guidelines do not specifically list indications for 
maintaining an indwelling catheter, it stresses the need for institutions to develop their own 
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In the acute care setting, many CA-UTIs account for many episodes of nosocomial 
bacteremia (Noelle, Strausbaugh, Garibaldi, 1996), (Saint, Kowalski, Kaufman, 2008).  CA-
bacteruria has important implications for the patients and should have high priority for 
infection control programs, not only for patient safety but cost issues as well. One cost 
analysis of UTIs estimated an additional expense ranging from $401 to $1, 727 per UTI 
(Tambyah, Knasinski, et al, 2002). Additional estimates have been as high as $3, 803 per 
infection (McConnel, 2000). In October 2008, The Centers for Medicare/Medicaid Services in 
the United States stopped reimbursement for healthcare acquired infections (Wald, Kramer, 
2007) (Beaver, 2008) (CMS, 2008).  Not surprisingly, the most effective way to reduce the 
incidence of CA-UTIs is removing the catheter promptly when it is no longer needed 
(Crouzet, Bertrand et al, 2007) (Infectious Diseases Society of America, 2009).  However, 
despite the overwhelming link between urinary catherization and subsequent UTI, US 
hospitals have not widely implemented strategies to reduce hospital-acquired UTIs.   
The NHSN created benchmarks for CA-UTIs based on similar hospitals. The benchmark for 
CA-UTI in the ICU was a rate of 4 per 1000 catheter days pooled from 300 hospitals in 2004 
(Edwards, Peterson, et al, 2007). In preparation for the new CMS guidelines for healthcare 
acquired infections, in 2007, PENN Presbyterian Medical Center in Philadelphia, 
Pennsylvania, launched a campaign to decrease the incidence of CA-UTIs by adopting a set 
of evidence based guidelines and studied the effects of these guidelines on the rate of CA-
UTIs in a pilot study done in one of the intensive care units. Before adopting these set of 
guidelines PENN Presbyterian Cardiac Care Unit had a CA-UTI rate of 13.1 in 2006 after 1 
year, following these guidelines, the rate dropped to 6.80 by the end of 2007.  Each of the 
University of Pennsylvania Hospitals adopted parts of these guidelines and made changes 
according to their specific patient populations. This chapter will outline what PENN 
Presbyterian did but will highlight some of the interventions utilized by all three hospitals. 
All three hospitals in the University of Pennsylvania Health System utilize the same order 
entry system therefore any changes in documentation were implemented in all three 
hospitals.  Committees in all three hospitals met on a quarterly basis to review interventions. 
The definition of practice guidelines are “systematically developed statements to assist 
practitioners and patients in making decisions about appropriate healthcare for specific 
circumstances. Attributes of high quality guidelines include validity, reliability, 
reproducibility, clinical applicability, clinical flexibility, clarity, multidisciplinary process, 
review of evidence and documentation. (IDSA, p 9. 2009).  Table 1 outlines the strength of 
recommendation and quality of evidence as described in 1970, by the Canadian Task Force 
on the Periodic Health Examination. Throughout the chapter, the practice guidelines 
discussed will be labeled with the strength of recommendation and quality of evidence as 
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defined by this table and recommendation from the Infectious Disease Society of America, 
the Centers for Disease Control and Prevention and the most current research. These 
guidelines will represent what was adopted by the University of Pennsylvania Health 
System over the past three years and also what has been studied and proven as well in these 
past three years since the original study that was done at PENN Presbyterian Center in 
2006-2007 
 

Table 1: Strength of Recommendation and Quality of Evidence 
Category/Grade                                                           Definition 
Strength of Recommendation 
a. Good Evidence to support a recommendation for or against use 
b. Moderate Evidence to support a recommendation for or against use 
c. Poor Evidence to support a recommendation for or against use 
 
Quality of Evidence 
i. Evidence from >1 properly randomized, controlled trial 
ii. Evidence from >1 well designed clinical trial, without randomization; from cohort or 

case-controlled analytic studies (preferably from >1 center); from multiple time-
series; or from dramatic results from controlled experiments  

iii. Evidence from opinions of respected authorities, based on clinical experience, 
descriptive studies or reports of expert committees 

 
 

Table 1. Defines the strength of recommendation and quality of evidence adapted from the 
Canadian Task Force on the Periodic Health Examination 1979.   

2. Indications for insertion and discontinuing indwelling catheters   
Indwelling catheters should be placed only when they are indicated (A-III, IDSA, 2009).  
Institutions should develop a list of appropriate indications for inserting indwelling 
catheters, educate staff about indications and periodically assess adherence to the 
institution-specific guidelines (A-III, IDSA, 2009).  Institutions should require an order in the 
chart before a catheter is placed (A-III, IDSA, 2009). Institutions should consider use of a 
portable bladder scanner to determine whether catherization is necessary for post- operative 
patient (B-II, IDSA, 2009).  
At PENN Presbyterian, criteria for maintaining indwelling catheters were placed in a set of 
practice guidelines originally in 2005 and again reviewed by the policy and procedure 
committee in 2008 and 2009. The maintenance criteria are listed below in Table 3. These 
guidelines were originally adapted from Wong and Hooton’s Guidelines for the Prevention of 
catheter-associated urinary tract infections from the Center for Disease Control and Prevention 
published in a landmark study in 1981, and modified in 2005. Most recently these guidelines 
were again updated and published in the 2009 International Clinical Practice Guidelines 
entitled Diagnosis, Prevention and Treatment of Catheter-Associated Urinary Tract Infections in 
Adults by the Infectious Diseases Society of America, led by Thomas Hooton and also by the 
CDC, entitled Guideline for Prevention of Cather Associated Urinary Tract Infections 2009, 
led by Carolyn Gould.  Although the IDSA guidelines do not specifically list indications for 
maintaining an indwelling catheter, it stresses the need for institutions to develop their own 
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set of criteria reducing the incidence of unnecessary catherizations making it a responsibility 
of the prescribers (physician, nurse practitioner, or physician’s assistant) to ensure that 
indwelling catheters are utilized appropriately.  In the CDC guidelines, listed below in table 
2 there are recommendation for insertion of catheters but they are based on expert opinion 
and are classified as category B-I (2009).   
 

Examples of Appropriate Indications for Indwelling Urethral Catheter Use 
1. Patient has acute urinary retention or bladder outlet obstruction  
2. Need for accurate measurement of urinary output in critically ill patients 
3. Perioperative use of selective procedures: 
-  Patients undergoing urologic surgery or other surgery on contiguous structures     
                  In the genitourinary tract 
 Anticipated prolonged procedure (catheters inserted for this reason should be taken out 
in the recovery room) 
Patients anticipated to receive large volume infusions or diuretics during surgery 
Need for intraoperative monitoring of urinary output 
4. To assist in healing of open sacral or perineal wounds in incontinent patients 
5. Patients requiring prolonged immobilization (i.e. potentially unstable thoracic or 

lumbar spine, multiple traumatic injuries such as pelvic fractures 
Examples of inappropriate use of catheters 

1. As a substitute for nursing care of the patient or resident with incontinence 
2. As a means of obtaining urine for cultures or other diagnostic test when the patient 

can voluntarily void  
3. For prolonged post-operative duration without appropriate indications (i.e. 

structural repair of urethra or contiguous structures, prolonged effect of epidural 
anesthesia etc.) 

 

Table 2. CDC: Guidelines for Prevention of Catheter-Associated UTIs 2009. 

3. Prevention of catheter-associated urinary tract infections 
There are many catheter factors that increase the risk for the development of CA-UTIs. Maki 
and Tambyah state that there are inherent risk factors that increase the risk for CA-UTIs in 
the acute care setting. These include being female, patients with other infections, major pre-
existing chronic illnesses such as diabetes, patients suffering from malnutrition, patients 
with chronic renal insufficiency, insertion of a catheter outside the operating room or late in 
hospitalization and using a catheter to measure urine output (2001).  The CDC suggests that 
the highest quality of evidence demonstrates that the elderly, those patients >70 years of 
age, patients with severe illness and finally those with prolonged catherization are at the 
highest risk for development of CA-UTI.  This section will define factors that have and can 
help prevent the development of CA- UTIs in the acute care setting. Table 4 lists PENN 
Presbyterian’s guidelines utilized to prevent catheter-associated urinary tract infections. 
Although most of these guidelines are based on research some guidelines in this table have 
been listed to help reduce the risk of CA-UTI development and may not have been proven 
by research but are supported by expert opinion and may need further research. These 
guidelines were adopted by PENN Presbyterian in 2006 and are continually reassessed 
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PENN Presbyterian Medical Center Practice Guidelines for Placement and 
Maintaining Indwelling Catheter: Nursing Management for the Prevention of 
Catheter-Associated Urinary Tract Infections May 2005, Updated February 2008, 
updated January 2009. 
1. Patients experiencing hemodynamic instability requiring intravenous vasoactive 

agents or aggressive intravenous fluid resuscitation for maintenance of blood 
pressure and/or cerebral perfusion 

2. Female patient with spinal radiographic studies that have not been cleared (thoracic 
or lumbar regions) 

3. Patients who are incontinent with skin breakdown in the buttocks, sacral region or 
perineum; as this puts patients at risk for further breakdown, contamination and/or 
infection or with existing stage 3 or 4 sacral wounds 

4. Patients who are deeply sedated (patients who are obtunded due to injury, illness or 
chemical induction). 

5. Patients with urological requirement for indwelling catheter (for example, patients 
who experience surgical disruption of the urinary tract system, or patient with actual 
or anticipated acute urinary retention due to bladder outlet obstruction or urethral 
strictures for whom medical intervention is necessary to drain urine). 

6. Patients who are post-operative and who will be immobile for 48 hours (indwelling 
catherization is only indicated for 48 hours) 

7. Patients admitted with chronic indwelling catheters already in place for the 
diagnosis of chronic urinary retention due to spinal cord injury or disease 

8. Patients who are made DNR-C with an indwelling catheter already in place (Do Not 
Resuscitate—Comfort Care only)  

9. Patients with acute urinary retention or bladder obstruction 
The following clinical situations are NOT automatic indications for placement of an 
indwelling urinary catheter 
1. Presence of an epidural catheter 
2. Diagnosis of acute or chronic renal failure 
3. Patients who require aggressive monitoring of input and output 
4. As part of the routine preparation for patients about to undergo surgical or other 

invasive procedures not otherwise excluded above 
 

Table 3. PENN Presbyterian Medical Center Administration Policy Manual: The Use of 
Indwelling Urinary Catheters: Policy # 11.147.  

yearly according to the latest evidenced- based research. This section will describe each 
guideline and how it was adopted into practice and describes changes made to practice 
since their introduction in 2006 and the strength of recommendation and quality of evidence 
described in the literature.  

3.1 Insertion/maintenance of indwelling catheter in acute care setting 
The CDC and IDSA make clear recommendations that indwelling catheters in the acute care 
setting should be placed using aseptic technique and sterile equipment (B-III, IDSA, 2009) 
(B-I, CDC, 2009). It is important that staff inserting catheters is properly educated and that 
return demonstration is conducted to ensure proper insertion to prevent CA-UTIs. It is also 
recommended that a closed catheter drainage system, with ports for aspiration in the distal 
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set of criteria reducing the incidence of unnecessary catherizations making it a responsibility 
of the prescribers (physician, nurse practitioner, or physician’s assistant) to ensure that 
indwelling catheters are utilized appropriately.  In the CDC guidelines, listed below in table 
2 there are recommendation for insertion of catheters but they are based on expert opinion 
and are classified as category B-I (2009).   
 

Examples of Appropriate Indications for Indwelling Urethral Catheter Use 
1. Patient has acute urinary retention or bladder outlet obstruction  
2. Need for accurate measurement of urinary output in critically ill patients 
3. Perioperative use of selective procedures: 
-  Patients undergoing urologic surgery or other surgery on contiguous structures     
                  In the genitourinary tract 
 Anticipated prolonged procedure (catheters inserted for this reason should be taken out 
in the recovery room) 
Patients anticipated to receive large volume infusions or diuretics during surgery 
Need for intraoperative monitoring of urinary output 
4. To assist in healing of open sacral or perineal wounds in incontinent patients 
5. Patients requiring prolonged immobilization (i.e. potentially unstable thoracic or 

lumbar spine, multiple traumatic injuries such as pelvic fractures 
Examples of inappropriate use of catheters 

1. As a substitute for nursing care of the patient or resident with incontinence 
2. As a means of obtaining urine for cultures or other diagnostic test when the patient 

can voluntarily void  
3. For prolonged post-operative duration without appropriate indications (i.e. 

structural repair of urethra or contiguous structures, prolonged effect of epidural 
anesthesia etc.) 

 

Table 2. CDC: Guidelines for Prevention of Catheter-Associated UTIs 2009. 

3. Prevention of catheter-associated urinary tract infections 
There are many catheter factors that increase the risk for the development of CA-UTIs. Maki 
and Tambyah state that there are inherent risk factors that increase the risk for CA-UTIs in 
the acute care setting. These include being female, patients with other infections, major pre-
existing chronic illnesses such as diabetes, patients suffering from malnutrition, patients 
with chronic renal insufficiency, insertion of a catheter outside the operating room or late in 
hospitalization and using a catheter to measure urine output (2001).  The CDC suggests that 
the highest quality of evidence demonstrates that the elderly, those patients >70 years of 
age, patients with severe illness and finally those with prolonged catherization are at the 
highest risk for development of CA-UTI.  This section will define factors that have and can 
help prevent the development of CA- UTIs in the acute care setting. Table 4 lists PENN 
Presbyterian’s guidelines utilized to prevent catheter-associated urinary tract infections. 
Although most of these guidelines are based on research some guidelines in this table have 
been listed to help reduce the risk of CA-UTI development and may not have been proven 
by research but are supported by expert opinion and may need further research. These 
guidelines were adopted by PENN Presbyterian in 2006 and are continually reassessed 
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PENN Presbyterian Medical Center Practice Guidelines for Placement and 
Maintaining Indwelling Catheter: Nursing Management for the Prevention of 
Catheter-Associated Urinary Tract Infections May 2005, Updated February 2008, 
updated January 2009. 
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3. Patients who are incontinent with skin breakdown in the buttocks, sacral region or 
perineum; as this puts patients at risk for further breakdown, contamination and/or 
infection or with existing stage 3 or 4 sacral wounds 

4. Patients who are deeply sedated (patients who are obtunded due to injury, illness or 
chemical induction). 

5. Patients with urological requirement for indwelling catheter (for example, patients 
who experience surgical disruption of the urinary tract system, or patient with actual 
or anticipated acute urinary retention due to bladder outlet obstruction or urethral 
strictures for whom medical intervention is necessary to drain urine). 

6. Patients who are post-operative and who will be immobile for 48 hours (indwelling 
catherization is only indicated for 48 hours) 

7. Patients admitted with chronic indwelling catheters already in place for the 
diagnosis of chronic urinary retention due to spinal cord injury or disease 

8. Patients who are made DNR-C with an indwelling catheter already in place (Do Not 
Resuscitate—Comfort Care only)  

9. Patients with acute urinary retention or bladder obstruction 
The following clinical situations are NOT automatic indications for placement of an 
indwelling urinary catheter 
1. Presence of an epidural catheter 
2. Diagnosis of acute or chronic renal failure 
3. Patients who require aggressive monitoring of input and output 
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Table 3. PENN Presbyterian Medical Center Administration Policy Manual: The Use of 
Indwelling Urinary Catheters: Policy # 11.147.  

yearly according to the latest evidenced- based research. This section will describe each 
guideline and how it was adopted into practice and describes changes made to practice 
since their introduction in 2006 and the strength of recommendation and quality of evidence 
described in the literature.  

3.1 Insertion/maintenance of indwelling catheter in acute care setting 
The CDC and IDSA make clear recommendations that indwelling catheters in the acute care 
setting should be placed using aseptic technique and sterile equipment (B-III, IDSA, 2009) 
(B-I, CDC, 2009). It is important that staff inserting catheters is properly educated and that 
return demonstration is conducted to ensure proper insertion to prevent CA-UTIs. It is also 
recommended that a closed catheter drainage system, with ports for aspiration in the distal 
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catheter, be utilized to decrease the frequency of breakage thus reducing the risk of CA-UTIs 
(A-III, IDSA, 2009). Although the usage of prepackaged preconnected systems is utilized at 
the University of PENN Health System, there is not enough evidence to support whether 
such systems reduce the incidence of CA-UTIs (IDSA, 2009). Although the CDC, states that 
sterile, continuously closed drainage systems became the standard of care based on an 
uncontrolled study published in 1966 demonstrating a dramatic reduction in the risk of 
infection in short-term catheterized patients with the use of a closed system. Recent data also 
include the finding that disconnection of the drainage system is a risk factor for bacteriuria 
(2009). It’s utilization at PENN has however decreased the incidence of breakage between 
the catheter and drainage system thus contributing to the lower incidence CA-UTIs.  

3.2 Assessing the need for indwelling catheter 
First and foremost is the duration of catherization that has been demonstrated to be the 
major independent risk factor for the development of CA-UTIs (Reilly, Sullivan, et al, 
2006).  Catheters left in place for >6 days have shown the most risk (Maki, Tambyah, 
2001,) (A-II, IDSA, 2009).  Indwelling catheters should be removed as soon as they are no 
longer required to reduce the risk of CA-UTIs (A-II, IDSA, 2009).  Institutions should 
consider nurse-based or electronic physician reminder systems to reduce inappropriate 
urinary catherization and CA-UTIs (A-II, IDSA, 2009). This intervention has been in place 
since February, 2008 at all three hospitals in the University of Pennsylvania Health 
System. Institutions should consider automatic stop orders to reduce inappropriate 
urinary catherization (B-I, IDSA, 2009).  An automatic stop order is placed in the 
University of Pennsylvania Health System order entry system after 48 hours reminding 
prescribers to reassess need for indwelling catheters then every 24 hours thereafter, which 
was introduced in February, 2010. Prescribers are stopped before any other order can be 
entered every 24 hours to address need for catheter and an option to place an order to 
discontinue the use of the catheter.  
Nurses are on the frontlines of direct patient care and are the cornerstone in implementing 
good practice. If nurses are taught to embrace the criteria for maintenance and understand 
how it affects patient care and safety, assessing the need for an indwelling catheter on a 
routine basis becomes an easy task. At PENN Presbyterian, the focus was on nursing 
practice, it is simple for prescribers to enter an order to discontinue the use of an indwelling 
catheter but it is up to administrators, educators and infection control experts to reinforce 
that with concept with the nursing staff and giving timely feedback about practice good or 
bad.  In an attempt to decrease the incidence of CA-UTIs, PENN Presbyterian’s Coronary 
Care Unit, utilized an audit tool (table 3) to identify gaps in care. Nurses were then educated 
during staff meeting or individually by clinical nurse specialists and infection control 
specialists about noncompliance or gaps in care according to the guidelines. With this audit 
tool, over time, nursing began to embrace their accountability in infection prevention. They 
soon developed the “less is more philosophy”. If nurses are convinced that they hold the 
key to prevention of CA-UTI typically they will embrace this concept as demonstrated in 
this pilot study (Gorman, 2009). Listed below is the audit tool used in Table 4. In addition, 
nursing was given monthly feedback about rates of infection in a monthly newsletter 
published by the infection control committee outlining infection rates.  

3.3 Proper hand hygiene 
It is not a new concept that proper hand hygiene before and after catheter care prevents the 
spread of infection. The Institution of Healthcare Improvement (IHI) 100,000 lives campaign 
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introduced “Bundles" in December 2004. A bundle is a term developed by the IHI as a way 
to describe a collection of interventions to effectively care for patients undergoing particular 
treatments with inherent risks (IHI, 2004). Hand hygiene compliance was on the top of the 
list as a way to prevent infections. The Joint Commission on Accreditation of Hospital 
Organizations (JCAHO) recognizes hand hygiene compliance as a patient safety goal in 
2004.  The Center for Disease Control lists recommendations for indications for hand 
hygiene, hand hygiene techniques, surgical antisepsis, and selection of hand hygiene agents, 
skin care, health care worker (HCW) education, administrative measures and other aspects 
of hand hygiene. Listed below in table 5, are recommendations, including before and after 
handling of catheters.  Because hand hygiene is the number one way to prevent the spread 
of any infection it was worth mentioning all the guidelines including those involved with an 
indwelling catheter. It can not be stressed enough that proper hand hygiene is the key 
element to infection prevention. Even if you have all other criteria in place if proper hand 
hygiene fails to be the number one priority, all other interventions to preventing infections 
are futile.  
Hand hygiene compliance was and continues to be tracked monthly as well at PENN 
Presbyterian by anonymous observers and reported to the infection control committee with 
a goal of 100% compliance. Observers were and are continued to be educated to give private 
negative feedback so to provide a positive environment to encourage learning versus 
discipline. PENN Presbyterian launched an education campaign surrounding hand hygiene 
in 2004. To improve hand hygiene compliance, alcohol based dispensers were placed 
strategically around the hospital for easy access. Compliance rates started at 50-60% but 
presently are >90%. Clear guidelines were addressed in polices surrounding when to use 
alcohol based gels versus soap and water. Staff was educated explicitly on these guidelines. 
These guidelines are specifically outlined by the CDC.  

3.4 Size/type of an indwelling urinary catheter    
Although the IDSA does not make any recommendations on the size of an indwelling 
catheter it is well documented in the literature as recommended by expert opinion that size 
does matter when preventing a CA-UTI. The prevailing guideline for catheter size is to use 
the smallest diameter that will provide good drainage, typically 14-18 French unless the 
patient has blood clots or sediment that occlude the lumen. Larger catheters are 
uncomfortable and can lead to urethral erosion and impair paraurethral gland function. The 
paraurethral glands produce mucous that protects against ascending bacteria. Compression 
of these glands can result in urethritis or ascending infection (Robinson, 2001, Newman, 
2007). At the University of Pennsylvania Health System, floors will only stock 14 French 
indwelling catheter insertion kits already attached to a drainage system. It avoids placement 
of any size catheter that happens to be available to staff. Specially required catheters are 
ordered from the store room if necessary, therefore careful thought must be taken before a 
larger catheter is necessary.  Only if there is leakage from the catheter will a larger catheter 
size be considered. The IDSA suggests that in patients with short-term indwelling catheters, 
antimicrobial, silver alloy or antibiotic-coated catheters may be considered to reduce or 
delay the onset of CA-UTIs (B-II, 2009).  In PENN Presbyterian, there was little difference in 
the rate of infection with or without the antibiotic coated catheters therefore the use was 
discontinued.  
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catheter, be utilized to decrease the frequency of breakage thus reducing the risk of CA-UTIs 
(A-III, IDSA, 2009). Although the usage of prepackaged preconnected systems is utilized at 
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introduced “Bundles" in December 2004. A bundle is a term developed by the IHI as a way 
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larger catheter is necessary.  Only if there is leakage from the catheter will a larger catheter 
size be considered. The IDSA suggests that in patients with short-term indwelling catheters, 
antimicrobial, silver alloy or antibiotic-coated catheters may be considered to reduce or 
delay the onset of CA-UTIs (B-II, 2009).  In PENN Presbyterian, there was little difference in 
the rate of infection with or without the antibiotic coated catheters therefore the use was 
discontinued.  
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PENN Presbyterian CCU Infection Control Audit (CA-UTI Section only)  2007 
 
Medical Record # _______________ 
Nurse Auditing ________________ 
Nurse Audited _________________ 
Date __________________________ 
 
Indwelling Catheter 
How many days in place _______       Size _____ 
Every shift needs assessment _________ 
Leg Strap in place ________ 
Bag below Level of bladder ________ 
Urinalysis/culture done on admission to CCU if from outside facility________ 
Where was the catheter placed?  ER     OR       OSH      CCU    Other ____ 
 
Reason for Indwelling Catheter Circle all that apply 
Obstruction/Retention      DNR-C (with catheter already in place),    
Hemodynamic instability     Stage 3 or 4 sacral wound      neurogenic  
bladder    obtunded/sedated/paralyzed       No reason discontinued catheter 
 
DNR-C (Do Not Resuscitate—Comfort care only) 
 
Infections Present on Admission Please Circle  
 
UTI             Pneumonia           Blood Stream Infection 

Table 4. PENN Presbyterian Nursing Audit Tool. 

 
Recommendation: Category 
1.  Indications for handwashing and hand antisepsis
d. When hands are visibly dirty or contaminated with proteinaceous 

material or are visibly soiled with blood or other body fluids, wash 
hands with either a non-antimicrobial soap and water or an 
antimicrobial soap and water. 

IA 

e. If hands are not visibly soiled, use an alcohol-based hand rub for 
routinely decontaminating hands in all other clinical situations 
described in 1C-J.   

f. Alternatively, wash hands with an antimicrobial soap and water in 
all clinical situations described in items 1 C-J. 

 
IA 
 
IB 

g. Decontaminate hands before having direct contact with patients. IB 
h. Decontaminate hands before donning sterile gloves when inserting a 

central intravascular catheter. IB 

i. Decontaminate hands before inserting indwelling urinary catheters, 
peripheral vascular catheters, or other invasive devices that do not 
require a surgical procedure. 

IB 
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Recommendation: Category 
j. Decontaminate hands after contact with a patient’s intact skin (e.g., 

when taking a pulse or blood pressure, and lifting a patient) IB 

k. Decontaminate hands after contact with body fluids or excretions, 
mucous membranes, nonintact skin, and wound dressings if hands 
are not visibly soiled. 

IA 

l. Decontaminate hands if moving from a contaminated-body site to a 
clean-body site during patient care. II 

m. Decontaminate hands after contact with inanimate objects (including 
medical equipment) in the immediate vicinity of the patient. II 

n. Decontaminate hands after removing gloves IB 
o. Before eating and after using a restroom, wash hands with a non-

antimicrobial soap and water or a non-antimicrobial soap and water. IB 

p. Antimicrobial-impregnated wipes (i.e., towelettes) may be 
considered as an alternative to washing hands with non-
antimicrobial soap and water.  Because they are not as effective as 
alcohol-based hand rubs or washing hands with an antimicrobial 
soap and water for reducing the bacterial counts on the hands of 
HCW’s, they are not a substitute for using alcohol-based hand rub or 
antimicrobial soap. 

IB 

q. Wash hands with non-antimicrobial soap and water or with 
antimicrobial soap and water it exposure to Bacillus anthracis is 
suspected or proven.  The physical action of washing and rinsing 
hands under such circumstances is recommended because alcohols, 
chlorhexidine, iodophors, and other antiseptic agents have poor 
activity against spores. 

II 

r. No recommendation can be made regarding the routine use of 
nonalcohol-based hand rubs for hand hygiene in health-care settings. 

Unresolved 
issue 

2.  Hand-Hygiene Technique 
a. When deconcontaminating hands with an alcohol-based hand rub, 

apply product to one hand and rub hands together, covering all 
surfaces of hands and fingers, until hands are dry.  Follow 
manufacturer’s recommendations regarding the volume of product 
to use. 

IB 

b. When washing hands with soap and water, wet hands first with 
water, apply an amount of product recommended by the 
manufacturer to hands, and rub hands together vigorously for at 
least 15 seconds, covering all surfaces of the hands and fingers.  Rinse 
hands with water and dry thoroughly with a disposable towel.  Use 
towel to turn off the faucet. 

c. Avoid using hot water, because repeated exposure to hot water may 
increase the risk of dermatitis. 

 
 
 
IB 
 
IB 

d. Liquid, bar, leaflet or powdered forms of plain soap are acceptable 
when washing hands with a non-antimicrobial soap and water.  
When bar soap is used, soap racks that facilitate the drainage and 
small bars of soap should be used. 

II 
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material or are visibly soiled with blood or other body fluids, wash 
hands with either a non-antimicrobial soap and water or an 
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IA 
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require a surgical procedure. 
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Recommendation: Category 
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when taking a pulse or blood pressure, and lifting a patient) IB 

k. Decontaminate hands after contact with body fluids or excretions, 
mucous membranes, nonintact skin, and wound dressings if hands 
are not visibly soiled. 

IA 

l. Decontaminate hands if moving from a contaminated-body site to a 
clean-body site during patient care. II 

m. Decontaminate hands after contact with inanimate objects (including 
medical equipment) in the immediate vicinity of the patient. II 

n. Decontaminate hands after removing gloves IB 
o. Before eating and after using a restroom, wash hands with a non-

antimicrobial soap and water or a non-antimicrobial soap and water. IB 

p. Antimicrobial-impregnated wipes (i.e., towelettes) may be 
considered as an alternative to washing hands with non-
antimicrobial soap and water.  Because they are not as effective as 
alcohol-based hand rubs or washing hands with an antimicrobial 
soap and water for reducing the bacterial counts on the hands of 
HCW’s, they are not a substitute for using alcohol-based hand rub or 
antimicrobial soap. 

IB 

q. Wash hands with non-antimicrobial soap and water or with 
antimicrobial soap and water it exposure to Bacillus anthracis is 
suspected or proven.  The physical action of washing and rinsing 
hands under such circumstances is recommended because alcohols, 
chlorhexidine, iodophors, and other antiseptic agents have poor 
activity against spores. 

II 

r. No recommendation can be made regarding the routine use of 
nonalcohol-based hand rubs for hand hygiene in health-care settings. 

Unresolved 
issue 

2.  Hand-Hygiene Technique 
a. When deconcontaminating hands with an alcohol-based hand rub, 

apply product to one hand and rub hands together, covering all 
surfaces of hands and fingers, until hands are dry.  Follow 
manufacturer’s recommendations regarding the volume of product 
to use. 

IB 

b. When washing hands with soap and water, wet hands first with 
water, apply an amount of product recommended by the 
manufacturer to hands, and rub hands together vigorously for at 
least 15 seconds, covering all surfaces of the hands and fingers.  Rinse 
hands with water and dry thoroughly with a disposable towel.  Use 
towel to turn off the faucet. 

c. Avoid using hot water, because repeated exposure to hot water may 
increase the risk of dermatitis. 

 
 
 
IB 
 
IB 

d. Liquid, bar, leaflet or powdered forms of plain soap are acceptable 
when washing hands with a non-antimicrobial soap and water.  
When bar soap is used, soap racks that facilitate the drainage and 
small bars of soap should be used. 

II 
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Recommendation: Category 
e. Multiple-use cloth towels of the hanging or roll type are not 

recommended for use in health-care settings. II 

3.  Surgical Hand Antisepsis 
a. Remove rings, watches, and bracelets before beginning the surgical 

hand scrub. II 

b. Remove debris from underneath fingernails using a nail cleaner 
under running water.   II 

c. Surgical hand antisepsis using either an antimicrobial soap or an 
alcohol-based hand rub with persistent activity is recommended 
before donning surgical gloves when performing surgical 
procedures. 

IB 

d. When performing surgical hand antisepsis using an antimicrobial 
soap, scrub hands and forearms for the length of time recommended 
by the manufacturer, usually 2-6 minutes.  Long scrub times (e.g., 10 
minutes) are not necessary. 

IB 

e. When using an alcohol-based surgical hand scrub product with 
persistent activity, follow the manufacturer’s instructions.  Before 
applying the alcohol solution, prewash hands and forearms 
completely.  After application of the alcohol-based product as 
recommended, allow hands and forearms to dry thoroughly before 
donning sterile gloves. 

IB 

4.  Selection of Hand Hygiene Agents 
a. Provide personnel with efficacious hand-hygiene products that have 

low irritancy potential, particularly when these products are used 
multiple times per shift.  This recommendation applies to products 
used for hand antisepsis before and after patient care in clinical areas 
and to products used for surgical hand antisepsis by surgical 
personnel. 

IB 

b. To maximize the acceptance of hand-hygiene products by HCWs, 
solicit input from these employees regarding the feel, fragrance, and 
skin tolerance of any products under consideration.  The cost of 
hand-hygiene products should not be the primary factor for 
influencing product selection. 

IB 

c. When selecting non-antimicrobial soaps, antimicrobial soaps, or 
alcohol-based hand rubs, solicit information from the manufacturers 
regarding any know interactions between products used to clean 
hands, skin care products, and the types of gloves used in the 
institution. 

II 

d. Before making purchasing decisions, evaluate the dispenser systems 
of various product manufacturers or distributors to ensure that 
dispensers function adequately and deliver an appropriate volume of 
product. 

II 

e. Do not add soap to a partially empty soap dispenser.  This practice of 
“topping off” dispensers can lead to bacterial skin contamination. IA 
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Recommendation: Category 
5.  Skin Care 
a. Provide HCWs with hand lotions or creams to minimize the 

occurrence of irritant contact dermatitis associated with hand 
antisepsis or hand washing. 

IA 

b. Solicit information from the manufacturers regarding any effects that 
hand lotions, creams or alcohol-based hand antiseptics may have on 
the persistent effects of antimicrobial soaps being used in the 
institution. 

IB 

6.  Other Aspects of Hand Hygiene 
a. Do not wear artificial fingernails or extenders when having direct 

contact with patients at high risk (e.g., those in intensive-care units or 
operating rooms) 

IA 

b. Keep natural nail tips less than ¼ inch long. 
c.  II 

d. Wear gloves when contact with blood or other potentially infectious 
materials, mucous membranes, and non-intact skin should occur. IC 

e. Remove gloves after caring for the patient.  Do not wear the same 
pair of gloves for the care of more than one patient, and do not wash 
gloves between uses with different patients. 

IB 

f. Change gloves during patient care if moving from a contaminated 
body site to a clean body site. II 

g. No recommendation can be made regarding rings in health-care 
settings. 

Unresolved 
issue 

7.  Health-care Worker Educational and Motivational Programs 
a. As part of an overall program to improve hand-hygiene practices of 

HCWs, educate personnel regarding the types of patient-care 
activities that can result in hand contamination and the advantages 
and disadvantages of various methods used to clean their hands. 

II 

b. Monitor HCWs adherence with recommended hand-hygiene 
practices and provide personnel with information regarding their 
performance. 

IA 

c. Encourage patients and their families to remind HCWs to 
decontaminate their hands. II 

8.  Administrative Measures 
a. Make improved hand-hygiene adherence an institutional priority 

and provide appropriate administrative support and financial 
resources. 

IB 

b. Implement a multidisciplinary program to improve hand-hygiene 
adherence of health personnel to recommended hand-hygiene 
practices.  

IB 

c. As part of a multidisciplinary program to improve hand-hygiene 
adherence, provide HCWs with a readily accessible alcohol-based 
hand rub product. 

IA 
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Recommendation: Category 
d. To improve hand-hygiene adherence among personnel who work in 

areas in which high workloads and high intensity of patient care are 
anticipated, make alcohol-based hand rub available at the entrance to 
the patient’s room or at the bedside, in other convenient locations, 
and in individual pocket-sized containers to be carried by HCWs. 

IA 

e. Store supplies of alcohol-based hand rubs in cabinets or areas 
approved for flammable materials. IC 

Morbidity and Mortality Weekly Report (MMWR). Recommendations and Reports.  October 25, 2002.  
Vol. 51, No. RR-16 

Table 5. Centers for disease control and prevention. 

3.5 Catheter securement 
Although the IDSA does not make recommendations concerning the routine securement of 
indwelling catheters it is documented in the literature and has been apart of the practice in 
the University of PENN Health system. Unsecured catheters can lead to bleeding, trauma, 
pressure sores around the meatus and bladder spasms from pressure and traction 
(Hanchett, 2002). It has been recommended in the literature that the catheter be secured to 
the thigh for women and to the upper thigh or lower abdomen for men. The lower 
abdominal position in men decreases the potential for pressure necrosis and urethral erosion 
at the penile-scrotal junction (Cancio, Sabanegh et al, 1993).  PENN Presbyterian utilizes a 
Velcro catheter strap around the thigh. If a patient’s thigh exceeds the size limit, metapore or 
paper tape is used to keep the catheter in place. Both methods of securement are changed 
when visibly soiled, also skin assessment under each method of securement is done during 
each shift or whenever necessary to prevent skin breakdown or pressure sores.  

3.6 Catheter position and drainage 
Again, the IDSA does not comment on the position of the catheter but suggestions  from 
literature have commented however that the position of the catheter is important for the 
prevention of CA-UTI. The University of PENN Health System has utilized this advice by 
expert opinion and has incorporated into their practice. Studies have demonstrated that 
retrograde flow of bacteria from the urine drainage bag to be a major source of bacterial 
contamination. A study by Maki et al, found that by allowing the tubing to drop lower than 
the drainage bag was associated with a significant increase risk of CA-UTI (Smith, 2007). 
Recently drainage bags are designed with either an anti-reflux valve or anti-reflex chamber 
to prevent reflux of contaminated urine from the bag back into the tubing and ultimately 
into the patient. Even with the new design, the University of PENN Health System believes 
that keeping the bag below the level of the bladder is important in the prevention of CA-
UTIs (B-I, CDC, 2009).  Also included into practice is not allowing the outlet tube to touch 
the floor or inner aspects of the drainage container to prevent contamination. Keeping the 
bag empty to avoid traction on the catheter from the weight of the bag is also an important 
part of routine practice especially when transporting patients. Finally, preventing cross 
contamination by positioning the drainage bag on opposite sides of any fecal management 
system drainage bag. 
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3.7 Meatal care 
Routine care of the perineum seems obvious. Cleansing the perineum with soap and water 
after a bowel movement and wiping from front to back especially in female patients 
decreases the risk of stool contamination. PENN Presbyterian uses disposable wash cloths 
and non risible spray soap and educates staff to utilize multiple cloths when cleaning. Staff 
is educated to clean the catheter with new pair of clean gloves after a bowel movement. The 
motion that is advised is moving away from the meatus down the catheter towards the 
drainage bag. The staff is also encouraged to clean the catheter whenever visibly soiled. 
Enhanced meatal care with povidone-iodine solutions, silver sulfadiazine, polyantibiotic 
ointment or cream or green soap and water is not recommended by the IDSA to reduce CA- 
bacteriuria (A-I, 2009).  

3.8 Assessing for CA-UTI 
Guidelines have changed over the past couple of years as to assessing appropriately for the 
presence of a CA-UTI. In January, 2010, the University of PENN Health System has 
developed a new procedure to asses the presence of a CA-UTI as recommended by the CDC 
to assure that false-positive CA-UTI are minimized. If the patient has a catheter in place and 
develops signs and symptoms of an infection, such as leukocytosis, and fever, and there is 
no other obvious source for infection, a urinalysis is sent. If the urinalysis demonstrates >5-
10 WBCs, and the catheter is greater than 24 hours old, the catheter is changed and a new 
urinalysis is obtained. The reason a catheter needs to be changed is that catheters become 
encrusted overtime with a biofilm which may be interpreted as an active infection and lead 
to the misuse of antibiotic therapy (Marklew, 2004). If the urinalysis is still positive after the 
change, then a urine culture is sent off of the new catheter by aspirating from the port after 
cleaning with an alcohol swab.  If the patient is symptomatic with new symptoms such as 
abdominal pain, dysuria, urgency or flank pain then the catheter should be changed 
immediately prior to initiating antimicrobial therapy to prevent resistance and a culture is 
then obtained as outlined above and treated accordingly. Unfortunately, most signs and 
symptoms in CA-UTIs are nonspecific and place a burden on the clinician who wishes to be 
diligent about antimicrobial therapy. IDSA suggest a new algorithm for catheterized 
patients in long-term care facilities. Use of this method has resulted in no adverse events 
and has been shown to decrease the use of antimicrobial prescriptions (2009). Symptoms 
appropriate for obtaining culture and initiating antimicrobial therapy include new 
costovertebral tenderness, rigors or new onset of delirium (2009). If a patient develops 
hemodynamic instability as in a drop in blood pressure, a broad-spectrum antibiotic is also 
initiated then narrowed when culture data is available.  The IDSA does not have a specific 
algorithm for hospitalized patients.  

4. Other considerations for introduction or deletion into practice based on 
literature and research 
The University of PENN Health System continually looks at ways to decrease the incidence 
of CA-UTIs. This section will describe other recommendations for future practice.  

4.1 Catheter irrigation 
Periodic irrigation is intended to prevent catheter obstruction and infection.  Catheter 
encrustation occurs in 50% of long-term indwelling catheters and can lead to many 
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Recommendation: Category 
d. To improve hand-hygiene adherence among personnel who work in 

areas in which high workloads and high intensity of patient care are 
anticipated, make alcohol-based hand rub available at the entrance to 
the patient’s room or at the bedside, in other convenient locations, 
and in individual pocket-sized containers to be carried by HCWs. 

IA 

e. Store supplies of alcohol-based hand rubs in cabinets or areas 
approved for flammable materials. IC 

Morbidity and Mortality Weekly Report (MMWR). Recommendations and Reports.  October 25, 2002.  
Vol. 51, No. RR-16 

Table 5. Centers for disease control and prevention. 
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emergency room visits and frequent catheter changes (Getliffe, 2003).  Encrustation is 
caused by infection of the urinary tract by Proteus mirabilis or other urease-producing 
bacteria (Smith, 2007). The activity of the urease-producing bacteria raises the ph >7, causing 
precipitation of calcium and magnesium phosphates that attach to biofilm on the catheter 
inner and outer surfaces. Studies have demonstrated that antibiotics or antiseptic solutions 
are ineffective at eradicating biofilms (Stickler, Hewitt, 1991).  Current recommendations or 
management of the encrustation and blockage include inspecting and palpating the catheter 
for signs of encrustation, scheduling catheter changes based on blocking history, (i.e. usual 
time to blockage), increasing fluid intake, keeping extra catheter kits available (Smith, 2007).  
At PENN Presbyterian, routine irrigation is not performed on indwelling catheters unless 
indicated and there are signs and symptoms of blockage (i.e. bladder distention, obvious 
clots). If blockage is suspected, a bladder scan is performed and irrigation is done at the site 
of the aspiration port. Although, utilizing a bladder scanner is not entirely proven in 
research it helps guide clinicians identifying bladder volumes. At PENN Presbyterian, a 
hemostat is placed on the tubing distal to the port the port is cleaned with alcohol and 
syringe filled with sterile saline is instilled into the port. If blockage is significant the entire 
catheter is changed, and a larger catheter is chosen. If blockage is still occurring even after 
the change in catheter Urology is then consulted for further evaluation and need of a closed 
irrigation system is specifically addressed.  

4.2 Routine catheter change 
Data is still insufficient to make recommendations as to whether routine catheter change in 
patients with long-term indwelling catheters reduces the risk of CA-UTIs.  Catheters are 
often changed at routine intervals to prevent CA-UTIs but its practice is not evidenced-
based (IDSA, 2009). At PENN Presbyterian, routine catheter change is not practiced nor 
recommended by the infection control committee.  

4.3 Bladder scanners 
The use of bladder scanners has become standard at PENN Presbyterian. Bladder scanners 
are present on each nursing unit to help prevent unnecessary catheter insertion. Most 
recently in 2009, The Michigan Health and Hospital Association Keystone Center for Patient 
Safety and Quality has initiated a statewide initiative to decrease the incidence of CA-UTI 
through the use of a “bladder bundle” (Saint, Olmsted, et al, 2009). As previously described, 
a bundle is a term developed by the IHI, as a way to describe a collection of interventions to 
effectively care for patients undergoing particular treatments with inherent risks (IHI, 2004).  
Their Bladder Bundle included 5 interventions, including bladder ultrasound to avoid 
unnecessary indwelling catherization. The CDC considers using a portable ultrasound 
device to assess urine volume in patients undergoing intermittent catheterization to assess 
urine volume and reduce unnecessary catheter insertions (A-II, 2009).  They also suggest 
that further research is needed on the use of a portable ultrasound device to evaluate for 
obstruction in patients with indwelling catheters and low urine output. (2009).  The use of 
bladder scanners at PENN Presbyterian has specifically been utilized  in those patients that 
have had invasive procedures done and that have not voided in 6-8 hours post procedure to 
assess for acute urinary retention has been instrumental in preventing unnecessary 
catherization. It also has helped assess the need for reinsertion of indwelling catheters when 
they have been removed. What needs to be considered is the amount of urine present to 
prompt catherization. Currently it is up to the prescriber to determine the amount of urine 
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which prompts the use of a catheter at PENN Presbyterian. At the Hospital of the University 
of Pennsylvania, staff utilizes an algorithm, which is depicted below in Table 6. It has 
assisted the nursing staff in the unnecessary use of indwelling catheters by utilizing the use 
of a portable bladder scanner. It is important that all staff is educated in the use of a bladder 
scanner to ensure its proper use. 

4.4 Alternative to indwelling catheters 
The CDC makes recommendations to consider the use of external catheters as an alternative 
to indwelling urethral catheters in cooperative male patients without urinary retention or 
bladder outlet obstruction (II, 2009).  They also suggest intermittent catherization in spinal 
cord injury patient and in patients with bladder emptying dysfunction instead of the use of 
suprapubic catheters (II, 2009). Further research is recommended regarding the risks and 
benefits of suprapubic catheters as an alternative to indwelling catheters in selected patients 
requiring short or long term catherization, especially with respect to complications related 
to catheter insertion or the catheter site. 
 

 
Table 6. Hospital of the University of Pennsylvania NURSING 4C-03-06 Nursing Practice 
Manual Clinical Practice Policy/Procedure Bladder Scanner. Patraca, K. (2005) Measure 
bladder volume without catheterization. Nursing 2005, 35 (4), 46-47. (PVR: post-void 
residual, IUC: Indwelling Urinary Catheter) 
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that further research is needed on the use of a portable ultrasound device to evaluate for 
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they have been removed. What needs to be considered is the amount of urine present to 
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of a portable bladder scanner. It is important that all staff is educated in the use of a bladder 
scanner to ensure its proper use. 

4.4 Alternative to indwelling catheters 
The CDC makes recommendations to consider the use of external catheters as an alternative 
to indwelling urethral catheters in cooperative male patients without urinary retention or 
bladder outlet obstruction (II, 2009).  They also suggest intermittent catherization in spinal 
cord injury patient and in patients with bladder emptying dysfunction instead of the use of 
suprapubic catheters (II, 2009). Further research is recommended regarding the risks and 
benefits of suprapubic catheters as an alternative to indwelling catheters in selected patients 
requiring short or long term catherization, especially with respect to complications related 
to catheter insertion or the catheter site. 
 

 
Table 6. Hospital of the University of Pennsylvania NURSING 4C-03-06 Nursing Practice 
Manual Clinical Practice Policy/Procedure Bladder Scanner. Patraca, K. (2005) Measure 
bladder volume without catheterization. Nursing 2005, 35 (4), 46-47. (PVR: post-void 
residual, IUC: Indwelling Urinary Catheter) 



 
Urinary Tract Infections 

 

148 

5. Conclusion 
Although great strides in the prevention of CA-UTIs have been made, research still needs to 
be done to solve unanswered questions and problems surrounding CA-UTI.  Specifically, 
around good practice and prevention, focusing on first, if a catheter is necessary, if so, then 
steps taken to continually assess the need for an indwelling catheter at least daily if not 
more often, the use of alternative approaches and adherence to good infection control 
practices, including proper hand hygiene.  .  
 

Urinary Tract Infection FY05 FY06 FY07 FY08 FY09 FY10

FY11 
Annualized 

YTD
FY11 
YTD FY11Q1 FY11Q2 Jan-11 Feb-11 Mar-11 FY11Q3

number
HUP 716 758 717 709 381 236 500 250 48 49 6 13 9 28
PAH 150 161 63 30 80 40 9 5 4 1 1 6
PPMC 53.00 35.00 71 20 40 20 4 3 0.00 3.00 3

UPHS 716 758 920 905 515 286 620 310 61 57 10 17 10 37
denominator

HUP 48,424 51,495 51,441 52,712 45,405 45,733 131,252 65,626 10909 11095 3,713 3,337 3,759 10809
PAH 24,160 23,848 22,249 21,339 60,908 30,454 5081 5022 1,871 1,566 1,687 5124
PPMC 5,396 5,262 10,548 11,803 29,028 14,514 2806 2644 870 937 1807

UPHS 48,424 51,495 80,997 81,822 78,202 78,875 221,188 110,594 18796 18761 6,454 5,840 5,446 17740

Urinary Tract Infection Rate FY05 FY06 FY07 FY08 FY09 FY10

FY11 
Annualized 

YTD
FY11 
YTD FY11Q1 FY11Q2 Jan-11 Feb-11 Mar-11 FY11Q3

HUP 14.79 14.72 13.94 13.45 8.39 5.16 3.81 3.81 4.40 4.42 1.62 3.90 2.39 2.59
PAH 6.21 6.75 2.83 1.41 1.31 1.31 1.77 1.00 2.14 0.64 0.59 1.17
PPMC 9.82 6.65 6.73 1.69 1.38 1.38 1.43 1.13 0.00 3.20 1.66

UPHS 14.79 14.72 11.36 11.06 6.59 3.63 2.80 2.80 3.25 3.04 1.55 2.91 1.84 2.09

 
Table 7. UPHS CAUTI rates from Fiscal Year 2005-2011.  
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Table 7-7a. Reproduced with permission from the (UPHS) University of Pennsylvania 
Health System Infection Control Department 2011 (HUP): Hospital of the University of 
Pennsylvania, (PAH): Pennsylvania Hospital, (PPMC): Penn Presbyterian Medical Center. 
Rate per 1000 catheter days, (FY) Fiscal Year, (Q) Quarter 
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The focus also needs to be on continually reassessing gaps in care and re-educating staff as 
the need arises. Table 7 and 7a depicts the rates of CA-UTI since 2005 in all three University 
of Pennsylvania Health System hospitals. The rates of CA-UTIs started at about 6-15 
infections in 1000 catheter days in 2005 and have been progressively going down over the 
past seven years to a rate of 0-2 infections in 1000 catheter days.  Which demonstrates with 
hard work and perseverance rates can come down 
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1. Introduction  
The number of catheter associated urinary tract infections (CAUTIs) increases every year. 
The increasing number of CAUTIs bears on fact that urinary catheters became second most 
often used foreign body inserted into human body. Over 40% of nosocomial infections are 
infections of urinary tract, especially infections of catheterised patients (Gorman & Jones, 
1991). Despite good aseptic management, circa 50% of patients have bacteriuria in first  
10–14 days of catheterisation (Morris & Stickler, 1998). The risk of urinary tract infections is 
significantly higher in long-term inserted catheters (28 days); the percentage of infected 
catheters in these patients gets near to 100% (Morris & Stickler 1998).  
The high number of CAUTIs is associated with biofilm mode of growth of microbes. The 
biofilm mode of growth is advantageous from several reasons. The artificial surface of the 
implants facilitates adhesion of bacteria, which can therefore form biofilm. The bacteria in 
biofilm are protected against drying, mechanical damage and other influences of the outer 
environment. In the human body the bacteria in biofilm are protected against the immunity 
system and antibiotic treatment (Stewart & Costerton, 2001). The higher resistance of biofilm 
bacteria to antimicrobials is a serious problem and the reason of common therapy failure. The 
extracellular polysaccharide matrix plays the key role in the resistance of biofilm to the 
antibiotics. It prevents the diffusion of the antibiotics to the bacterial cells, it is the reason of the 
higher concentration of antibiotic-reducing enzymes in the bacterial surroundings and it 
partakes on the change of microenvironment in the deeper layers of biofilm. These features 
play an important role in antibiotics resistance because the low pH reduces effect of some 
antibiotics (such as aminoglycosides) and the nutrition and oxygen deficiency leads to the 
growth stasis of bacteria (e.g. the beta-lactam antibiotics become ineffective).  
The biofilms grow easily also on the surface of other implants, such as venous, prosthetic of 
heart valves, orthopaedic devices etc. (Stewart et al., 2001). It’s estimated, that biofilms are 
associated with about 65 % of nosocomial infections (Licking 1999). 
With the inserted catheter, the bacteria can more easily attack urinary tract and urinary 
bladder (Tunney et al., 1999). There are also other complications that are linked with 
bacterial colonisation of urinary tract and catheters, e.g. blockage of catheters with crystallic 
deposits of bacterial origin, generation of gravels and pyelonephritis (Gorman & Tunney, 
1997). The obstruction of the urine flow in catheters with crystallic deposits meets circa 
50% of long-term catheterised patients; and there is no method of prevention of these 
deposits nowadays. Except of crystallic deposits that are result of metabolic dysfunction, 
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there are also crystallic deposits of bacterial origin, caused mainly by urease-positive species 
of bacteria. The bacteria account to 15-20% of all gravels and these gravels are often 
connected with biofilm colonisation of long-term inserted urinary catheter or stent.  

1.1 Colonisation of urinary catheters with biofilm-positive microbes 
Adhesion of bacteria to the catheter depends on many factors, e.g. surface charge, 
hydrophobicity or hydrophility of the catheter and bacterial cell, on specific genes for 
adhesion etc. (Liedl, 2001). The risk of infection depends on the length of catheterisation and 
catheter management.  

1.1.1 Intermittent catheterisation and risk of urinary infections 
In patients with single or intermittent catheterisation is the risk of UTI significantly lower in 
comparison with indwelling catheters (Gorman & Jones, 1991). Many studies showed that 
intermittent catheterisation decreases risk of UTI up to 50% in comparison with indwelling 
catheterisation and is the preferred method of bladder drainage (Perkas & Giroux, 1993; de 
Ruz et al., 2000; Larsen et al., 1997; and others). However, intermittent catheterisation can be 
cause of urethral trauma or stricture, hematuria, epididymitis in men, and other 
complications. As far as sterile intermittent catheterisation (SIC) and clean intermittent 
catheterisation (CIC) are concerned, the US National Institute on Disability and 
Rehabilitation Research published that the CIC does not pose a greater risk of infection than 
SIC and is much more economic (NIDRR, 1993). Many studies reported CIC to be as safe as 
SIC (Lemke et al., 2005; King et al., 1992; and others) and the CIC is widely accepted to be 
appropriate method of catheterisation. However, the SIC is essential in the hospital setting 
because of the presence of wide spectrum highly antibiotic-resistant pathogens.   
The bacteria that are present in the bladder during intermittent catheterisation reach only low 
numbers and the stream of the urine does not allow them to adhere. It is assumed, that most of 
the bacteria are flushed away with the urine and the rest is killed by immune system.  

1.1.2 Long-therm catheterisation and risk of urinary infections 
The presence of catheter in urinary tract facilitates the bacterial adhesion and colonisation of 
this niche. The permanent presence of artificial surface help bacteria to colonise the urinary 
system in the short- and long-term indwelling catheters. 
In long-term catheterised patients (weeks or longer), e.g. in patients with chronic urinary 
incontinence, chronic obstruction of urinary tract or neurogenic urinary bladder, the 
bacteriuria is common; the number of bacteria in one millilitre of the urine is commonly 
higher that 105 (Mobley & Warren, 1987). Nevertheless, the CAUTI are rarely associated 
with significant clinical symptoms and more than 90% of these infections are asymptomatic 
(Tambyah & Maki, 2000). It is widely accepted that such colonisation of the catheter 
(without signs of pyelonephritis or septicaemia) is not necessary to treat (Warren, 1994). The 
colonisation of the catheter often cannot be proved by common cultivation of catheterised 
urine, but it can be proved by the cultivation of extracted catheter. The results of the study 
of Farsi et al. (1995) show the difference between bacteriuria (present only in 30% of 
patients) and real colonisation of the catheter (present in 68% of the same set of patients). 
There are three main ways, how the bacteria can reach the urinary bladder of long-term 
catheterised patients – bringing the bacterial contamination during insertion of the catheter; 
extraluminar migration of the bacteria present in urethra; and migration of bacteria in the 
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lumen of the catheter from contaminated drainage system. The intraluminar invasion to the 
urinary tract is faster (32-48 hrs) in comparison with extraluminar (72-168 hrs). The 
intraluminar upstream movement of Pseudomonas aeruginosa was 1-2 cm per hour (Nickel 
et al., 1985).  
The longer has the patient catheter, the higher diversity shows the biofilm microflora. 
Catheter infections of urinary tract are caused most commonly by faecal microflora - gram-
negative rods (Escherichia coli, Klebsiella pneumoniae, Enterobacter sp., Pseudomonas aeruginosa, 
Proteus mirabilis etc.) and enterococci (esp. Enterococcus faecalis) (Tenke et al., 2006). Less 
often the urinary infections cause other species of bacteria, e.g. Staphylococcus epidermidis, 
Streptococcus agalactiae, and yeasts (Candida albicans). Higher pathogenicity of these microbes 
is caused by the presence of many virulence factors, esp. the ability to form biofilm, the 
ability to co-aggregate or ability to withstand effect of antibiotics. Some of uropathogenic 
bacteria, those with hydrophobic surface, adhere better to hydrophobic materials of 
catheters (e.g. Enteroccus faecalis), some other, which are rather hydrophilic, adhere better to 
hydrophilic surfaces of catheters (e.g. Escherichia coli). 
The diversity of the microbial biofilm can be shown by the use of sonication techniques, as 
discussed further. The sonication of catheters followed by isolation, determination and 
biofilm assessment of particular microbial strains can discriminate particular causative 
agents of infections of urinary tract and their importance as biofilm-formers in the microbial 
community of the urinary catheter. The examination of other virulence factors, e.g. different 
types of motility, urease production etc., also helps with interpretation of importance of 
particular strains.  

1.2 Bacterial encrustation and mineralization of biofilm on catheters 
Clinical complication of the CAUTIs is obstruction of the urinary flow in the catheters by 
crystallic deposits. The problem of crystallic deposits meet c. 50% of long-term catheterised 
patients (Getliffe & Mulhall, 1991); and there is no method of prevention of these deposits 
nowadays (Stickler et al., 2002). The manipulation with the catheter with crystallic deposits, 
thus even its removal, traumatizes the mucosa of the urinary bladder and urethra which 
helps to further bacterial colonisation of the mucosa of urinary tract. 
Crystallic deposits can evolve by several mechanisms in the urinary tract, and be of different 
composition. In practice there are five types of crystallic deposits. There are deposits on the 
basis of uric acid, calcium oxalate, calcium phosphate, cystine, and magnesium ammonium 
phosphate (MgNH4PO4*6H2O). Calcium phosphate encrustation may present as brushite 
(CaHPO4), hydroxyapatite [Ca10(PO4)6(OH)2], or carbonate-apatite [Ca10(PO4)6CO3] 
complexes. The first four types listed are often referred to as metabolic encrustation, as they 
normally result from metabolic dysfunction, whereas magnesium ammonium phosphate 
encrustation (struvite) has an infectious origin (Tunney et al. 1999, as cited in 
Gorman & Jones 2003). Urinary stones of microbial origin are often associated with long-
term inserted catheters and form approx. 15 – 20% of all urinary stones. 
Morris & Stickler (1998) described origin of microbial crystallic deposits by several phases:  
 Infection of urinary tract by urease-positive bacteria 
 Bacterial adhesion to the catheter surface and biofilm formation 
 Increase of the pH of the urine by reason of present bacteria 
 Chemical interactions of negatively charged matrix of the biofilm with positively 
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 Crystallization of calcium and magnesium phosphates 
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there are also crystallic deposits of bacterial origin, caused mainly by urease-positive species 
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One of the factors, leading to the urinary stone formation, is colonisation of the catheter by 
urease-positive bacteria (Cox et al., 1989; Morris et al., 1999). Urease, main reason of 
incrustations on the catheters, is produced by approx. 200 bacterial species. From the point 
of view of the CAUTIs, the most clinically significant are Proteus vulgaris (urease produce 
>90% of strains), Morganella morganii (>90%), Providencia stuarti (>90%), Klebsiella pneumoniae 
(>60%), Pseudomonas aeruginosa (>30%) and Serratia marcescens (~29%).  
The present urease hydrolyses urea and increases pH of urine. Urine analysis of patients 
with heavy mineral deposits showed its increased pH. The magnesium ammonium 
phosphate and hydroxyapatite were present in higher amounts (Keane et al., 1994). 
Chemically, the change of urine pH and formation of crystallic deposits has several steps 
(Griffith 1978, as cited in Gorman & Jones, 2003). The urease hydrolyses urea and catalyses 
formation of ammonium and carbon dioxide (1). The ammonium becomes ammonium ion 
in neutral or slightly acidic pH (pH of normal urine); which induces alcalization of the 
urine (2). Carbon dioxide reacts with water and forms carbonic acid (3). Depending on the 
pH of the urine, the carbonic acid may dissociate (4). 

 NH2CONH2 + H2O  2NH3 + CO2  (1) 

 NH3 + H2O  NH4
+ + OH -  (2) 

 CO2 + H2O  H2CO3  (3) 

 H2CO3 ↔ HCO3
-+ H+ ↔ CO3

2- + H+ (4) 

Production of ammonium leads to increase of pH and precipitation of poorly soluble 
magnesium and calcium salts in form of magnesium ammonium phosphate, 
hydroxyapatite, and carbonite apatite, which leads to crystalline formation 
(Gorman & Tunney, 1997; McLean et al., 1991). The mineral deposits, formed on the basis of 
microbial infection, are mineralised biofilms, so the process of biofilm formation is also 
process of crystalline deposits formation.  Urethral stents, which enable urinary drainage in 
patients with obstructive uropathy, meet same problems with crystallic deposits and biofilm 
formation as urinary catheters, especially in patients with long-term stent drainage. 
According to Keane et al. (1994), nearly 75% of stents gets obstructed within 24 weeks from 
insertion. The formation of crystallic deposits and stones on the surface of these devices is 
the main problem of their management (Choong et al., 2001). These deposits may lead to 
obstruction of the lumen of catheter or stent, to the retention of urine, bacteriuria, and rarely 
to other complications, such as pyelonephritis and septicaemia. Moreover, the hardness of 
the crystals of these deposits (c. 5 according to Mohr’s scale) may lead to permanent damage 
of urethral epithelium. 
Important role in the mineral deposit formation have the bacterial capsule and other extra-
cellular polysaccharides. The chemical interactions and polarization between negatively 
charged biofilm matrix and positively charged calcium and magnesium ions lead to over-
saturation of the environment by these ions in the close proximity of the biofilm layer and 
their subsequent precipitation. These capsular exopolysaccharides may also bind 
magnesium in the struvite crystals (ammonium magnesium phosphate), which leads to full 
or partial immersion of struvite crystals in the biofilm matrix (Dumanski et al., 1994; 
Gorman & Tunney, 1997). 
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2. Sonication and biofilm protocol 
For the better understanding of poly-microbial infections, the cultivation and identification 
of microbial species is of particular interest. The best way for isolation of wide spectrum of 
pathogens from urinary catheter biofilm, the sonication seems to be most appropriate 
method (Hola et al., 2010). The catheter must be aseptically withdrawn into empty sterile 
test tube and sent immediately for microbial examination. Due to number of microbial 
species and their different growing speed, the immediate examination is of particular 
interest. Otherwise the results can be distorted by overgrowing of some fast-growing species 
(Hola et al., 2010). 

2.1 Sonication protocol 
The sonication protocol is based on procedure as previously described by Sherertz et al. 
(1990) for blood stream catheters, with several modifications. The sonication protocol, as it is 
described here, is used in our laboratory for four years with good results. The sonication of 
the catheter itself comprises of several subsequent steps, which include sonication, vortexing 
and diluting. The cut part of the catheter (2 cm; ~7,5 cm2) is sonicated in 5 mL of Brain-Heart 
Infusion (BHI) for 5 minutes, than vortexed for 2 minutes and sonicated for another 
5 minutes. The repeated sonication together with vortexing leads to more accurate results of 
the procedure. According to our findings, the sonication alone shows worse results (lower 
number of microbes and lower number of microbial species) in comparison with sonication-
vortex-sonication protocol. The suspension is subsequently diluted 10- and 100-times and 
inoculated to solid media. This step is necessary for accurate quantification and isolation of 
individual strains (Hola et al., 2010). The set of solid media used in our laboratory comprises 
of Blood Agar, UriSelect 4 (BioRad), Endo Agar, Blood Agar with 10% of NaCl, Blood Agar 
with Amikacine (32mg/1L) and Sabouraud Agar with Vankomycine (5mg/1L) and 
Amikacine (20mg/1L). The quantification is performed on Blood Agar, the UriSelect helps 
with quantification of mixed cultures and also with species isolation and preliminary 
identification, the other four media are used for species isolation and preliminary 
identification; Endo Agar for selective cultivation of most of Gram negative rods, BA with 
NaCl for selective cultivation of staphylococci, BA with Amikacine for selective cultivation 
of streptococci and Sabouraud Agar for selective cultivation of yeasts. All isolated strains 
are identified by the conventional biochemical tests to the species/genus level (Micro-LA-
tests, Lachema, CZ and/or API Biomerieux, FR).  

2.2 Biofilm protocol 
Prior to biofilm production assay, the strains are cultured on Blood Agar and incubated 
overnight aerobically at 37°C. After verifying purity of the tested strain, several colonies 
with identical morphology are suspended in sterile physiological saline. The turbidity of the 
bacterial suspension is adjusted to 0,5 of the McFarland standard (~1,5 x 108 CFU/ml) using 
a photometric device. The obtained suspension is vortexed for 1 min and subsequently 
diluted 1:100 with fresh medium. The inoculum size should be carefully determined, 
because the size of the inoculum considerably inuences the amount of biolm produced, 
i.e. biolm density increases with increaseing initial inoculum (Stepanovic et al. 2003). 
All strains are cultivated in triplicate in flat-bottomed microtiter tissue culture plates (Fig. 1) 
in the temperature 37°C for 24 hours in the Brain-Heart Infusion with 4% of glucose (200 μL 
per well). The choice of the medium depends on planned experiments. For the biofilm 
formation, the Brain Heart Infusion with 4% of glucose seems to be good choice for most of 
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the microbial species. The negative control wells contain pure culture medium. After 
cultivation, the wells of microtiter plates are washed three times with sterile phosphate-
buffered saline (PBS; pH 7,2). With every washing step, the wells should be emptied by 
icking the plates. The biofilm layer is fixed by air-drying (Stepanovic et al. 2007). 
 

 
Fig. 1. Biofilm formation assay. 

The fixed biofilm layer is stained with crystal violet for 15 min at room temperature. After 
staining, the stain is aspirated with a pipette and excess stain is rinsed off by placing the 
microtiter plate under running tap water. The washing continues until the water from the 
plate remains clean. After the microplate is air dried at room temperature, the dye bound to 
the cells is resolubilized with 150 μL of 95% ethanol per well. Ethanol should be added 
gently. Thereafter the microtiter plate covered with the lid (to minimize evaporation) is left 
at room temperature for approx. 30 min (Stepanovic et al. 2007) and the biofilm-positivity is 
assessed quantitatively by means of optical density (OD) assessment (595 nm). 
For all tested strains and negative controls, the average OD values are calculated (from the 
inoculated triplets). The cut-off value (ODc) should be established; the ODc is dened as 
three standard deviations (SD) above the mean OD of the negative control (5). The OD value 
of the tested strain is expressed as average OD value of the strain reduced by ODc value (6). 
ODc value should be calculated for each microtiter plate separately. 

 ODc = Ø ODnegative control + 3 x SDnegative control  (5) 

 OD = Ø ODtested strain - ODc  (6) 

For easier interpretation of the results, strains may be divided into the following categories 
(Stepanovic et al. 2000): strain no producing biolm (7), strain weakly producing biolm (8), 
strain moderately producing biolm (9) and strain strongly producing biolm (10). This 
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categorization should be based of the previously calculated OD values (for this type of data 
interpretation the OD value of the strain should not be reduced by ODc value). 

 OD ≤ ODc  (7) 

 ODc < OD ≤ 2x ODc  (8) 

 2x ODc < OD ≤ 4x ODc  (9) 

 4x ODc < OD  (10) 

As the control, biofilm-positive strains deposited in several culture collections may be used, 
e.g. Staphylococcus epidermidis strains No. ATCC 35981, ATCC 35982, ATCC 35983 and ATCC 
35984 or S. epidermidis CCM 7221, deposited in the Czech Collection of Microorganisms in 
Brno (Christensen et al. 1985; Ruzicka et al. 2004).  

3. Antibiotic susceptibility testing  
Biofilm, as an important factor of virulence, enables microbes to colonise surfaces and 
increases their resistance to the antimicrobial agents. For the study of resistance of biofilm 
isolates to antimicrobials, three assays should be performed, the minimum inhibitory 
concentration assay (MIC), the minimum biofilm inhibitory concentration assay (MBIC) and 
minimum biofilm eradication concentration assay (MBEC). The results of these three assays 
can show the actual susceptibility/resistance of particular strains to antimicrobials.  
The methods of the minimum biofilm inhibition concentration (MBIC) and minimum 
biofilm eradication concentration (MBEC) assessment, together with minimum inhibitory 
concentration assessment, are applicable for the evaluation of the differences in the 
antibiotic resistance in planktonic and biofilm forms of growth and for the evaluation of 
differences in the biofilm-positive and biofilm-negative strains (Hola et al., 2004 a).   
In our studies we examined coagulase-negative staphylococci and the set of anti-
staphylococcal and wide-spectrum antibiotics: penicillin, oxacillin, ampicillin-sulbactam, 
chloramphenicol, tetracycline, co-trimoxazole, erythromycin, clindamycin, ciprofloxacin, 
gentamicin, teicoplanin and vancomycine. To the commercially available microtiter plates 
with serial dilutions of antibiotics covering break-point concentration, we prepared second 
microtiter plate with serial dilutions of the same antibiotics, which linked up with increasing 
concentrations of tested antibiotics to cover the MBIC and MBEC values.  For the 
concentrations of diluted antibiotics see Table 1. 

3.1 Minimum inhibitory concentration assay 
Minimum inhibitory concentration assay (MIC) was proved by the microdilution method 
according to the European Standards as they are implemented in the Czech Microbiological 
Standards (Urbášková, 1998). Briefly, fresh 24-hrs culture of the strain cultured on Blood 
Agar is suspended in physiological saline to the optical density equal to 0,5 according to 
McFarland Standard. This suspension is inoculated in the wells of microtiter plate with 
serial (logarithmic) dilutions of tested antibiotics in Mueller-Hinton Broth (commercially 
available from Trios Ltd., Prague, CZ). The final concentration of cells of the tested strain is 
equal to 500 000 CFU/ml. After 18 hrs of cultivation the minimum inhibitory concentration 
is assessed.  
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concentrations of tested antibiotics to cover the MBIC and MBEC values.  For the 
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serial (logarithmic) dilutions of tested antibiotics in Mueller-Hinton Broth (commercially 
available from Trios Ltd., Prague, CZ). The final concentration of cells of the tested strain is 
equal to 500 000 CFU/ml. After 18 hrs of cultivation the minimum inhibitory concentration 
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Standard antibiotic concentrations (mg/L) 

PEN OXA AMS CMP TET COT ERY CLI CIP GEN TEI VAN 

0,015 0,125 2 0,125 0,125 0,5 0,063 0,063 0,063 0,063 0,25 0,25 

0,031 0,25 4 0,25 0,25 1 0,125 0,125 0,125 0,125 0,5 0,5 

0,063 0,5 8 0,5 0,5 2 0,25 0,25 0,25 0,25 1 1 

0,125 1 16 1 1 4 0,5 0,5 0,5 0,5 2 2 

0,25 2 32 2 2 8 1 1 1 1 4 4 

0,5 4 64 4 4 16 2 2 2 2 8 8 

1 8 128 8 8 32 4 4 4 4 16 16 

2 16 256 16 16 64 8 8 8 8 32 GC 

Increased antibiotic concentrations (mg/L) 

PEN OXA AMS CMP TET COT ERY CLI CIP GEN TEI VAN 

4 32 512 32 32 128 16 16 16 16 64 32 

8 64 1024 64 64 256 32 32 32 32 128 64 

16 128 2048 128 128 512 64 64 64 64 256 128 

32 256 4096 256 256 1024 128 128 128 128 512 256 

64 512 8192 512 512 2048 256 256 256 256 1024 512 

128 1024 16384 1024 1024 4096 512 512 512 512 2048 1024 

256 2048 32768 2048 2048 8192 1024 1024 1024 1024 4096 2048 

512 4096 GC 4096 4096 16384 2048 2048 2048 2048 8192 4096 

PEN – penicillin; OXA – oxacillin; AMS – ampicillin-sulbactam; CMP – chloramphenicol;  
TET – tetracycline; COT – co-trimoxazole; ERY – erythromycin; CLI – clindamycin; CIP – ciprofloxacin; 
GEN – gentamicin; TEI – teicoplanin; VAN – vancomycine, GC – growth control  

Table 1. Used concentrations of antibiotics. 

3.2 Minimum biofilm inhibitory concentration and minimum biofilm eradication 
concentration assays 
The resistance/susceptibility was assessed on the hardened-polystyrene pegged plates that 
fit into standard microtiter plates. These pegged plates enable the biofilm cultivation on all 
96 pegs simultaneously, so they prompt and simplify the manipulation with the biofilms 
(see Fig. 2). For better cell-adhesivity, the surface of the pegged plate was modified by poly-
L-lysine (Hola et al. 2004 c). The wells of the microtiter plate were filled with S. epidermidis 
culture (precultured in BHI supplemented with 4% of glucose) and the pegs were 
submerged in it. The primary adhesion was performed for 90 minutes. Then the pegged 
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plates were removed into fresh sterile Brain Heart Infusion (BHI) and cultivated at 37 °C for 
24 hours. 
 

 
Fig. 2 – Pegged plate with grown biofilm; the biofilm layer was fixed by drying and stained 
with crystal violet. 

In the MBIC assessment, the biofilm grown on the pegs of the pegged plate was exposed 
to the action of antibiotics by submerging into the medium with antibiotics compounds 
(concentrations listed in Table 1). The MBIC value was assessed after 18 hours of 
cultivation on the basis of presence of turbidity in the wells. After the exposure of the 
pegs with grown biofilm to the antibiotics (18 hours of cultivation) the pegs were three 
times washed by the sterile phosphate buffered saline (pH 7,4) and moved into the 
colorimetric medium, which changes the colour in the presence of living cells. After next 
18 hours of cultivation the MBEC was assessed on the basis of colour change of the 
medium, the presence or absence of turbidity in the well being of no importance (Hola et 
al., 2004 a). 

3.3 Minimum Inhibitory Concentration in biofilm-positive and biofilm-negative strains 
Figure 3 shows average values of MIC of biofilm-negative and biofilm-positive strains of 
tested antibiotics. The biofilm-positive strains have higher average values of MICs. The 
median values of MICs of both groups of strains are shown in Table 2.  The differences 
between biofilm-positive and biofilm-negative strains were statistically significant in 
oxacillin, tetracycline, co-trimoxazole, ciprofloxacin, gentamicin and clindamycin (P  0,05, 
n = 88). All strains were susceptible to teicoplanin and vancomycine in both tested groups. 
Despite the fact, that the MIC value is defined for planktonic form of growth, there is 
significant difference between biofilm-positive and biofilm-negative strains of microbes 
(Hola et al., 2004 b). 
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PEN – penicillin; OXA – oxacillin; AMS – ampicillin-sulbactam; CMP – chloramphenicol; TET – 
tetracycline; COT – co-trimoxazole; ERY – erythromycin; CLI – clindamycin; CIP – ciprofloxacin; GEN – 
gentamicin; TEI – teicoplanin; VAN – vancomycine, blue – biofilm-positive, green – biofilm-negative 

Fig. 3. Mean values of MICs in biofilm-positive and biofilm-negative strains. 

One of the factors, increasing the resistance of biofilm-positive strains to antibiotics, is the 
extracellular polysaccharide, in staphylococci presented as polysaccharide intercellular 
adhesine (PIA). The PIA is inherent compound of the biofilm layer and covers staphylococcal 
cells as slimy layer. The PIA facilitates bacterial adhesion to solid surfaces and co-aggregation 
of the bacterial cells. The mechanisms of resistance of cells covered by PIA to antibiotics are not 
yet fully understood, but it is widely accepted, that they differ from mechanisms of resistance 
of individual cells (enzyme production, change of bonding place etc.) (Costerton et al., 1995).  
 

 Biofilm-positive strains Biofilm-negative strains 
 Mean SE Median Mean SE Median 

PEN 2,516 0,243 2 2,788 0,234 4 
OXA 13,777 2,321 8 6,439 1,432 2 
CMP 5,360 1,258 2 6,535 1,596 2 
TET 4,942 1,446 1 1,695 0,316 0,5 
COT 34,419 4,513 32 17,267 3,428 4 
ERY 11,225 1,211 16 8,826 1,171 16 
CLI 9,540 1,596 8 6,785 1,695 0,125 
CIP 9,426 1,136 16 6,753 0,960 8 

GEN 14,387 1,956 16 5,735 1,824 0,125 
TEI 1,953 0,205 2 2,680 0,275 2 

VAN 1,686 0,074 2 1,802 0,087 2 

SE – standard error; PEN – penicillin; OXA – oxacillin; AMS – ampicillin-sulbactam;  
CMP – chloramphenicol; TET – tetracycline; COT – co-trimoxazole; ERY – erythromycin;  
CLI – clindamycin; CIP – ciprofloxacin; GEN – gentamicin; TEI – teicoplanin; VAN – vancomycine 

Table 2. Mean and median of MICs in biofilm-positive and biofilm-negative strains. 
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The bonding of the molecules of antibiotic to the negatively charged chemical compounds 
present in biofilm layer may be the reason of the increased gentamicin resistance. The 
change of physico-chemical conditions may affect tetracycline and the production of 
enzymes degrading antibiotics may affect action of oxacilline.  
The higher resistance to antibiotics of biofilm-positive strains even in their planktonic form 
can be explained by influence of weak biofilm layer covering the cells and formation of 
micro-colonies surrounded by PIA. However, the layer of the polysaccharides is still 
relatively weak. This, together with the absence of resistance factors that act in the layer of 
matured biofilm (decreased growth rate inside biofilm layer, strong changes in the inner 
environment including acidification, lack of oxygen etc.), leads to the observed differences 
between MIC values of biofilm-positive and values of biofilm-negative strains.  

3.4 MIC, MBIC and MBEC in biofilm-positive strains 
Figure 4 shows average values of MICs, MBICs and MBECs of biofilm-positive strains to 
tested antibiotics. The minimum concentrations of antibiotics, which are able to penetrate 
biofilm, in most cases exceed the minimum inhibitory concentrations (MIC) measured for 
planktonic form of the bacteria by several orders. Comparing the minimum inhibitory 
concentrations with concentrations affecting the cells in the biofilm (MBIC, MBEC), the all 
the differences were statistically significant (P  0,01). For summary results see Table 3.  
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PEN – penicillin; OXA – oxacillin; AMS – ampicillin-sulbactam; CMP – chloramphenicol;  
TET – tetracycline; COT – co-trimoxazole; ERY – erythromycin; CLI – clindamycin; CIP – ciprofloxacin; 
GEN – gentamicin; TEI – teicoplanin; VAN – vancomycine; MIC – yellow; MBIC – green; MBEC - blue 

Fig. 4. Comparison of MIC, MBIC and MBEC values (log). 

The results show, that the MIC values did not correspond with the values that are able 
eradicate the biofilm. The biofilm layer act as a barrier for antibiotic diffusion to the cells, 
e.g. glycopeptides, with their large molecules have very low effect on staphylococci in the 
biofilm layer, because their large molecules cannot penetrate the biofilm layer (König et al., 
2001). Another mechanism of resistance is chemical bonding of the positively charged 
antibiotics to the negatively charged compounds of the biofilm layer (aminoglycosides) 
(Lewis, 2001). The diffusion barrier formed by the biofilm layer acts also in the opposite 
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direction – the enzymes such as beta-lactamases cannot diffuse from the close proximity of 
the bacterial cells, so the concentration of these enzymes in the bacterial surrounding is 
relatively high (Stewart, 1996). The accumulation of waste products and defection of 
nutrients may lead to the change of physico-chemical conditions in micro-colonies. Such 
environment decreases efficiency of aminoglycosides. These entire factors act in 
combination, which enhances their effect (Lewis, 2001) and similar mechanisms can be 
found also for other antimicrobial compounds.  
 
  MIC MBIC MBEC 
  Mean Median Mean Median Mean Median 

PEN 2,21 2 931 1024 936 1024 
OXA 11,1 4 219 256 2420 2048 
AMS 5,6 2 34,2 32 1979 2048 
CMP 8,27 2 37,8 4 698 512 
TET 6,68 0,5 25,3 1 1002 128 
COT 16,9 4 289 16 15639 2048 
ERY 14,9 16 4096 4096 4096 4096 
CLI 9,17 16 2283 4096 2340 4096 
CIP 9,96 16 922 256 3377 4096 

GEN 10,4 0,25 80,8 64 182 128 
TEI 2,02 2 10,4 8 558 512 

VAN 1,64 2 7,09 4 209 256 
PEN – penicillin; OXA – oxacillin; AMS – ampicillin-sulbactam; CMP – chloramphenicol;  
TET – tetracycline; COT – co-trimoxazole; ERY – erythromycin; CLI – clindamycin; CIP – ciprofloxacin; 
GEN – gentamicin; TEI – teicoplanin; VAN – vancomycine 

Table 3. Average MIC, MBIC and MBEC values. 

The results of our studies confirm the importance of biofilm-positive bacteria as causative 
agents of biofilm infections of catheters and implants and indicate increased risk of failure of 
conventional antimicrobial therapy caused by increased resistance of such strains. 

4. Poly-microbial biofilms and their composition  
In our studies we presented the difference in results of microbial assessment based on use of 
pre-cultivation and sonication techniques (Hola et al., 2010). Our results showed that the 
sonication technique is more reliable for examination of biofilm infections of catheters, 
because it detects wider number of microbial species. Another advantage of sonication 
technique is quantification of isolated microbes, which can be very helpful for the treatment 
of the infection and for more detailed knowledge about mixed-species biofilm community. 
The sonication technique also solves problem of over-growing of some fast-growing 
microbes, such as Pseudomonas aeruginosa. The over-growing is often present in “classic” pre-
cultivation technique and can suppress growth of other species and thus lead to the lower 
sensitivity of these techniques. From all above-mentioned reasons, the infection can be 
misinterpreted as single- or dual-species infection only (Hola et al., 2010).  
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The CAUTI are rarely single-species. More often these infections are poly-microbial. The 
number of isolated strains from one catheter/stent ranges between one and seven, where 
the mono-species infection is present only in 16,2% of catheters. Most of the CAUTI are 
three-species biofilms – c. 30%, less often two- and four-species biofilms (see Fig. 5).  
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Fig. 5. Number of strains isolated from one catheter. 

In these mixed-species biofilm communities, several microbial species are very often 
present, although the species composition of catheter is variable. Such species are Escherichia 
coli (present in 76,5% of poly-microbial catheter infections), Enterococcus sp. (at least one 
species present in 76,5% of poly-microbial catheter infections), Candida sp. (at least one 
species present in 64,7% of poly-microbial catheter infections) and Klebsiella sp. (at least one 
species present in 41,1% of poly-microbial catheter infections). The composition of other 
microbial species in the biofilm community is variable (Hola et al., 2008).  Up to now we 
isolated 47 different microbial taxa from urinary tract catheters. Most often we isolated 
Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, 
Staphylococcus epidermidis and Candida albicans. These microbial species presented over 
65% of total microbial isolates. For the full list of microbial taxa present in poly-microbial 
CAUTIs see Table 4.  
The ability to form biofilm is present in most of our isolates. Very often, circa in 70% of the 
isolates, we can prove strong biofilm production.  
Only very low number of strains isolated from IUC is not able to form biofilm (less 
than 5%). The biofilm formation also differs among particular microbial species. Some 
species show high ratio of biofilm-positive strains whereas other show lower. The 
differences in the biofilm formation among microbial species were statistically significant 
(ANOVA, p = 0,0031). The highest ratios of strong biofilm-positive strains have species 
Enterococcus faecalis (95%), Proteus mirabilis (94%), Candida tropicalis (91%) and 
Staphylococcus aureus (100%). Low ratio of strong biofilm-positive strains had e.g. 
Escherichia coli (35%). 
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Fig. 5. Number of strains isolated from one catheter. 
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than 5%). The biofilm formation also differs among particular microbial species. Some 
species show high ratio of biofilm-positive strains whereas other show lower. The 
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Microbial taxa present in poly-microbial CAUTIs 

Acinetobacter baumannii Klebsiella sp. (other) 
Burkholderia cepacia Kluyvera cryocrescens 
Candida albicans Morganella morganii 
Candida glabrata Ochrobactrum anthropi 
Candida krusei Pantoea agglomerans 
Candida parapsilosis Pantoea sp.  
Candida tropicalis Proteus mirabilis 
Citrobacter koseri Proteus vulgaris 
Citrobacter freundii Providencia rettgeri 
Citrobacter sp. (non-freundii, non-koseri) Providencia stuartii 
Corynebacterium sp. Pseudomonas aeruginosa 
Enterococcus faecium Pseudomonas sp. 
Enterococcus faecalis Ralstonia picketii 
Enterobacter aerogenes Raoultella terrigena 
Enterobacter cloacae Serratia marcescens 
Enterobacter dissolvens Serratia odolifera 
Enterobacter kobei Streptococcus agalactiae 
Enterobacter sp. (other) Streptococcus sp. (alpha-haemolytic) 
Escherichia coli Streptococcus pyogenes 
Hafnia alvei Staphylococcus aureus 
Klebsiella ornithinolytica Staphylococcus epidermidis 
Klebsiella oxytoca Staphylococcus haemolyticus 
Klebsiella ozanae Staphylococcus hominis 
Klebsiella pneumoniae  

 

Table 4. List of microbial taxa isolated from poly-microbial CAUTIs in St. Anne’s University 
Hospital during years 2007-2010. 

The strong biofilm forming strains seem to be responsible for biofilm production in mixed-
species biofilms. These species seem to be primary colonisers and co-aggregate with other 
species or just provide refuge to other species that are only weak biofilm-producers building 
up the mixed-species biofilm community.  
The other virulence factors, which can be present in bacteria, play important role in the 
mixed-species biofilms. These virulence factors affect the microenvironment in the biofilm 
niche, e.g. urease production increases pH of the biofilm layer; the production of beta-
lactamases protect whole mixed-species community etc. 
Also presence of microbes in different stages and forms plays important role in the mixed-
species biofilm formation, for example the Candida species form pseudohyphae in their 
biofilm mode of growth; the strains of the genus Proteus may profit from close contact with 
each other, because in the formation of parallel cells they are capable of faster movement on 
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the catheter surface and they produce higher amount of extra-cellular polysaccharides 
(Stickler & Hughes, 1999), which protects the microenvironment in the biofilm layer.   

5. Prevention of biofilm infections of urinary tract 
Progress in the area of prevention of urinary catheter–associated infections is very limited 
and the preventive procedures used nowadays rather only prolong the “abacterial window” 
then really prevent the infection. There are only few effective preventive strategies available 
for prevention of CAUTIs. These include avoiding unnecessary catheterisation, selecting 
alternative catheterisation procedures, maintaining the closed drainage system, and 
eliminating bacterial colonisation of the patient (Jacobsen et al., 2008). 
Every from above-mentioned preventive strategies are bound onto well-informed 
personnel, which plays the key role in the prevention of biofilm infections of urinary tract.   
The prolongation of the catheterisation or even unnecessary flat catheterisation are the first 
steps which can be changed in the course of prevention of the CAUTIs. More attention to the 
selective and limited catheter use can lead to reduction of the number of CAUTIs. Once it is 
determined that a patient requires urinary catheterisation, the risk of developing CAUTI is 
affected by the duration of the catheterisation (Jacobsen et al., 2008). To reduce the risk of 
infection; the urinary catheter should be changed approx. every 8 days (Rudra & Rudra, 
2002) and drainage bags should be emptied minimally every 4 hours to prevent bacteria 
reaching the lumen of catheter (Newman, 1998). To the minimization of inappropriate 
prolongation of the catheterisation may help various reminder systems (Blodgett, 2009; 
Jacobsen et al., 2008).  
The use of a closed drainage system rather than open collection container, reduces the 
incidence of bacteriuria to approximately 50% at 11 days of continuous catheterisation in 
comparison with 95% presence of significant bacteriuria in patients with open catheter 
drainage for 96 hours (Trautner & Darouiche, 2004). The drainage system should be 
dependent at all times. The presence of the drainage tube and/or collection bag above the 
level of the urinary bladder is associated with an increased risk of CAUTIs, as well as the 
presence of the drainage tube below the level of the collection bag  (Maki & Tambyah, 2001). 
The differences in bacterial colonisation of the urinary tract with intermittent catheterisation 
and with indwelling catheters are discussed in chapter 1.1.1 and 1.1.2. 
There are many ways of surface treatment of catheters, which have been examined during 
last decade. These techniques of catheter surface treatment should prevent bacterial 
adhesion to the artificial surface ant thus prevent formation of biofilm infection. These 
procedures include e.g. incorporation of the antimicrobial compound into the catheter 
material (without chemical bond), increase of surface concentration of antimicrobial 
compounds by means of catheter soaking, chemical bonding of antimicrobial compounds to 
the surface of the catheter, chemical bonding of antimicrobial compounds in polymer 
structure of the material or use of new anti-adherent coatings. These procedures lead to 
significantly higher concentrations of antibiotic, which can act directly in the place of origin 
of the biofilm focus (Jansen & Peters, 1991).  
These methods, such as antimicrobial-impregnated urinary catheters rather only prolong the 
“abacterial window” then really prevent the infection and the colonising microflora one day 
anyway appears. Study performed in patients with acute spinal cord injury, who received 
long-term urinary catheters, showed that the silver-coated catheters delayed but did not 
prevent the onset of bacteriuria (Schaeffer et al., 1988). The in vitro laboratory study of 
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personnel, which plays the key role in the prevention of biofilm infections of urinary tract.   
The prolongation of the catheterisation or even unnecessary flat catheterisation are the first 
steps which can be changed in the course of prevention of the CAUTIs. More attention to the 
selective and limited catheter use can lead to reduction of the number of CAUTIs. Once it is 
determined that a patient requires urinary catheterisation, the risk of developing CAUTI is 
affected by the duration of the catheterisation (Jacobsen et al., 2008). To reduce the risk of 
infection; the urinary catheter should be changed approx. every 8 days (Rudra & Rudra, 
2002) and drainage bags should be emptied minimally every 4 hours to prevent bacteria 
reaching the lumen of catheter (Newman, 1998). To the minimization of inappropriate 
prolongation of the catheterisation may help various reminder systems (Blodgett, 2009; 
Jacobsen et al., 2008).  
The use of a closed drainage system rather than open collection container, reduces the 
incidence of bacteriuria to approximately 50% at 11 days of continuous catheterisation in 
comparison with 95% presence of significant bacteriuria in patients with open catheter 
drainage for 96 hours (Trautner & Darouiche, 2004). The drainage system should be 
dependent at all times. The presence of the drainage tube and/or collection bag above the 
level of the urinary bladder is associated with an increased risk of CAUTIs, as well as the 
presence of the drainage tube below the level of the collection bag  (Maki & Tambyah, 2001). 
The differences in bacterial colonisation of the urinary tract with intermittent catheterisation 
and with indwelling catheters are discussed in chapter 1.1.1 and 1.1.2. 
There are many ways of surface treatment of catheters, which have been examined during 
last decade. These techniques of catheter surface treatment should prevent bacterial 
adhesion to the artificial surface ant thus prevent formation of biofilm infection. These 
procedures include e.g. incorporation of the antimicrobial compound into the catheter 
material (without chemical bond), increase of surface concentration of antimicrobial 
compounds by means of catheter soaking, chemical bonding of antimicrobial compounds to 
the surface of the catheter, chemical bonding of antimicrobial compounds in polymer 
structure of the material or use of new anti-adherent coatings. These procedures lead to 
significantly higher concentrations of antibiotic, which can act directly in the place of origin 
of the biofilm focus (Jansen & Peters, 1991).  
These methods, such as antimicrobial-impregnated urinary catheters rather only prolong the 
“abacterial window” then really prevent the infection and the colonising microflora one day 
anyway appears. Study performed in patients with acute spinal cord injury, who received 
long-term urinary catheters, showed that the silver-coated catheters delayed but did not 
prevent the onset of bacteriuria (Schaeffer et al., 1988). The in vitro laboratory study of 
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colonisation of different types of catheters showed no differences among silicone and silver-
coated catheters (Hola et al., 2009) The same problem is in antibiotic impregnation of 
urinary catheters – the onset of bacterial colonisation is later, but is always present 
(Darouiche at al., 1999; Guay, 2001; Johnson et al., 1999). In general, the antimicrobial-coated 
urinary catheters may be beneficial in hospitalized patients that undergo short-term bladder 
colonisation (Trautner & Darouiche, 2004). Additionally, all antibiotic-impregnated urinary 
catheters have same problem – the subinhibitory levels of the antimicrobial agent that is 
eluted into the urine may induce resistance in the resident organisms, especially in patients 
with prolonged catheter use (Stickler, 2002). 
The consensus of antimicrobial treatment of CAUTIs is, that systemic antibiotics are not 
recommended in general for patients with asymptomatic bacteriuria (Warren, 1994). The 
systemic dosage of antibiotic should be used only in cases with clear indication of 
antimicrobial therapy (signs of septicaemia, pyelonephritis etc.). 

6. Treatment of biofilm infections of urinary tract 
The antibiotic treatment cannot efficiently affect bacteria embedded in the biofilm layer. In 
vivo the antibiotics can suppress symptoms of the infection by the eradication of planktonic 
cells, but they fail in the eradication of the cells embedded in the biofilm. After antibiotic 
treatment the biofilm can act as the focus of the infection and cause recurrence of the 
infection. It is well known, that biofilm-associated infections commonly persist, until the 
colonised surface is removed from the patient’s body (Stewart & Costerton, 2001). 
Comparison of the antibiotic resistance of planktonic and biofilm form of microbes causing 
CAUTIs showed, that bacterial biofilms may survive several orders higher concentrations of 
antibiotic (Hola et al. 2004 c; Souli & Giamarellou, 1998; Mah & O'Toole, 2001). It is obvious, 
that the presence of biofilm on the urinary catheter leads to therapy failure. There are many 
mechanisms of biofilm resistance against antibiotics, which supply and overlap. 
Some mechanisms of biofilm resistance were discussed above. The most important type of 
the biofilm resistance is the diffusion barrier formed by biofilm matrix (Ishida et al., 1998). 
The penetration potential differs among different antibiotics and depends also on the 
infectious agents present in the biofilm layer (Vrany et al., 1997).  
The chemical bonding of antibiotics and increased concentration of antibiotic-degrading 
enzymes in the close proximity of bacterial cells are other two mechanisms, which can 
suppress action of beta-lactam antibiotics (Lewis, 2001; Stewart, 1996). 
Another mechanism is based on changes in the biofilm layer, the absence of nutrients and 
decreased levels of oxygen. These conditions may lead to the starvation of cells in the 
biofilm layer. The starving cells grow more slowly or don’t grow at all. Such slowly growing 
cells show increased resistance to beta-lactams (Spoering & Lewis, 2001; Schierholz & Beuth, 
2001). The accumulation of waste products, which changes physico-chemical properties 
inside the biofilm layer, decreases efficiency of aminoglycosides and tetracyclines (Lewis, 
2001). 
Spatial heterogeneity of the cells in the biofilm layer is another important form of biofilm 
resistance. The spatial heterogeneity is important survival strategy, because minimally part 
of the cells, which represent wide scale of different metabolic states, have always chance to 
survive every metabolically targeted attack (Costerton et al., 1999). Because of these unique 
and changing properties of the biofilm-positive microbes, it is extremely difficult to find 
simple antimicrobial compound, which would be capable of getting over most of strategies 
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of biofilm resistance. Despite the antibiotic treatment, the infections of the implants often 
persist until the device is removed (Schierholz & Beuth, 2001). 
To the particular recommendations for the treatment of biofilm infection of uropoetic 
system belong replacement of colonised catheter (and by this way removal of the biofilm 
nidus) and, if necessary for successful treatment, increased dosage of antibiotics. On the 
other side, if the patient has no signs of septicaemia or pyelonephritis, the colonisation of the 
catheter is not necessary to be treated (Warren, 1994). 
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1. Introduction 
Urinary tract infections (UTIs) are widely extended among ambulatory and hospitalized 
patients under psychiatric treatment in all around the world in developed and developing 
countries. There are few reports about UTIs in this special type of patients, most of them are 
hospital inpatients and stay for very long periods of time, while others are hospitalized and 
discharged several times during years of treatment as their illness evolves. Several factors 
associated to UTIs including age, gender, type of psychiatric disease, use of invasive devices 
such as catheter, and recently genetic background has been considered. Despite innate 
mechanical safeguards against microbial infection of the intact human urinary tract, specific 
organisms are capable of colonizing and persisting in this environmental niche.  Most 
infections in the urinary tract are caused by Gram negative including uropathogenic 
Escherichia coli (UPEC) and Proteus mirabilis, and Gram positive bacteria such as 
Staphyloccous aureus carrying a wide array of virulence factors. A main concern of the 
frequent antibiotic treatment prescribed for the therapy to combat UTIs is the growing 
generation of bacterial resistance. Application of antimicrobial agents for treatment of UTIs 
produces clinically relevant adverse reaction because of their interactions with psychotropic 
drugs prescribed to psychiatric patients. The pharmaceutical surveillance for tracking 
adverse reactions represents the main goal in the prevention and control of UTIs in 
psychiatric patients. 
In spite of pathogenic protozoa like Thrichomonas vaginalis and yeasts such as Candida 
albicans are usually associated to UTIs this chapter is focused on the bacterial pathogens. 
Therefore this work reviews the UTIs associated to bacteria in psychiatric patients, a group 
scarcely analyzed in spite of their clinical relevance. The scope of this study is to contribute 
on the understanding of the treatment for UTIs to prevent their spreading among patients 
and the medical care workers, due to their special conditions. 

2. Distribution of UTIs in psychiatric patients 
Surveillance of infections in psychiatric hospitals has faced operational difficulties owing to 
require of strategies based on available standard criteria to the unique needs of these patient 
population (Loving et al., 1992). Some epidemiologic studies of infections in hospitals 
reported that the urinary tract infections (UTIs) are the most frequent infections in 
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Surveillance of infections in psychiatric hospitals has faced operational difficulties owing to 
require of strategies based on available standard criteria to the unique needs of these patient 
population (Loving et al., 1992). Some epidemiologic studies of infections in hospitals 
reported that the urinary tract infections (UTIs) are the most frequent infections in 
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psychiatric inpatients (Haenen et al., 1997; Hoving et al., 1981; Reilly et al., 2008; Muller et. 
al., 1997). The results from a survey to estimate the prevalence of health care associated 
infections (HAI) indicated that UTIs were the most common type of HAI in acute and non-
acute hospital inpatients; moreover, in non-acute hospital, 5% of psychiatric inpatients was 
affected by a HAI (Reilly et al., 2008). According to a prevalence survey done in Norway of 
infections among hospitalized patients, the psychiatry ward presented the lowest rate of 
hospital infections and the UTIs were the most common infections among inpatients 
(Hoving et al., 1981). In a cross sectional study performed to assess the prevalence of 
infections in psychiatric institutes in Belgium, reported that the UITs were the most common 
infections moreover, a statistically significant association with infection prevalence were 
found with the psychiatric diagnosis and duration of hospitalization (Haenen et al., 1997).  
In spite of epidemiologic assessment of UTIs has been difficult because are not reportable 
diseases (Foxman, 2002), reports of their incidence have been recorded in subpopulations 
that are at increased risk. At present, a special attention has been devoted to the study of 
nosocomial infections in long term care facilities (Nicolle, 2000) which include chronic 
diseases hospitals, rehabilitation centers, psychiatric hospitals, institutions for the mentally 
retarded and nursing homes.  
Nursing homes are a type of geriatric clinic that provide varying levels care (including 
psychiatric) for aged people, who for personal, social, health or other reasons, can not longer 
live alone or with their families (Chen et al., 2008) regrettably in some places, these clinics 
are not equipped with facilities and qualified personal as found in health institutions 
(Alameida & Pedroso, 1999). In fact, most of research on UTIs among the elderly has done 
on patients who are institutionalized in nursing homes (Chen et al., 2008; Nicolle, 2002) and 
hospitals (Foxmann, 2002). In elderly persons, the UTIs are usually asymptomatic i.e. the 
isolation of bacteria from urine in significant quantities is consistent with the infection, but 
without the local or systemic genitourinary signs or symptoms. Unlike the symptomatic 
patients with UTIs, in asymptomatic patients a positive urine culture does not confirm a 
diagnosis of UTI among this population. Further in geriatric patients, UTIs can be either 
uncomplicated infections that can occur in a normal genitourinary tract (Nicolle, 2000) or 
complicated infections characterized by structural or functional abnormalities by 
instrumentation such as indwelling urinary catheters (Hazeleltt et al., 2006).  
The prevalence surveys in nursing homes of different countries report that the frequency of 
asymptomatic bacteruria is 15-30% of men and 25-50% of women and symptomatic episodes 
contributed to morbidity in this population (Nicolle, 2000). The high frequency is favored by 
chronic comorbid conditions including mental deterioration, incontinence of bladder and 
bowel. The latter can associated to degenerative mental disorders such as Parkinson´s and 
Alzheimer diseases which impaired bladder empty and uretric reflux which favored to the 
high frequency of bacteriuria (Nicolle, 2000).  
Urinary tract infections are commonly present in several psychiatric disorders in elderly 
people such as depression, psychosis (Woo et al., 2003), Huntington´s disease (Dubinsky, 
2005), Parkinson´s disease (Woodford & Walker, 2005) and dementia (Hewer & Stark, 2010; 
Manepalli et al., 1990). Urinary tract infections have been the most frequent unrecognized 
medical disorder in geriatric patients with depression and psychosis (Woo et al., 2003) and 
also they have been commonly associated to hospital admission of patients with 
Huntington´s disease (Dubinsky, 2005) and idiopathic Parkinson´s disease (Woodford & 
Walker, 2005). They are associated to falls in geriatric women with mental disturbances 
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(Ericksson et al., 2009) and medical interventions in geriatric inpatients with dementia 
(Hewer & Stark, 2010).  
In a study in hospitalized geriatric patients, UTIs were found as a risk factor associated to 
delirium (Khurana et al., 2002). A retrospective analysis involving 407 patients discharged 
over a 2 year period from a psycho-geriatric unit found that 83 (20.4%) had UTIs and 54 
(13.3%) had delirium diagnoses at admission. Of the 54 with delirium, 14 (25.9%) had UTIs 
from which only 14 (42.8%) showed symptoms of UTIs. In this study was concluded that 
UTIs can precipitate delirium especially in geriatric patients with pre-existing cognitive 
impairment (Manepalli et al., 1990).  
The efficacy of routine admission urine analysis in psychiatric hospitals has been questioned 
by its little impact on the care of psychiatric patients (Berber & McFeely, 1991) therefore, in 
the clinical practice the diagnosis of UTIs in geriatric patients in most cases depends on the 
judgment of signs and symptoms of infection (Nicolle, 2002; Anderson, 1981). A 
contributing medical practice which affects the reported cases of UTIs is that in some cases 
the UTIs are not recognized in patients with psychiatric illness because doctors may be more 
likely to ascribe symptoms to psychiatric cause (Mulder & de Reus, 2001). So this problem 
deserves attention for doctors to take in account somatic diseases which usually affect 
psychiatric patients such UTIs by analyzing clinical presentation, urinalysis and 
bacteriological culture of urine to get an accurate diagnosis (Foxman, 2002). 
The infants represent a population at high risk of susceptibility of UTIs whose incidence is 
approximately 3% and 1% of pre-puberal girls and boys, respectively. The risk of UTIs 
increases with the age in girls but decreases with the age in boys. In pediatric girls, UTIs are 
associated with high morbidity and long-term consequences including impaired renal 
function, hypertension, and complications of pregnancy in adulthood. Pediatric girls are 
highly vulnerable to recurrent UTIs which may increase their progression to pyelonephritis 
and subsequent risk of renal scarring (Shortliffe & McCue, 2002). The risk of UTIs is also 
high in psychiatric children with behavior dysfunctions. The incidence of UTIs in patients of 
pediatric population has been documented in psychiatric conditions related with diurnal 
and night miction (Berg et al., 1977), urinary incontinence (Lettgen et al., 2002; von Gontard 
et al., 2004), urinary retention (Lettgen et al., 2002; Wan et al., 2010) and encopresis (von 
Gontard et al.,  2004). A clinical study found that either boys or girls who wet both during 
the day and at night are more in risk of suffering psychiatric disturbances. No urinary 
infections were found in boys and girls who wet at bedtime. Only one case of urinary 
infection was reported in boys with day and night wetting in contrast, bacteriuria occurred 
in a 50% of girls who wet at day and night. The occurrence of UTIs in girls was associated to 
the persistent wet of perineum which favored bacterial proliferation (Berg et al., 1977). A 
study focused to analyze the behavioral and somatic symptoms in children suffering of 
eneuresis (bedwetting), urinary incontinence (daytime wetting with or without bedwetting) 
and encopresis (habitual inability to defecate in the appropriate place) found that the more 
common behavioral disturbances were hyperkinetic syndromes, emotional and conduct 
disorders but the rates of previous UTIs were higher although not significant (von Gontard 
et al., 2004). Other reports indicated that children with urge incontinence are in higher risk 
of suffering UTIs than children with void postponement however, the latter present a wide 
variety of behavioral symptoms such as aggresivity, delinquent, withdrawn and attention 
problems (Lettgen et al., 2002). Urinary tract infection was also associated with psychogenic 
urinary retention as it was indicated in a case report on a 6 year old girl (Wan et al., 2010). 
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2005), Parkinson´s disease (Woodford & Walker, 2005) and dementia (Hewer & Stark, 2010; 
Manepalli et al., 1990). Urinary tract infections have been the most frequent unrecognized 
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(Ericksson et al., 2009) and medical interventions in geriatric inpatients with dementia 
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pediatric population has been documented in psychiatric conditions related with diurnal 
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According to the above described, in children with behavior disturbances, the accurate 
psychiatric evaluation and supportive psychoteraphy along with studies of imaging, 
ultrasound, uroflowmetry and a reliable bacteriologic diagnosis of UTIs are required for 
their fully rehabilitation. 
Urinary tract infections are very common in female population in fact, approximately, 50% 
of women have suffered a symptomatic UTI during their lifetime and many have recurrent 
episodes. About 33% of women with acute uncomplicated UTI have recurrent episodes; 
during pregnancy asymptomatic or symptomatic UTIs often progress to pielonephritis and 
increase the risk of premature delivery, fetal mortalility or pregnancy induced hypertension 
(Stamm, 2002). In the particular case of psychiatric morbidity in pregnant women, UTIs 
have been associated to abortion, preterm delivery and perinatal mortality moreover; 
psychiatric pathologies contribute as risk factors (Ovalle et al., 1989). On other hand, UITs 
have been commonly found in disorders like disuria (painful or difficult of urination) and 
nocturia (frequent urination during the night) in women (18-55 age) under high levels of 
distress (Sumners et al., 1992). Although, psychological factors may be involved in clinic 
symptoms of UTIs, studies in female patients (21-84 age) with recurrent UTIs found that, the 
associated symptoms such as urinary urgency and frequency and chronic urethral and or 
pelvic pain decreased with doxycycline treatment and psychiatric or psychological 
treatment was skipped (Burkhard et al., 2004). Urinary tract infections are the most common 
bacterial infections in women of all ages but the incidence increases with older age (Foxman, 
2002; Shortliffe & McCue, 2002). In very old women UTIs have been associated with 
delirium (Eriksson et al., 2011) and they seem to be independently associated with low 
morale (Eriksson et al., 2010b) and multi-infarct dementia (Eriksson et al., 2010a) which 
might indicate that they are not harmless diseases. Prevention, diagnosis and treatment of 
UTIs may help for wellbeing in the old women population. 

3. Risk factors associated to UTIs in psychiatric patients 
Specific subpopulations at increased risk of UTI include infants, pregnant women, the 
elderly, patients with spinal cord injuries and/or catheters, patients with diabetes or 
multiple sclerosis, patients with acquired immunodeficiency disease syndrome/human 
immunodeficiency virus, and patients with underlying urologic abnormalities. However, 
there has been found some factors related with the mental status of the patients (Juthani-
Mehta et al., 2009; Rees & Farhoumand, 1977; Sumners et al., 1992; Wood et al., 2009) 
A wide range of risk factors have been identified that can increase susceptibility to UTI, 
which can be grouped into genetic, biological, and modifiable behavioral factors. 

3.1 Genetic factors 
Within the genetic factors that have been studied are those related with the interactions 
among the microorganisms and their host, in these cases the influence of blood group on the 
availability of receptors for attachment of uropathogenic bacteria, where depending on the 
tape of the blood group there is an enhanced attachment of bacteria to the cells (Lomberg, 
1986).  
Recently the search of genes among risk populations that could be related to UTIs 
development was performed. Some relevant founding in particular the heat shock protein 
(HSPA1B), IL-8 receptor genes (CXCR1 and 2), toll-like receptors (TLRs), and transforming 
growth factor-beta 1 (TGF-β1) genes seem to be associated with an alteration of the host 
response to UTIs at various levels.  
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3.1.1 Interleukin-8 (IL-8) and IL-8 receptor genes (CXCR1 and CXCR2)  
Several clinical studies have demonstrated IL-8 chemokine in the urine of individuals with 
acute, symptomatic UTI (Hawn et al., 2009). The CXCR1 and CXCR2 genes encode human 
chemokines receptors genes for IL-8. CXCR1 is the most important gene that seems to be 
involved in susceptibility to recurrent UTI. A reduced CXCR1 expression was observed in 
both children and adults with recurrent UTI (Foxman, 2002). CXCR1 polymorphisms were 
associated with asymptomatic bacteriuria (ASB) and a CXCR1 variant was associated with 
urine IL-8 levels (Hawn et al., 2009). This is important for schizophrenic patients were 
higher levels of constitutively IL-8 were found (Reale et al., 2011), raising the risk among 
these patients to develop UTIs. 

3.1.2 Heat shock protein (HSPA1B) gene  
HSPA1B gene encodes a 70 kDa heat shock protein (HSP) that is a member of the HSP70 
family. Patients with recurrent UTIs showed a high prevalence of the HSPA1B 1267G allele 
(Foxman, 2002). These is important for psychiatric patients because polymorphism in HSP70 
protein gene might be implicated in the development of schizophrenia (Kim et al., 2008; Pae 
et al., 2009). 

3.1.3 Toll-like receptors (TLRs) pathway genes  
TLRs are a family of germline-encoded receptors that orchestrate the innate immune 
response and recognize Pathogen-Associated Molecular Patterns (PAMPs) such as bacterial 
flagellin (TLR5), lipopolysaccharide (LPS) (TLR4), and bacterial lipopeptides (TLR1/2/6). 
Polymorphisms in TLRs 1, 4, and 5 are associated with altered risks of UTI in adult women 
(Hawn et al., 2009). The 896/AG genotype and the 896G allele of the TLR4 gene showed a 
higher prevalence among UTI patients and TLR4 expression was reduced in children with 
recurrent UTIs (Foxman, 2002). Polymorphism TLR2-G2258A, a variant associated with 
decreased lipopeptide-induced signaling, was associated with increased ASB risk (Hawn et 
al., 2009).  Differences in the expression of TLR genes have been associated with autism and 
schizophrenia (Chang et al., 2010; Enstrom et al., 2010). 

3.1.4 Transforming growth factor-beta 1 (TGF-β1) gene 
TGF-β1 gene appears to be a key cytokine involved in the regulation of cell proliferation, 
differentiation, extracellular matrix formation and immune response. TGF-β1 genes seem to 
be associated at various levels with an alteration of the host response to the UTI. TGF-β1-
509T allele showed a protective role in predisposition to recurrent UTIs because they were 
less frequent in children with recurrent UTIs (Foxman, 2002). It has been observed that 
changes in the TGF-β1 gene expression could be related to a major depressive disorder 
(Kim, 2007).  
The main genes involved in UTIs are also related to psychiatric disorders, so it is expected 
that the risk of UTIs among these patients will be enhanced. 

3.2 Biological factors  
3.2.1 Gender 
Women are significantly more likely to experience UTI than men (Foxman, 2002; Laupland 
et al., 2005; Zaffanello et al., 2010). UTIs are extremely common infections in women, 
affecting an estimated 1 in 3 women before the age of 24 years. Approximately 50% of 
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women have at least 1 symptomatic UTI during their lifetime, and many have recurrent 
episodes. Infections in men are uncommon until the age of 50 years, when increasing 
prostatic hypertrophy may obstruct urinary flow (Stamm, 2002). 

3.2.2 Age 
Patients at increased risk of urinary tract infection are pediatric and elderly patients (Nicolle, 
2009). UTIs are one of the most common infections in pediatric patients, 3% in prepubertal 
girls and 1% prepubertal boys (Shortliffe & McCue, 2002). In noninstitutionalized elderly 
populations, UTIs are the second most common form of infection (after respiratory tract 
infection), accounting for nearly 25% of all infections (Foxman, 2002; Shortliffe & McCue, 
2002). 

3.2.3 Diabetes 
Diabetes increases the risk of UTI and bacteriuria among female but not male patients. 
Patients with diabetes generally have a 2-fold to 4-fold increased incidence of bacteriuria 
over patients without diabetes. However diabetes does not appear to increase the risk of 
ASB among men (Foxman, 2002). Furthermore, diabetic patients with a UTI more often 
develop severe and rare complications, such as emphysematous cystitis and papillary 
necrosis (Schneeberger et al., 2008). 
HIV/AIDS: The incidence of UTI among both women and men who are seropositive for 
HIV is greater than among women and men who are HIV seronegative (Foxman, 2002). 

3.2.4 Urologic abnormalities 
Functional and anatomic predispositions associated with UTI are commonly observed in 
elderly patients. Changes in prostatic function in men, as well as an increased risk of 
obstructive uropathy in both men and women, may increase susceptibility to UTI. Anatomic 
changes related to childbearing and/or reproductive surgery, as well as mucosal and 
smooth muscle changes related to postmenopausal estrogen deficiency with resultant 
changes in the vaginal flora, can predispose the postmenopausal woman to UTI. Similarly, 
postmenopausal women with urinary incontinence, cystocele, postvoiding residual urine, or 
a history of premenopausal UTI are at increased risk of recurrent UTI (Shortliffe & McCue, 
2002). 

3.2.5 Pregnant patients 
UTIs are the most common bacterial infections during pregnancy, and pyelonephritis is the 
most common severe bacterial infection complicating pregnancy (Foxman, 2002). 

3.2.6 Multiple sclerosis 
The risk of UTI and bacteriuria is significantly increased (90% and 74%, respectively) among 
patients with multiple sclerosis. UTI frequently precedes multiple sclerosis relapse, and 
recurrent UTI is associated with acute exacerbation and neurologic progression of the 
disease (Foxman, 2002). 

3.2.7 Spinal cord injuries 
Patients with spinal cord injuries (SCIs) are predominantly young males. UTIs are very 
common among patients with SCIs and are always complicated in nature (Foxman, 2002). 
SCIs could cause psychiatric damages increasing UTIs risk in these patients. 
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3.3 Modifiable behavioral factors 
Frequency of sexual intercourse and use of diaphragms, condoms and/or spermicides for 
contraception, and use of antimicrobials among premenopausal women, increases 
subsequent susceptibility to UTI (Foxman, 2002; Stamm, 2002). 
Catheters: A special mention for the catheters, because catheter-associated UTI is the most 
common nosocomial infection (Foxman, 2002; Trautner & Darouiche, 2004). The risk of UTI 
increases with increasing duration of catheterization (Foxman, 2002), the majority of cases of 
nosocomial UTI are associated with an indwelling urinary catheter (Trautner, 2010). The 
elderly with indwelling urinary catheters are at especially high risk of acquiring UTIs. It has 
been suggested that UTIs are caused by organisms in the patient's urethra that contaminate 
the drainage tube and bag (Kane et al., 1985). 
Biofilm forms on the surfaces of indwelling catheters, is central to understanding the 
pathogenesis of infection of these devices. The first step in formation of catheter-associated 
biofilm is deposition of a conditioning film on the surface of the device. Urine deposits 
organic molecules such as Tamm-Horsfall glycoprotein, a slimy protein of renal origin. The 
host proteins deposited from urine may facilitate attachment to the catheter by 
uropathogens. Lately catheter became colonized. Attached, or sessile, organisms divide to 
form microcolonies and then begin to secrete the extracellular polysaccharide matrix that 
forms the architectural structure of the biofilm. Sessile organisms can detach and become 
free-floating, or planktonic. The presence of planktonic organisms in the urine can lead in 
turn to symptomatic host infection (Trautner & Darouiche, 2004). 

3.4 Psychiatric status 
Clinical assessment of UTIs in nursing home residents  usually are associated to mental 
conditions like changes in level of consciousness, periods of altered perception, 
disorganized speech, or lethargy (Juthani-Mehta et al., 2009).  
Studies of women in urology clinics indicated that the urethral syndrome is not associated 
with increased psychiatric morbidity. Patients with the urethral syndrome are no more 
neurotic than those with significant bacteriuria and that both groups require tolerance for 
the distress generated by their condition (Sumners et al., 1992). 
Women particularly suffering anxiety with recurrent cystitis have significantly more 
psychiatric symptoms than the population as a whole (Rees & Farhoumand, 1977). 
Psychological stress can impact on visceral function with pathological consequences, one 
study found that social stress produces marked changes in bladder structure and function 
induced bladder disorders (Wood et al., 2009). 
It has also been noticed that neurologic and other chronic diseases that cause incontinence 
and weakness increase the risk of UTI. For example, Alzheimer disease is associated with 
incontinence, often a form of neurologic dysmotility syndrome that could predispose to UTI 
and asymptomatic bacteriuria (ASB). Similarly, such drugs as antibiotics, anticholinergics, 
and psychotropics may have a negative effect on bladder function (Shortliffe & McCue, 
2002). 

4. Common microorganisms causing UTIs in psychiatric patients 
Psychiatric patients commonly suffer from a variety of infections and may be, more 
frequently than other populations, and the prevalence may vary substantially among 
different countries.  It has been reported among acute psychiatric patients the prevalence of 
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Psychological stress can impact on visceral function with pathological consequences, one 
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Psychiatric patients commonly suffer from a variety of infections and may be, more 
frequently than other populations, and the prevalence may vary substantially among 
different countries.  It has been reported among acute psychiatric patients the prevalence of 
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viral infections caused by human immunodeficiency, hepatitis B and hepatitis C viruses, 
monitored by serological tests (Rosenberg et al., 2001; Fernández-Egea et al., 2002). Borna 
disease virus infections were also found in psychiatric patients (Fukuda et al., 2001). 
Intestinal parasitosis was also studied among psychiatric patients in several countries 
(Haghighi et al., 2002; Cheng et al., 2005; Meza et al., 2005; Alvarado et al., 2008).  
Urinary tract infections (UTIs) are widely extended among ambulatory and hospitalized 
patients under psychiatric treatment in all around the world.  After respiratory tract 
infections UTIs were the most common reported infections (Haenen et al., 1997; Sáinz et al., 
2008). UTIs among psychiatric patients may be complicated by comorbidities as well as the 
baseline presence of asymptomatic bacteriuria and benign urinary symptoms that can 
complicate diagnosis (Shortliffe & McCue 2002).  In addition, the great diversity in 
psychiatric patients ranging from non dependent ones to the long-term care 
institutionalized patients, affects the etiology, diagnosis and management of UTIs within 
these special kinds of patients. 
The most frequently isolated bacteria strains in psychiatric patients with UTIs were 
Escherichia coli, Proteus mirabilis, Klebsiella spp. Pseudomonas aeruginosa and Staphylococcus 
aureus,  Morganella morganii, Protteus vulgaris and Citrobacter freundii were also found 
(Gabastou et al., 1995; Sáinz et al., 2008). In a recent study among inpatients of a Psychiatric 
Hospital in Mexico (Sáinz et al., 2008) in order to investigate E. coli serotypes associate to 
UTIs, it was found that the most frequent serogroups were O75, O1 and O2, being O75:H44 
the most common serotype, followed by O1:HNM. All these serotypes belong to the UPEC 
pathotype as reported by JR Johnson (Johnson, 1991). Klebsiella pneumoniae and Morganella 
morganii strains were also isolated. 
Among the main virulence factors associated with E. coli strains that cause UTIs are: 
adherence to solid substrates of host structures, in order to avoid being swept along by the 
normal flow of body fluids like urine (Johnson, 1991), and P fimbriae.  In the late 1970s it 
was recognized for the first time that strains of E. coli causing UTIs typically agglutinate 
human erythrocytes, despite the presence of mannose therefore these strains are known as 
mannose resistant hemagglutination, (MRHA). The close association observed in individual 
strains between epithelial-cell adherence and MRHA was explained by the discovery that 
among most urinary isolates, both properties are mediated by fimbriae.  Type 1 and P 
fimbriae are commonly investigated in E. coli UTIs strains (Johnson, 1991). 
PCR techniques have been utilized in order to investigate several virulence genes like papA 
and also important autotransporter (SPATE’s) toxin genes like sat and pic present in many E. 
coli UTIs strains (Sáinz et al., 2008). In the study carried out in Mexico in all the UPEC 
(Uropathogenic E. coli) strains the three genes were present and also they were identified in 
serotypes O134:HNM, O139:H10 (Sáinz et al., 2008).  Proteus mirabilis was also isolated from 
urine samples of the psychiatric patients studied in Mexico and a DNA probe designed from 
a conserved sequence of some SPATEs proteins, identified some genes in these strains. 

4.1 Antibacterial therapy and bacterial resistance 
First-line treatment of acute uncomplicated UTI has traditionally involved a regimen of 
trimethoprim-sulfametoxazole (TMP-SMX) or TMP alone for patients with sulfa allergies 
(Karpman & Kurzrock, 2004; Nicolle, 2002). Increasing resistance among Escherichia coli to 
TMP-SMX worldwide has led to the reassessment of the most appropriate empiric therapy 
for these infections.  Alternative first-line agents include the fluoroquinolones, 
nitrofurantoin, cephalothin and fosfomycin (Nicolle, 2002; Gupta, 2002). Enterobacteriaceae 
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are progressively becoming resistant to aminopenicillines, but remain sensitive to third 
generation cephalosporines.  A study of antibiotic susceptibility of strains isolated from five 
hospitals in Paris reported that at least 30% of the P. aeruginosa strains are resistant to 
ciprofloxacine (Gabastou et al., 1995). In the Mexican study E. coli isolated strains showed 
resistance to TMP-SMX, amoxicillin, piperaciline, ciprofloxacine and norfloxacine  (Sáinz et 
al., 2008). Resistant phenotypes to antibiotics of the strains isolated in patients from 
psychiatric hospitals are located between those observed in outpatients and in patients from 
non psychiatric hospitals. However, we noticed a worrying evolution of resistance to those 
encountered in psychiatric hospitals. Therefore, a multiresistant strains emergence 
monitoring must be carried out regularly. 

5. Interaction of antibiotics with drugs used for psychiatric treatment 
Surveillance of adverse effects of psychotropic drugs is a major concern of health systems 
(Aagaard et al., 2010; Lin et al., 2010; Wysowski et al., 2005;  Moore et al., 2007) in fact, 
psychiatric patients mainly elderly represent a high risk population of being affected by 
drug interactions (Janchawee et al., 2005; Hosia-Randell et al., 2008). Interactions of 
psychotropic drugs and antibiotics are potentially dangerous because sometimes cause 
adverse events which result in life threatening to patients. In contrast with patients with 
acute illness who require short-term therapy with one medication, psychiatric patients 
suffering chronic illness (for instance, depression) which require prolonged treatment with 
psychotropic drug and medications for other comorbid symptoms. Therefore, they are more 
exposed to the consequences of drug interactions (Ereshefsky et al., 2009). In psychiatric 
patients, treatment of UTIs requires the choice of an accurately selection of antibiotics in 
order to maximize their effectiveness and minimize collateral interactions with the 
psychotropic drugs prescribed for them. Therapy for uncomplicated or complicated 
symptomatic UTIs is based in the application of antibiotics including quinolones, 
cephalosporines, betalactamics, nitrofurantoin, fosfomycin, trimethoprim (TMP) alone or in 
combination with sulfamethoxazol (TMP-SMX). Nevertheless antibiotics are invaluable for 
the control of pathogens causing UTIs (Nicolle, 2002) an intrinsic toxicity is associated to 
their administration. Toxic effect of antibiotics applied for UTIs therapy including for 
example, hepatoxicity (sulphonamides), nephrotoxicity (cephalosporines, sulphonamides, 
quinolones), hepatoxicity (fluoroquinolones, sulphonamides), neurotoxicity and 
cardiotoxicity (fluoroquinolones) (Wawruch et al., 2002). The growing rate of resistance to 
antibiotics like TMP-SMX, has lead to the use of quinolones mainly those from 
fluoroquinolone group. In clinical practice, fluoroquinolones most widely use are 
ciprofloxacin, gatifloxacin and levofloxacin and those of limited use include norfloxacin and 
ofloxacin (Schaeffer, 2002). At present, fluoroquinolones are used as the first choice for the 
treatment of complicated UTIs in patients from all ages who cannot tolerate sulphonamides 
or TMP, those who has risk factors for TMP-SMX resistance or who lives in geographical 
areas of high spreading of bacterial resistance to TMP/SMX (Schaeffer, 2002). However, 
adverse effects are commonly reported with fluoroquinolones (Louro et al., 2007; Owens, 
2005). Drug interactions with psychotropic drugs focused antibiotics commonly prescribed 
for UTIs are described next.  
Ciprofloxacin is a fluoroquinolone widely prescribed in patients with uncomplicated UTIs, 
complicated UTIs or acute uncomplicated pyelonephritis (Blondeau, 2004) but some adverse 
effects have been reported. In psychiatric patients under electroconvulsive therapy (ECT) 
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ciprofloxacin prolonged the electroconvulsive therapy seizures which are serious adverse 
effects of ECT as it was reported in cases reports of schizophrenia (Saito et al., 2008) and 
depression postpartum in a woman with UTIs (Kisa et al., 2005). Moreover ciprofloxacin 
displays intrinsic toxic such as thrombocytopenia as it was reported in a patient diagnosed 
with UTIs (Starr et al., 2005). Additionally, use of fluoroquinolones leads to the risks of 
adverse effects of interactions with psychotropic drugs (Fish, 2001). Ciprofloxacin 
apparently does not alter the elimination of some tranquilizers drugs like diazepam  
(Wijnands et al., 1990) however, causes clinically interaction with clozapine (Markowitz et 
al., 1997) , an anti-psychotropic drug usually prescribed for treatment of schizophrenia, 
bipolar disorder, psychotic refractory depression and Parkinson´s disease in psychotic 
patients (Solanki et al., 2007). As reported in a randomized double blind cross over study in 
schizophrenic inpatients, ciprofloxacin strongly inhibited clozapine metabolism associated 
to the increase in serum levels of clozapine and a metabolic derivative, N-
desmethylclozapine, (Raaska et al., 2000). In a case report of one patient with urosepsis 
under clozapin therapy, treatment with ciprofloxacin followed by rhabdomyolisis i.e. 
destruction of skeletal muscle and subsequent leaking of muscle protein into the urine, was 
caused by a toxic accumulation of clozapin associated to the inhibition of cytochrome P450 
(CYP) enzymes1A2 and 3A4 (Brouwers et al., 2009). The high serum levels of clozapin 
caused by ciprofloxacin in patients with symptomatic UTI under clozapin therapy produce 
some toxic effects including dizziness, somnolence (Sandson et al., 2007) myocarditis 
(Brownlowe, 2008). On other hand, serotonin syndrome caused by excessive serotoninergic 
activity of neurones is a potential life threatening disorder caused by the interaction of 
ciprofloxacin with serotonin re-uptake inhibitors drugs used as antidepressant (Montané et 
al., 2009) such as venlafaxine (Lee, 2009). Levofloxacin is a fluoroquinolone with 
epileptogenic properties causing of seizures (Bellon et al., 2009) and displays toxic effects in 
combination with lithium (Takahashi et al., 2000), used to treat the episodes of manic 
depression. Other fluoroquinolone antibiotic, i.e. gatifloxacin causes exacerbation of 
psychotic symptoms in patients with schizoaffective disorder when is concurrently 
administered with quetiapine, an antipsychotic drug, and with setraline, a selective 
serotonin-reuptake inhibitor commonly prescribed as an anti-depressant and with risperdal 
used in the treatment of paranoid schizophrenia (Reeves, 2007). 
Betalactamic antibiotics used as second choice agents for UTIs antimicrobial treatment 
(Shortliffe & McCue, 2002) and specially prescribed for pielonephritis (Nicolle, 2002), have 
been associated to adverse effects. In psychiatric patients under ECT, piperacillin (synthetic 
penicillin derivative) and cefotiam (a cephalosporine) displayed epileptogenic effects 
causing of tardive seizure (Saito et al., 2008). Convulsive neurotoxic effect resulting from the 
interaction of penicillin derivatives in combination with flunitrazapam, a sedative 
benzodiazepine, has been associated to the affinity of penicillin derivatives with 
benzodiazepine receptor (Antoniadis et al., 1980). Additionally, a case of serotonin 
syndrome after single doses of co-amoxiclav a trade mark to denote the combination of 
amoxicillin and clavulanic acid (betalactamic derivatives) was reported in a patient taking 
venlafaxine as maintenance treatment for depression (Connor, 2003).  In a study with 
patients chronically treated with anticonvulsants or chlorpromazine an antipsychotic drug 
and hetacillin a betalactamic antibiotic no interaction on the metabolism of these 
psychotropic drugs was observed (Galanopoulou et al., 1990).  
Other antibiotics like trimethoprim, sulfamethoxazol prescribed for uncomplicated UTIs, 
pyelonephritis (Nicolle, 2002) and acute UTIs (Shorthliffe & McCue, 2002), have been 

Urinary Tract Infections in Psychiatric Patients 183 

associate to the increase of toxic levels of clozapine in a patient with maniac and paranoid 
syndrome with urosepsis (Jecel et al., 2005). It has also been reported that nitrofurantoin, 
trimetroprim and sulfamethoxazol could cause adverse reactions including gastrointestinal 
disturbances, cutaneous reactions, pulmonary toxicity, hepatic and haematological toxicity 
(Karpman & Kurzrock, 2004).  

6. Conclusions 
UTIs are a common bacterial complication that is associated with morbidity but not 
mortality in psychiatric patients mainly the elderly. There is a relative paucity of research 
about the prevalence of UTIs in psychiatric population because UTIs are not always 
reportable diseases. 
The etiology of UTIs is also affected by underlying host factors that complicate UTI, such as 
age, diabetes, catheterization and psychiatric conditions like lethargy, anxiety and 
Alzheimer disease. Currently genetic factors that may be involved in UTIs are also present 
in patients with mental problems, where the same gene is altered enhancing the risk of a 
UTIs, that is the case for schizophrenic patients with IL-8 or HSPA1B polymorphic genes 
that are also implicated in the development of these infections. 
The microbial etiology of urinary infections has been regarded as well established and 
reasonably consistent. Enterobacteriaceae family members like Escherichia coli remain the 
predominant uropathogen isolated in acute uncomplicated infections. Moreover other 
genders like  Klebsiella, Enterobacter and Proteus species frequently cause complicated UTIs. 
Other common uropathogens include Pseudomonas and Staphylococcus spp. The pathogens 
traditionally associated with UTI are changing many of their features, particularly because 
of antimicrobial resistance.  
The advances in molecular biology may facilitate the identification of new etiologic agents 
for UTI. A renewed interest in the etiology and management of UTI has surfaced over the 
past few years.  The need for accurate and updated population surveillance data is apparent, 
particularly in light of concerns regarding antimicrobial resistance. 
Antimicrobial treatment of symptomatic UTIs should be carefully prescribed and supported 
with laboratory diagnostic, in order to ensure the effectiveness of the antibiotic, and to avoid 
bacterial resistances. Drug surveillance should reduce the possibility of side effects or 
interactions with the psychotropic drugs that are prescribe in clinical illness that affects the 
psychiatric patients. 
More studies are needed to better define the epidemiology and management of these 
infections in this special type of patients. 
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1. Introduction 
1.1 Incidence and costs 
UTIs are a major source of morbidity and associated healthcare costs in the United States 
(US). Community-acquired UTIs largely affect women of reproductive age, with 11% of 
women experiencing infections each year, one-third of women having an infection by the 
age of 26, and 60% experiencing at least one infection during their lifetime (Foxman et al., 
2000). In 1997, the last year for which epidemiological data is available, these infections 
resulted in 7 million physician office visits and 1 million emergency room visits (Foxman, 
2002). Treatment of these infections cost $1.6 billion in 1995 (Foxman et al., 2000), which is 
the equivalent of $2.2 billion in inflation-adjusted 2009 dollars. UTIs are also a major health 
problem for hospitalized patients, especially those undergoing long-term catheterization. 
Catheter-associated UTIs account for >40% of nosocomial infections, with over 1 million 
cases per year at a cost of $451 million (Jacobsen et al., 2008).  

1.2 Diagnosis 
UTIs are defined clinically by the presence of a significant level of bacteria in the urine (i.e. 
bacteriuria). Guidelines vary, but typically a pure culture of between 104-106 colony forming 
units (CFUs)/milliliter (mL) of urine is indicative of a UTI. Patient symptoms are painful, 
urgent and frequent urination, along with malodorous and/or cloudy urine. Signs of 
infection include the presence of blood (hematuria) or white blood cells (pyuria) in urine. 
UTIs comprise a spectrum of diseases of varying severity, with different outcomes and 
treatment guidelines. Asymptomatic infections are referred to as asymptomatic bacteriuria 
(ABU), whereas symptomatic infections are classified as either cystitis if they are confined to 
the bladder or pyelonephritis if the infection has spread to the kidneys. Due the absence of 
symptoms, ABU is often only discovered through a positive urine culture, and does not 
require treatment unless risk factors for complication are present (e.g. pregnancy, kidney 
transplantation). Most catheter-associated nosocomial UTIs can be categorized as ABU, 
since the presence of a urinary catheter obscures patient symptoms. Cystitis is normally 
treated on an out-patient basis with oral antimicrobial therapy, although recurrence is a 
major problem, with 27% of patients experiencing another episode within 6 months and 44% 
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experiencing another episode within 1 year (Foxman, 1990, Ikaheimo et al., 1996). In addition 
to the symptoms of cystitis, pyelonephritis is characterized by fever, flank pain and 
vomiting. Pyelonephritis is a serious and potentially life-threatening condition that 
frequently results in hospitalization—nearly 200,000 such cases in were reported in the US 
in 1997 (Foxman et al., 2003). Pyelonephritis patients are at very high risk of developing 
sepsis (i.e. urosepsis), and 25% of all sepsis cases originate from a UTI (Wagenlehner et al., 
2008).  

1.3 Etiology 
The source of UTI pathogens is generally considered to be the patient’s own flora. UTIs are 
preceded by colonization of the vagina and periurethral area by uropathogens from the GI 
tract (Hilbert, 2011). Women are much more susceptible than men to community-acquired 
UTIs, in part, due to the female anatomy in that a much shorter urethra allows pathogens 
easier access to the bladder. Uropathogenic Escherichia coli (UPEC) is responsible for >80% of 
community-acquired UTIs, with most other infections caused by Staphylococcus 
saprophyticus, Klebsiella pneumoniae, Proteus mirabilis and Enterococcus faecalis (Ronald, 2003). 
UPEC is the cause of between one-third and one-half of all nosocomial UTIs, which in 
addition to the previously mentioned uropathogens, are also caused by Enterobacter spp., 
Pseudomonas aeruginosa, Group B streptococci and fungal pathogens (e.g. Candida spp.) 
(Mathai et al., 2001, Gordon & Jones, 2003, Hidron et al., 2008). Eighty percent of nosocomial 
UTIs are catheter-associated, as insertion of the catheter introduces fecal microbes and 
genital flora into the urinary tract (Jacobsen et al., 2008). 

2. Treatment 
2.1 Community-acquired UTIs 
Community-acquired symptomatic UTIs are treated with empirical antimicrobial therapy 
upon diagnosis based on patient symptoms. Urine cultures are recommended for 
complicated and recurrent cases, and may be performed for uncomplicated cases, although 
physician guidelines vary. Since treatment will precede identification of the pathogen, local 
trends for antibiotic resistance must be accounted for. The recommended first-line antibiotic 
therapy for cystitis is either 100 milligrams (mg) of nitrofurantoin per day for 5 days or 160 
mg-800 mg of trimethoprim-sulfamethoxazole (SXT) per day for 3 days. Nitrofurantoin 
should be avoided if pyelonephritis is suspected, as this drug only reaches an effective 
concentration in the bladder. SXT should be avoided if resistance in the area is >20% or if 
the patient has been treated with this antibiotic in the last three months. Another option for 
treatment is Pivmecillinam (400 mg daily for 3-7 days), but this drug is not approved for use 
in North America and some European countries. Fosfomycin (3 gram single dose) can also 
be used, but some studies suggest it is less effective than nitrofurantoin or SXT. Although 
amoxicillin and ampicillin should be avoided due to endemic resistance, 3-7 day courses of 
the -lactam--lactamase inhibitor combination amoxicillin-clavulanic acid, as well as 
cephalosporins such as cefaclor, cefdinir and cefpodoxime proxetil, may be used. However, 
they exhibit less effectiveness and are associated with more adverse effects than the 
recommended front-line therapies (nitrofurantoin and SXT). Fluoroquinolones (e.g. 
ciprofloxacin, ofloxacin and levofloxacin) are highly effective in 3-day courses, resistance is 
minimal and they are well-tolerated, but are only recommended as second-line therapies as 
they are highly useful for more serious infections and their judicious use will delay the rise 
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of resistance. Pyelonephritis is a much more serious conditions, often requiring 
hospitalization and paranteral administration of antibiotics—either ceftriaxone (400 mg) or a 
consolidated twenty-four hour dose (i.e. 7 mg drug/kg body weight) of an aminoglycoside 
(gentaminicin or tobramycin), in addition to oral ciprofloxacin (Gupta et al., 2011). 

2.2 Pregnant patients 
Although pregnant women are not at an increased risk for UTIs in general, they are more 
likely to develop pyelonephritis than non-pregnant women. Approximately 4-6% of both 
pregnant and non-pregnant women exhibit ABU. For otherwise healthy non-pregnant 
women, there is no need for treatment. However, if ABU is left untreated during pregnancy,  
20-40% of these women will develop pyelonephritis, often during the third trimester 
(Macejko & Schaeffer, 2007). As a consequence, The American College of Obstetricians and 
Gynecologists recommends screening for ABU in all pregnant women at sixteen weeks of 
gestation (Millar & Cox, 1997), and patients with positive cultures should be treated. The 
most important consideration in treatment is that it must be safe for both mother and fetus. 
Therefore, fluoroquinolones and trimethoprim should not be used, as they are assigned to 
the US Food and Drug Administration (FDA) pregnancy risk “C” category (gestational risk 
in animal studies and no adequate human studies performed). As with non-pregnant 
patients, nitrofurantoin can be used as a front-line therapy. As noted previously, 
nitrofurantoin is not recommended for treatment of pyelonephritis due to poor tissue 
penetration. Patients should have a follow-up urine culture one week later to determine if 
treatment was successful, as 20-30% of patients will require additional treatment. In 
addition, up to one-third of pregnant women will suffer a recurrent infection during 
pregnancy. Therefore, after the initial episode, either administration of prophylactic 
antimicrobial therapy (50-100 mg of nitrofurantoin nightly) or frequent urine cultures 
should be performed throughout the pregnancy (Macejko & Schaeffer, 2007). Any pregnant 
patient who develops pyelonephritis should be admitted and treated with paranteral 
antimicrobial therapy (see above). Complications of pyelonephritis during pregnancy 
include low fetal birth weight and neonatal death, as well as maternal anemia, hypertension, 
renal failure and sepsis. 

2.3 Catheter-associated UTIs 
Nosocomial UTIs are usually associated with catheterization, and asymptomatic infections 
are not normally treated unless additional complications are present. For symptomatic 
patients, the recommended procedure is replacement of the catheter combined with a 7-14 
days of treatment with an agent to which the pathogen is susceptible (e.g. SXT). Specifically, 
it has been found that a 5-day course of levofloxacin (oral or paranteral) is an appropriate 
treatment for patients who are not severely ill. Unlike community-acquired UTIs, culturing 
of a urine sample to identify the uropathogen and determination of antimicrobial 
sensitivities is recommended prior to treatment, due to the diversity of nosocomial 
uropathogens and high rates of resistance (Hooton et al., 2010).  

3. Antimicrobial resistance 
3.1 Uropathogenic E. coli (UPEC) 
3.1.1 -lactam antibiotics 
-lactams antibiotics are the oldest and most broadly used class of antibiotics. They exert a 
bactericidal effect by inhibiting bacterial cell wall synthesis and are administered both orally 
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and parenterally to treat a wide variety of bacterial infections. These antibiotics fall into 
three major structural categories—penicillins, cephalosporins and carbapenems. Penicillins, 
such as ampicillin and amoxicillin, were used previously as front-line therapies for UTIs. 
Resistance to these agents is mediated by -lactamases which degrade them, and these 
enzymes play an important role in antibiotic-refractory UTIs. The TEM, SHV and OXA 
classes of -lactamases hydrolyze penicillin -lactam antibiotics (e.g. amoxicillin) and are 
widely distributed among UPEC (Simpson et al., 1980), resulting in 38-48% of these isolates 
being ampicillin-resistant (Schito et al., 2009, Zhanel et al., 2006). The genes encoding these 
-lactamases are usually found on plasmids that are horizontally transferred between 
bacteria. Penicillin -lactam resistance can be overcome by combining the penicillin -lactam 
with a -lactamase inhibitor, such as ampicillin-sulbactam, amoxicillin-clavulanic acid or 
piperacillin-tazobactam. However, inhibitor-resistant TEM -lactamases have evolved, 
leading to emerging UPEC resistance—the Antimicrobial Resistance Epidemiological 
Survey (ARESC) of nine European countries and Brazil collected 2,315 UPEC isolates and 
found that 3.8% were resistant to amoxicillin-clavulanic acid (Schito et al., 2009). Similarly, 
the  SENTRY antimicrobial resistance surveillance program analyzed 1,316 nosocomial 
UPEC isolates in North America, Latin America and Europe and found 5% resistance to this 
combination (Gordon & Jones, 2003). Mutant TEM and SHV -lactamases have emerged that 
hydrolyze not only penicillins but also third-generation extended-spectrum cephalosporin 
-lactam antibiotics (e.g. ceftriaxone). These enzymes are referred to as extended-spectrum 
-lactamases (ESBLs). UPEC resistant to cerufoxime, and therefore expressing ESBLs, are 
responsible for 2.4% of community-acquired infections and 4% of nosocomial infections 
(Schito et al., 2009, Gordon & Jones, 2003). In addition, the US National Healthcare Safety 
Network analyzed 2,009 UPEC isolates from catheter-associated UTIs and found that 5.5% 
of isolates expressed ESBLs (defined by resistance to ceftriaxone or ceftazidime) (Hidron et 
al., 2008). Another class of -lactamases is CTX-M, which originated by horizontal transfer of 
a chromosomal -lactamase gene from the non-pathogenic genus Kluyvera. The epidemic 
UPEC clone O25:H4-ST131 encodes CTX-M-15, rendering it cephalosporin-resistant 
(Nicolas-Chanoine et al., 2008). The most recent evolution in -lactam resistance is the 
emergence of carbapenemases, enzymes that hydrolyze carbapenem of -lactam antibiotics, 
which are resistant to degradation by other ESBLs. Carbapenemases are already a problem 
among catheter-associated UTIs, with 4% of isolates resistant to imipenem, meropenem or 
ertapenem (Hidron et al., 2008). In addition,  the New Delhi metallo---lactamase-1 (NDM-
1) carbapenemase, has been identified in a O25:H4-ST131 UPEC isolate (Peirano et al., 2011). 
Although -lactam--lactamase inhibitor combinations, cephalosporins and carbapenems 
remain effective for UTI treatment, epidemiological trends suggest that emerging resistance 
will be problematic. For example, a study analyzing 11,407 UPEC isolates from community-
acquired infections determined that the prevalence of ESBLs increased from 0.21% in 2003 to 
3% in 2008 (Qi et al., 2010). 

3.1.2 Trimethoprim-sulfamethoxazole (SXT) 
Trimethoprim and sulfamethoxazole are both inhibitors of bacterial folate synthesis, which 
is required for de novo synthesis of thymidine, and therefore DNA synthesis. They are 
administered orally in combination as a 1:5 ratio (SXT). Traditionally a front-line therapy for 
UTIs, their utility has decreased in certain areas due to increasing resistance. In general, 
guidelines state that SXT should be avoided once resistance reaches 15-20%(Gupta et al., 
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2011). The North American Urinary Tract Infection Collaborative Alliance (NAUTICA) study 
analyzed resistance among 1,142 UPEC isolates from outpatients at 40 medical centers and 
found that 21% were resistant to SXT (Zhanel et al., 2006). Similarly, the ARESC study found 
that 29% of UPEC isolates were resistant (Schito et al., 2009). Trimethoprim and 
sulfamethoxazole inhibit dihydrate folate reductase, and dihydropteroate synthetase, 
respectively, and resistance to SXT can be mediated by horizontal transfer of genes encoding 
resistant versions of these enzymes. A study of 305 SXT-resistant UPEC isolates found that 
66% of them encoded a dfr allele encoding a trimethoprim-resistant dihydrate folate 
reductase, and 96% of them had a sul gene encoding a sulfamethoxazole-resistant 
dihydropteroate synthetase. The presence of these genes on integrons and plasmids 
facilitates their spread among bacterial populations (Blahna et al., 2006).  

3.1.3 Fluoroquinolones 
Fluoroquinolones, such as ciprofloxacin and levofloxacin, target bacterial DNA gyrase and 
topoisomerases, enzymes responsible for DNA unwinding during DNA replication. They 
are currently recommended for use as second-line agents for uncomplicated UTIs, and 
front-line therapy for nosocomial UTIs and pyelonephritis (Gupta et al., 2011, Hooton et al., 
2010). Resistance to these agents is largely due to mutations in the gyrA gene encoding the 
gyrase enzyme. (Weigel et al., 2002). The NAUTICA, ARESC and SENTRY studies reported 
UPEC resistance rates of 5-6%, 8% and 11%, respectively (Gordon & Jones, 2003, Schito et al., 
2009, Zhanel et al., 2006). Alarmingly, 25% of UPEC from catheter-associated UTIs are 
fluoroquinolone-resistant (Hidron et al., 2008). The rate of UPEC fluoroquinolone resistance 
appears to be increasing rapidly. Between 1998 and 2005, a four-fold increase in levofloxacin 
prescriptions for UTIs at one medical center was correlated with an increase in resistance 
from 1% to 9% (Johnson et al., 2008). Similarly, a comparison of 2073 nosocomial UPEC 
isolates from 1990-1994 to 3112 isolates from 2000-2004 found that resistance to ciprofloxacin 
increased from 0.9% to 9.8% (Klevens et al., 2008). 

3.1.4 Nitrofurantoin 
Nitrofurantoin is currently recommended as a front-line agent for the treatment of 
community-acquired cystitis (Gupta et al., 2011). The NAUTICA and ARESC studies of 
community-acquired UTIs found only 1.1% and 1.6% of UPEC isolates were nitrofurantoin 
resistant, respectively (Schito et al., 2009, Zhanel et al., 2006). Nitrofurantoin is a pro-drug, 
and when reduced it becomes highly reactive, damaging bacterial DNA. A laboratory study 
identified mutations in the nitroreductase-encoding genes nsfA and nsfB that led to 
resistance. However, the presence of these mutations was associated with poor bacterial 
growth, thus explaining why they are not commonly identified in resistant clinical isolates 
(Sandegren et al., 2008). Nitrofurantoin is often recommended for treatment of pregnant 
patients, as there are concerns about the safety of fluoroquinolones and trimethoprim for 
this population (Macejko & Schaeffer, 2007). However, it is important to note that 
nitrofurantoin is not useful for the treatment of pyelonephritis, and also that many 
uropathogens other than E. coli, such as K. pneumoniae, P. mirabilis and P. aeruginosa, are non-
susceptible. 

3.1.5 Fosfomycin 
Fosfomycin is a broad-spectrum Streptomyces-produced antibiotic that inhibits bacterial cell 
wall synthesis, and is currently recommended as a front-line therapy for community-
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responsible for 2.4% of community-acquired infections and 4% of nosocomial infections 
(Schito et al., 2009, Gordon & Jones, 2003). In addition, the US National Healthcare Safety 
Network analyzed 2,009 UPEC isolates from catheter-associated UTIs and found that 5.5% 
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3.1.2 Trimethoprim-sulfamethoxazole (SXT) 
Trimethoprim and sulfamethoxazole are both inhibitors of bacterial folate synthesis, which 
is required for de novo synthesis of thymidine, and therefore DNA synthesis. They are 
administered orally in combination as a 1:5 ratio (SXT). Traditionally a front-line therapy for 
UTIs, their utility has decreased in certain areas due to increasing resistance. In general, 
guidelines state that SXT should be avoided once resistance reaches 15-20%(Gupta et al., 
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2011). The North American Urinary Tract Infection Collaborative Alliance (NAUTICA) study 
analyzed resistance among 1,142 UPEC isolates from outpatients at 40 medical centers and 
found that 21% were resistant to SXT (Zhanel et al., 2006). Similarly, the ARESC study found 
that 29% of UPEC isolates were resistant (Schito et al., 2009). Trimethoprim and 
sulfamethoxazole inhibit dihydrate folate reductase, and dihydropteroate synthetase, 
respectively, and resistance to SXT can be mediated by horizontal transfer of genes encoding 
resistant versions of these enzymes. A study of 305 SXT-resistant UPEC isolates found that 
66% of them encoded a dfr allele encoding a trimethoprim-resistant dihydrate folate 
reductase, and 96% of them had a sul gene encoding a sulfamethoxazole-resistant 
dihydropteroate synthetase. The presence of these genes on integrons and plasmids 
facilitates their spread among bacterial populations (Blahna et al., 2006).  

3.1.3 Fluoroquinolones 
Fluoroquinolones, such as ciprofloxacin and levofloxacin, target bacterial DNA gyrase and 
topoisomerases, enzymes responsible for DNA unwinding during DNA replication. They 
are currently recommended for use as second-line agents for uncomplicated UTIs, and 
front-line therapy for nosocomial UTIs and pyelonephritis (Gupta et al., 2011, Hooton et al., 
2010). Resistance to these agents is largely due to mutations in the gyrA gene encoding the 
gyrase enzyme. (Weigel et al., 2002). The NAUTICA, ARESC and SENTRY studies reported 
UPEC resistance rates of 5-6%, 8% and 11%, respectively (Gordon & Jones, 2003, Schito et al., 
2009, Zhanel et al., 2006). Alarmingly, 25% of UPEC from catheter-associated UTIs are 
fluoroquinolone-resistant (Hidron et al., 2008). The rate of UPEC fluoroquinolone resistance 
appears to be increasing rapidly. Between 1998 and 2005, a four-fold increase in levofloxacin 
prescriptions for UTIs at one medical center was correlated with an increase in resistance 
from 1% to 9% (Johnson et al., 2008). Similarly, a comparison of 2073 nosocomial UPEC 
isolates from 1990-1994 to 3112 isolates from 2000-2004 found that resistance to ciprofloxacin 
increased from 0.9% to 9.8% (Klevens et al., 2008). 

3.1.4 Nitrofurantoin 
Nitrofurantoin is currently recommended as a front-line agent for the treatment of 
community-acquired cystitis (Gupta et al., 2011). The NAUTICA and ARESC studies of 
community-acquired UTIs found only 1.1% and 1.6% of UPEC isolates were nitrofurantoin 
resistant, respectively (Schito et al., 2009, Zhanel et al., 2006). Nitrofurantoin is a pro-drug, 
and when reduced it becomes highly reactive, damaging bacterial DNA. A laboratory study 
identified mutations in the nitroreductase-encoding genes nsfA and nsfB that led to 
resistance. However, the presence of these mutations was associated with poor bacterial 
growth, thus explaining why they are not commonly identified in resistant clinical isolates 
(Sandegren et al., 2008). Nitrofurantoin is often recommended for treatment of pregnant 
patients, as there are concerns about the safety of fluoroquinolones and trimethoprim for 
this population (Macejko & Schaeffer, 2007). However, it is important to note that 
nitrofurantoin is not useful for the treatment of pyelonephritis, and also that many 
uropathogens other than E. coli, such as K. pneumoniae, P. mirabilis and P. aeruginosa, are non-
susceptible. 

3.1.5 Fosfomycin 
Fosfomycin is a broad-spectrum Streptomyces-produced antibiotic that inhibits bacterial cell 
wall synthesis, and is currently recommended as a front-line therapy for community-
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acquired UTIs (Gupta et al., 2011). In vitro studies found high rates of spontaneous 
resistance, but these mutants grew poorly, suggesting that clinical resistance should be rare 
(Nilsson et al., 2003). Indeed, the ARESC study found that only 0.6% of UPEC isolates were 
resistant (Schito et al., 2009). In addition, a recent meta-study analyzing 1657 ESBL-
producing E. coli isolates, most of which were UPEC, found that 97% of them were 
susceptible to fosfomycin (Falagas et al., 2010). Therefore, fosfomycin may have significant 
utility in combating emerging UPEC antibiotic resistance. 

3.1.6 Multi-drug resistant UPEC clones 
In addition to general trends of increasing antibiotic resistance, specific multidrug-
resistant UPEC clones have emerged. A year-long outbreak of O15:K52:H1 E. coli occurred 
in London in 1986-7, causing up to 13% of UTIs in this area during this time period. Most 
of these isolates were resistant to SXT, ampicillin, chloramphenicol, streptomycin and 
tetracycline (Phillips et al., 1988, O'Neill et al., 1990). Analysis of 100 different O15:K2:H1 
clones, isolated over a span of 30 years, revealed that SXT resistance first emerged in this 
lineage in 1986 and fluoroquinolone resistance in 1995 (Olesen et al., 2009). A separate 
group of isolates (also related to O:15:K2:H1), termed clonal Group A (CGA), accounted 
for 50% of SXT-resistant, and 11% of total, cystitis isolates from three geographically 
distinct sites in the US. These isolates typically had similar O (lipopolysaccharide) 
antigens, encoded similar virulence factors and were frequently multidrug resistant 
(Manges et al., 2001). CGA isolates also comprise 34% of SXT-resistant, and 7% of total, 
SXT-resistant pyelonephritis isolates (Johnson et al., 2002). The third major antibiotic-
resistant UPEC clone is O25:H4-ST131, which expresses the CTX-M-15 ESBL rendering it 
resistant to third-generation cephalosporins (Nicolas-Chanoine et al., 2008). These three 
clonal groups accounted for 37% of total UPEC isolates, 44% of SXT-resistant isolates and 
64% of fluoroquinolone-resistant isolates in Canada from 2002-4 (Johnson et al., 2009). 
One-third of ciprofloxacin-resistant UPEC clones in a European study belonged to the 
O15:K2:H1 or O25:H4-ST131 groups (Cagnacci et al., 2008). There are also reports that the 
O25:H4-ST131 lineage has acquired the NDM-1 carbapenemase (Peirano et al., 2011) in 
North America and fosfomycin resistance in Spain (Oteo et al., 2009), indicating that  
this lineage will continue to evolve multi-drug resistance and be a major public health  
issue. 

3.2 Resistance of other uropathogens 
3.2.1 Staphylococcus saprophyticus 
S. saprophyticus is a responsible for 2-6% of uncomplicated UTIs (Kahlmeter, 2003, Schito et 
al., 2009). The ARESC study found resistance rates of 36% for ampicillin and 10% for SXT 
(Schito et al., 2009). An earlier study analyzing isolates from sixteen European countries and 
Canada obtained different results, with only 2% of isolates resistant to ampicillin and none 
resistant to SXT (Kahlmeter, 2003). However, both studies found that >99% of isolates were 
sensitive to amoxicillin-clavulanic acid. 

3.2.2 Klebsiella pneumoniae 
K. pneumoniae is responsible for 1-6% of uncomplicated UTIs (Kahlmeter, 2003, Schito et al., 
2009). In addition to being intrinsically resistant to ampicillin and nitrofurantoin, resistance 
to other antibiotics is very common among these isolates. One study found non-
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susceptibility rates to be 23% for SXT, 21% for cefuroxime (a second-generation 
cephalosporin), 12% for fosfomycin and 6% for ciprofloxacin (Schito et al., 2009). An earlier 
study found a similar resistance pattern, although overall prevalence was lower (Kahlmeter, 
2003). In both studies, 94-99% of isolates were susceptible to ciprofloxacin and 91-96% were 
susceptible to amoxicillin-clavulanic acid. In addition, K. pneumoniae is the cause of 8-11% of 
nosocomial catheter-associated UTIs, and 17-21% of these isolates are resistant to extended-
spectrum cephalosporins and 10% are resistant to carbapenems (Hidron et al., 2008, Gordon 
& Jones, 2003).  

3.2.3 Proteus mirabilis 
P. mirabilis is the cause of 3-5% of uncomplicated UTIs. P. mirabilis is intrinsically non-
susceptible to nitrofurantoin, and also has high levels of non-susceptibility to other common 
UTI therapies—15-38% for SXT, 16-33% for ampicillin and up to 14% for fosfomycin and 
10% for ciprofloxacin. The lowest levels of non-susceptibility were observed for amoxicillin-
clavulanic acid (1-6%) and first (cefadroxil) or second generation (cefuroxime) 
cephalosporins (4-7%) (Schito et al., 2009, Kahlmeter, 2003). P. mirabilis is also the cause of 
5% of nosocomial UTIs and 10%of catheter-associated UTIs (Gordon & Jones, 2003, Hidron 
et al., 2008); however, no extensive studies of antimicrobial resistance for these isolates has 
been performed  

3.2.4 Enterococcus spp. 
Enterococcus spp. are responsible for 13% of nosocomial UTIs. Resistance rates were found to 
be 5% for vancomycin, 12% for ampicillin and ampicillin-clavulanic acid, 37% for SXT and 
50% for ciprofloxacin. Only 1% of isolates were resistant to nitrofurantoin (Gordon & Jones, 
2003). A study of catheter-associated UTIs in the US found that 15% of them were due to 
Enterococcus spp., and these isolates exhibited a much higher rate of vancomycin resistance 
(29%) than nosocomial isolates in general (5%). Most of the resistance was due to E. faecium, 
which was only responsible for 24% of infections but accounted for 72% of vancomycin-
resistant isolates. In addition, 89% of catheter-associated UTI E. faecium isolates were 
ampicillin-resistant. In contrast only 6% of E. faecalis isolates were vancomycin-resistant and 
only 3% were ampicillin resistant (Hidron et al., 2008).  

3.2.5 Pseudomonas aeruginosa 
P. aeruginosa accounts for 8% of nosocomial UTIs, and is intrinsically resistant to ampicillin,, 
ampicillin-clavulanic acid, SXT, nitrofurantoin and cefuroxime. In addition, 59% of isolates 
were ciprofloxacin-resistant (Gordon & Jones, 2003). Ten percent of catheter-associated UTIs 
are caused by P. aeruginosa, and resistance rates were found to be 34% for fluoroquinolones, 
25% for carbapenems (imipenem and meropenem), 11-13% for cephalosporins (cefepime 
and ceftazidime), and 17% for piperacillin (extended-spectrum -lactam), alone or in 
combination with tazobactam (a -lactamase-inhibitor) (Hidron et al., 2008). 

3.3 Newer UTI therapies 
3.3.1 Recently approved therapies 
Doripenem is a broad-spectrum injectable carbapenem -lactam, approved by the FDA in 
2007 for treatment of complicated UTIs, including pyelonephritis. Analysis of 1,772 clinical 
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acquired UTIs (Gupta et al., 2011). In vitro studies found high rates of spontaneous 
resistance, but these mutants grew poorly, suggesting that clinical resistance should be rare 
(Nilsson et al., 2003). Indeed, the ARESC study found that only 0.6% of UPEC isolates were 
resistant (Schito et al., 2009). In addition, a recent meta-study analyzing 1657 ESBL-
producing E. coli isolates, most of which were UPEC, found that 97% of them were 
susceptible to fosfomycin (Falagas et al., 2010). Therefore, fosfomycin may have significant 
utility in combating emerging UPEC antibiotic resistance. 

3.1.6 Multi-drug resistant UPEC clones 
In addition to general trends of increasing antibiotic resistance, specific multidrug-
resistant UPEC clones have emerged. A year-long outbreak of O15:K52:H1 E. coli occurred 
in London in 1986-7, causing up to 13% of UTIs in this area during this time period. Most 
of these isolates were resistant to SXT, ampicillin, chloramphenicol, streptomycin and 
tetracycline (Phillips et al., 1988, O'Neill et al., 1990). Analysis of 100 different O15:K2:H1 
clones, isolated over a span of 30 years, revealed that SXT resistance first emerged in this 
lineage in 1986 and fluoroquinolone resistance in 1995 (Olesen et al., 2009). A separate 
group of isolates (also related to O:15:K2:H1), termed clonal Group A (CGA), accounted 
for 50% of SXT-resistant, and 11% of total, cystitis isolates from three geographically 
distinct sites in the US. These isolates typically had similar O (lipopolysaccharide) 
antigens, encoded similar virulence factors and were frequently multidrug resistant 
(Manges et al., 2001). CGA isolates also comprise 34% of SXT-resistant, and 7% of total, 
SXT-resistant pyelonephritis isolates (Johnson et al., 2002). The third major antibiotic-
resistant UPEC clone is O25:H4-ST131, which expresses the CTX-M-15 ESBL rendering it 
resistant to third-generation cephalosporins (Nicolas-Chanoine et al., 2008). These three 
clonal groups accounted for 37% of total UPEC isolates, 44% of SXT-resistant isolates and 
64% of fluoroquinolone-resistant isolates in Canada from 2002-4 (Johnson et al., 2009). 
One-third of ciprofloxacin-resistant UPEC clones in a European study belonged to the 
O15:K2:H1 or O25:H4-ST131 groups (Cagnacci et al., 2008). There are also reports that the 
O25:H4-ST131 lineage has acquired the NDM-1 carbapenemase (Peirano et al., 2011) in 
North America and fosfomycin resistance in Spain (Oteo et al., 2009), indicating that  
this lineage will continue to evolve multi-drug resistance and be a major public health  
issue. 

3.2 Resistance of other uropathogens 
3.2.1 Staphylococcus saprophyticus 
S. saprophyticus is a responsible for 2-6% of uncomplicated UTIs (Kahlmeter, 2003, Schito et 
al., 2009). The ARESC study found resistance rates of 36% for ampicillin and 10% for SXT 
(Schito et al., 2009). An earlier study analyzing isolates from sixteen European countries and 
Canada obtained different results, with only 2% of isolates resistant to ampicillin and none 
resistant to SXT (Kahlmeter, 2003). However, both studies found that >99% of isolates were 
sensitive to amoxicillin-clavulanic acid. 

3.2.2 Klebsiella pneumoniae 
K. pneumoniae is responsible for 1-6% of uncomplicated UTIs (Kahlmeter, 2003, Schito et al., 
2009). In addition to being intrinsically resistant to ampicillin and nitrofurantoin, resistance 
to other antibiotics is very common among these isolates. One study found non-
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susceptibility rates to be 23% for SXT, 21% for cefuroxime (a second-generation 
cephalosporin), 12% for fosfomycin and 6% for ciprofloxacin (Schito et al., 2009). An earlier 
study found a similar resistance pattern, although overall prevalence was lower (Kahlmeter, 
2003). In both studies, 94-99% of isolates were susceptible to ciprofloxacin and 91-96% were 
susceptible to amoxicillin-clavulanic acid. In addition, K. pneumoniae is the cause of 8-11% of 
nosocomial catheter-associated UTIs, and 17-21% of these isolates are resistant to extended-
spectrum cephalosporins and 10% are resistant to carbapenems (Hidron et al., 2008, Gordon 
& Jones, 2003).  

3.2.3 Proteus mirabilis 
P. mirabilis is the cause of 3-5% of uncomplicated UTIs. P. mirabilis is intrinsically non-
susceptible to nitrofurantoin, and also has high levels of non-susceptibility to other common 
UTI therapies—15-38% for SXT, 16-33% for ampicillin and up to 14% for fosfomycin and 
10% for ciprofloxacin. The lowest levels of non-susceptibility were observed for amoxicillin-
clavulanic acid (1-6%) and first (cefadroxil) or second generation (cefuroxime) 
cephalosporins (4-7%) (Schito et al., 2009, Kahlmeter, 2003). P. mirabilis is also the cause of 
5% of nosocomial UTIs and 10%of catheter-associated UTIs (Gordon & Jones, 2003, Hidron 
et al., 2008); however, no extensive studies of antimicrobial resistance for these isolates has 
been performed  

3.2.4 Enterococcus spp. 
Enterococcus spp. are responsible for 13% of nosocomial UTIs. Resistance rates were found to 
be 5% for vancomycin, 12% for ampicillin and ampicillin-clavulanic acid, 37% for SXT and 
50% for ciprofloxacin. Only 1% of isolates were resistant to nitrofurantoin (Gordon & Jones, 
2003). A study of catheter-associated UTIs in the US found that 15% of them were due to 
Enterococcus spp., and these isolates exhibited a much higher rate of vancomycin resistance 
(29%) than nosocomial isolates in general (5%). Most of the resistance was due to E. faecium, 
which was only responsible for 24% of infections but accounted for 72% of vancomycin-
resistant isolates. In addition, 89% of catheter-associated UTI E. faecium isolates were 
ampicillin-resistant. In contrast only 6% of E. faecalis isolates were vancomycin-resistant and 
only 3% were ampicillin resistant (Hidron et al., 2008).  

3.2.5 Pseudomonas aeruginosa 
P. aeruginosa accounts for 8% of nosocomial UTIs, and is intrinsically resistant to ampicillin,, 
ampicillin-clavulanic acid, SXT, nitrofurantoin and cefuroxime. In addition, 59% of isolates 
were ciprofloxacin-resistant (Gordon & Jones, 2003). Ten percent of catheter-associated UTIs 
are caused by P. aeruginosa, and resistance rates were found to be 34% for fluoroquinolones, 
25% for carbapenems (imipenem and meropenem), 11-13% for cephalosporins (cefepime 
and ceftazidime), and 17% for piperacillin (extended-spectrum -lactam), alone or in 
combination with tazobactam (a -lactamase-inhibitor) (Hidron et al., 2008). 

3.3 Newer UTI therapies 
3.3.1 Recently approved therapies 
Doripenem is a broad-spectrum injectable carbapenem -lactam, approved by the FDA in 
2007 for treatment of complicated UTIs, including pyelonephritis. Analysis of 1,772 clinical 
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E. coli isolates (many from complicated UTIs) found that 99.8% of them were susceptible to 
doripenem, including all 30 ESBL-producers (Pillar et al., 2008). Analysis of 6 Phase III 
clinical trials demonstrated that doripenem was as effective as levofloxacin, imipenem, 
meropenem and piperacillin-tazobactam in treatment of patients with complicated UTIs due 
to ciprofloxacin-resistant and ESBL-producing Enterobacteriaceae (largely UPEC) (Kaniga et 
al., 2010). Prulifloxacin is a fluoroquinolone approved for treatment of UTIs in Italy and 
Japan, but not yet approved in the US. A study of 257 patients with complicated UTIs 
showed it was as effective as ciprofloxacin (Carmignani et al., 2005).  

3.3.2 Clinical therapeutic candidates 
ACHN-490 is a next-generation therapeutic belonging to the aminoglycoside family of 
antibiotics that inhibit bacterial protein synthesis. It has demonstrated efficacy in vitro 
against carbapenemase-expressing E. coli and K. pneumoniae (with the exception of NDM-1-
expressing isolates) (Livermore et al., 2011). It is currently being evaluated in a Phase II 
clinical trial for treatment of complicated UTIs. NXL104 is a novel inhibitor of CTX-M -
lactamases (Livermore et al., 2008), and patients are being recruited for a Phase II trial to test 
its efficacy as a combination therapy with ceftaroline (fifth-generation cephalosporin) for the 
treatment of complicated UTIs. There is anecdotal evidence that tigecycline, a glyclcycline 
bacterial protein synthesis inhibitor, may be useful in treating complicated UTIs due to 
multi-drug resistant UPEC (Geerlings et al., 2010). Although tigecycline is not approved for 
treatment of complicated UTIs, it has been suggested that it should be evaluated for this 
indication (Bhattacharya et al., 2009) 

3.3.3 Experimental therapies 
A number of other compounds are still being developed experimentally, and although far 
from the clinic, they provide promise as potential future therapies. One new approach to 
treating UPEC infections is rather than attempting to prevent growth or kill the pathogen, is 
instead to inhibit its virulence properties so that an infection cannot persist (i.e. 
antivirulence therapies). This approach has focused on type 1 fimbriae that are required by 
UPEC to adhere to the bladder epithelium during infection (Hilbert, 2011). The FimH 
adhesin of type 1 fimbriae normally binds mannose, and related compounds, such as butyl 
-D-mannoside, bind with much higher affinity, and therefore may be useful as decoys to 
saturate FimH and impair UPEC adherence to the bladder epithelium (Bouckaert et al., 
2005). Type 1 fimbriae are assembled through the chaperone-usher pathway, and ring-fused 
2-pyridone peptidomimics (i.e. pilicides) impair this pathway, thereby preventing fimbrial 
expression, bacterial adherence and virulence in a mouse model of infection (Pinkner et al., 
2006, Klein et al., 2010). Future studies are necessary to determine if antivirulence therapies 
will be useful in the clinic. 

4. Prevention 
4.1 Cranberry juice 
In addition to improving therapy, another major area of research is the prevention of UTIs. 
As is the case for treatment, both traditional and novel strategies are being evaluated. 
Consumption of cranberry juice is a traditional folk method of UTI prevention and 
treatment. Roughly a dozen studies have been performed examining the ability of cranberry 
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products to prevent UTIs (Raz et al., 2004), but only two were randomized placebo-
controlled studies with significant patient populations (150 women with a history of UTI). 
One study found that daily consumption of cranberry juice concentrate reduced the risk of 
UTI to 16% over a six month period, compared to 36% in the placebo group. A one-year 
study found that <20% of women who consumed cranberry juice or tablets experienced 
UTIs, compared to 32% in the placebo group (Kontiokari et al., 2001, Stothers, 2002). As for 
the mechanism of action, studies have found that cranberry juice extracts inhibited the 
ability UPEC to adhere to vaginal and bladder epithelial cells (Hilbert, 2011). Identification 
of the inhibitory cranberry constituent could facilitate the development of a novel 
antivirulence therapy for UTIs.  

4.2 Vaginal probiotics 
As vaginal and periurethral colonization with UPEC is strongly associated with UTIs 
(Hilbert, 2011), another prevention strategy is to use vaginal probiotics to prevent 
colonization. Small pilot studies have found that vaginal colonization with Lactobacillus spp. 
helps to prevent recurrent UTIs (Bruce & Reid, 1988, Uehara et al., 2006, Reid et al., 1992). A 
Phase I trial on the use of vaginal Lactobacillus suppositories to prevent recurrent UTIs has 
been completed with minimal patient side effects (Czaja et al., 2007), paving the way for 
future trials and the possible use of probiotics clinically to prevent UTIs. 

4.3 Antimicrobial catheters 
Different strategies are used to prevent catheter-associated nosocomial UTIs. One approach 
is the development of catheters coated with silver alloy or nitrofurazone (similar to 
nitrofurantoin) to prevent attachment by uropathogens. A meta-analysis of eight clinical 
trials since 1995 found that the use of these catheters reduced the risk of bacteriuria by up to 
12% when compared to uncoated catheters (Johnson et al., 2006). Another strategy for long-
term catheterization (e.g. patients with neurogenic bladder) is bacterial interference, where 
the bladder is deliberately colonized with an ABU E. coli isolate (ABU 83972) to prevent 
symptomatic infection. A randomized, double-blind placebo-control study found that over a 
period of one year, patients successfully colonized with ABU 83972 had an average 1.6 UTIs, 
whereas the placebo group experienced an average of 3.5 infections (Darouiche et al., 2005).  

4.4 Immuno-stimulation 
Polyvalent mixtures of killed uropathogens have been tested for their ability to prevent 
UTIs. UroVaxom (OM-89) is a lyophilized extract of 18 UPEC strains that is taken orally in 
Europe to prevent recurrent UTIs. It provides immunity to mice in experimental studies 
(Sedelmeier & Bessler, 1995). A meta-analysis of five placebo-controlled double-blind 
studies found that oral consumption of UroVaxom reduced the risk of UTI  by 36% over 6 
months (Naber et al., 2009). These findings were replicated in a large multicenter study (453 
patients) that found a 34% reduction in UTIs over 1 year (Bauer et al., 2005). A related 
product is SolcoUrovac, a vaginal suppository containing lyophilized extract from six UPEC 
strains and one strain each of P. mirabilis, Morganella morganii, K. pneumoniae and E. faecalis. 
A Phase II randomized, double-blind placebo-control trial of 75 women with recurrent UTIs 
over 160 days observed a recurrence rate of 70% for the placebo arm and 27.5% for the 
vaccination plus booster arm of the study (Hopkins et al., 2007). Although these products 
appear useful to prevent recurrent UTIs, they are not vaccines per se as they require frequent 
administration. The clinical trial for UroVaxom had patients take one pill daily for 3 months, 
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E. coli isolates (many from complicated UTIs) found that 99.8% of them were susceptible to 
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al., 2010). Prulifloxacin is a fluoroquinolone approved for treatment of UTIs in Italy and 
Japan, but not yet approved in the US. A study of 257 patients with complicated UTIs 
showed it was as effective as ciprofloxacin (Carmignani et al., 2005).  

3.3.2 Clinical therapeutic candidates 
ACHN-490 is a next-generation therapeutic belonging to the aminoglycoside family of 
antibiotics that inhibit bacterial protein synthesis. It has demonstrated efficacy in vitro 
against carbapenemase-expressing E. coli and K. pneumoniae (with the exception of NDM-1-
expressing isolates) (Livermore et al., 2011). It is currently being evaluated in a Phase II 
clinical trial for treatment of complicated UTIs. NXL104 is a novel inhibitor of CTX-M -
lactamases (Livermore et al., 2008), and patients are being recruited for a Phase II trial to test 
its efficacy as a combination therapy with ceftaroline (fifth-generation cephalosporin) for the 
treatment of complicated UTIs. There is anecdotal evidence that tigecycline, a glyclcycline 
bacterial protein synthesis inhibitor, may be useful in treating complicated UTIs due to 
multi-drug resistant UPEC (Geerlings et al., 2010). Although tigecycline is not approved for 
treatment of complicated UTIs, it has been suggested that it should be evaluated for this 
indication (Bhattacharya et al., 2009) 

3.3.3 Experimental therapies 
A number of other compounds are still being developed experimentally, and although far 
from the clinic, they provide promise as potential future therapies. One new approach to 
treating UPEC infections is rather than attempting to prevent growth or kill the pathogen, is 
instead to inhibit its virulence properties so that an infection cannot persist (i.e. 
antivirulence therapies). This approach has focused on type 1 fimbriae that are required by 
UPEC to adhere to the bladder epithelium during infection (Hilbert, 2011). The FimH 
adhesin of type 1 fimbriae normally binds mannose, and related compounds, such as butyl 
-D-mannoside, bind with much higher affinity, and therefore may be useful as decoys to 
saturate FimH and impair UPEC adherence to the bladder epithelium (Bouckaert et al., 
2005). Type 1 fimbriae are assembled through the chaperone-usher pathway, and ring-fused 
2-pyridone peptidomimics (i.e. pilicides) impair this pathway, thereby preventing fimbrial 
expression, bacterial adherence and virulence in a mouse model of infection (Pinkner et al., 
2006, Klein et al., 2010). Future studies are necessary to determine if antivirulence therapies 
will be useful in the clinic. 

4. Prevention 
4.1 Cranberry juice 
In addition to improving therapy, another major area of research is the prevention of UTIs. 
As is the case for treatment, both traditional and novel strategies are being evaluated. 
Consumption of cranberry juice is a traditional folk method of UTI prevention and 
treatment. Roughly a dozen studies have been performed examining the ability of cranberry 
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products to prevent UTIs (Raz et al., 2004), but only two were randomized placebo-
controlled studies with significant patient populations (150 women with a history of UTI). 
One study found that daily consumption of cranberry juice concentrate reduced the risk of 
UTI to 16% over a six month period, compared to 36% in the placebo group. A one-year 
study found that <20% of women who consumed cranberry juice or tablets experienced 
UTIs, compared to 32% in the placebo group (Kontiokari et al., 2001, Stothers, 2002). As for 
the mechanism of action, studies have found that cranberry juice extracts inhibited the 
ability UPEC to adhere to vaginal and bladder epithelial cells (Hilbert, 2011). Identification 
of the inhibitory cranberry constituent could facilitate the development of a novel 
antivirulence therapy for UTIs.  

4.2 Vaginal probiotics 
As vaginal and periurethral colonization with UPEC is strongly associated with UTIs 
(Hilbert, 2011), another prevention strategy is to use vaginal probiotics to prevent 
colonization. Small pilot studies have found that vaginal colonization with Lactobacillus spp. 
helps to prevent recurrent UTIs (Bruce & Reid, 1988, Uehara et al., 2006, Reid et al., 1992). A 
Phase I trial on the use of vaginal Lactobacillus suppositories to prevent recurrent UTIs has 
been completed with minimal patient side effects (Czaja et al., 2007), paving the way for 
future trials and the possible use of probiotics clinically to prevent UTIs. 

4.3 Antimicrobial catheters 
Different strategies are used to prevent catheter-associated nosocomial UTIs. One approach 
is the development of catheters coated with silver alloy or nitrofurazone (similar to 
nitrofurantoin) to prevent attachment by uropathogens. A meta-analysis of eight clinical 
trials since 1995 found that the use of these catheters reduced the risk of bacteriuria by up to 
12% when compared to uncoated catheters (Johnson et al., 2006). Another strategy for long-
term catheterization (e.g. patients with neurogenic bladder) is bacterial interference, where 
the bladder is deliberately colonized with an ABU E. coli isolate (ABU 83972) to prevent 
symptomatic infection. A randomized, double-blind placebo-control study found that over a 
period of one year, patients successfully colonized with ABU 83972 had an average 1.6 UTIs, 
whereas the placebo group experienced an average of 3.5 infections (Darouiche et al., 2005).  

4.4 Immuno-stimulation 
Polyvalent mixtures of killed uropathogens have been tested for their ability to prevent 
UTIs. UroVaxom (OM-89) is a lyophilized extract of 18 UPEC strains that is taken orally in 
Europe to prevent recurrent UTIs. It provides immunity to mice in experimental studies 
(Sedelmeier & Bessler, 1995). A meta-analysis of five placebo-controlled double-blind 
studies found that oral consumption of UroVaxom reduced the risk of UTI  by 36% over 6 
months (Naber et al., 2009). These findings were replicated in a large multicenter study (453 
patients) that found a 34% reduction in UTIs over 1 year (Bauer et al., 2005). A related 
product is SolcoUrovac, a vaginal suppository containing lyophilized extract from six UPEC 
strains and one strain each of P. mirabilis, Morganella morganii, K. pneumoniae and E. faecalis. 
A Phase II randomized, double-blind placebo-control trial of 75 women with recurrent UTIs 
over 160 days observed a recurrence rate of 70% for the placebo arm and 27.5% for the 
vaccination plus booster arm of the study (Hopkins et al., 2007). Although these products 
appear useful to prevent recurrent UTIs, they are not vaccines per se as they require frequent 
administration. The clinical trial for UroVaxom had patients take one pill daily for 3 months, 
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no treatment for the next 3 months, then one pill daily for the first 10 days of each of the 
next 3 months followed by another 3 month cessation (Bauer et al., 2005). Similarly, the 
SolcoUrovac trial gave patients one suppository each week for the first three weeks, 
followed by an additional suppository each month for 3 months (Hopkins et al., 2007). 
Therefore, these treatments fall under the category of immuno-stimulation, rather than 
vaccination.  

4.5 Vaccine development 
Development of a UTI vaccine has also been a major research area. Vaccination of 
cynomolgus monkeys with type 1 fimbrial components protected them from UTIs 
(Langermann et al., 2000), as did vaginal immunization with formalin-killed UPEC (Uehling 
et al., 1987). Vaccination of baboons and cynomolgus monkeys with another UPEC adhesin, 
purified P fimbriae, or components thereof, protected them from pyelonephritis (Roberts et 
al., 1989, Roberts et al., 2004). Immuno-correlates for successful vaccination appear to be 
antigen-specific serum IgG, as well as vaginal and urinary antibodies (Hilbert, 2011). 
Although these experimental studies of UPEC vaccination are promising, none of these 
candidates has progressed to clinical testing in humans. 

5. Conclusion 
In summary, rising antibiotic resistance among uropathogens, and especially the emergence 
of multi-drug resistant clonal groups, has provided urgency to the development of novel 
preventative and therapeutic strategies. Some older drugs, such as fosfomycin, may prove to 
be very useful in treating antimicrobial-refractory UTIs, especially those due to ESBL-
producers. Newer drugs, such as the recently approved doripenem, have proven highly 
effective in the clinic to treat complicated UTIs. Research into novel anti-virulence therapies, 
such as inhibiting the production of, or adherence by, UPEC fimbriae is still an early stage 
but holds promise for future development. The use of probiotics to prevent vaginal UPEC 
colonization and the use of an immuno-stimulatory uropathogen extract (SolcoUrovac), are 
currently in clinical trials to determine efficacy in preventing recurrent UTIs. Another 
preventative strategy is vaccination, and experimental vaccines have been developed that 
are effective in preventing UTIs in primates. In summary, a combination of traditional and 
innovative prevention and treatment strategies is being deployed to combat the threat of 
emerging antibiotic resistance among uropathogens. 
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no treatment for the next 3 months, then one pill daily for the first 10 days of each of the 
next 3 months followed by another 3 month cessation (Bauer et al., 2005). Similarly, the 
SolcoUrovac trial gave patients one suppository each week for the first three weeks, 
followed by an additional suppository each month for 3 months (Hopkins et al., 2007). 
Therefore, these treatments fall under the category of immuno-stimulation, rather than 
vaccination.  

4.5 Vaccine development 
Development of a UTI vaccine has also been a major research area. Vaccination of 
cynomolgus monkeys with type 1 fimbrial components protected them from UTIs 
(Langermann et al., 2000), as did vaginal immunization with formalin-killed UPEC (Uehling 
et al., 1987). Vaccination of baboons and cynomolgus monkeys with another UPEC adhesin, 
purified P fimbriae, or components thereof, protected them from pyelonephritis (Roberts et 
al., 1989, Roberts et al., 2004). Immuno-correlates for successful vaccination appear to be 
antigen-specific serum IgG, as well as vaginal and urinary antibodies (Hilbert, 2011). 
Although these experimental studies of UPEC vaccination are promising, none of these 
candidates has progressed to clinical testing in humans. 

5. Conclusion 
In summary, rising antibiotic resistance among uropathogens, and especially the emergence 
of multi-drug resistant clonal groups, has provided urgency to the development of novel 
preventative and therapeutic strategies. Some older drugs, such as fosfomycin, may prove to 
be very useful in treating antimicrobial-refractory UTIs, especially those due to ESBL-
producers. Newer drugs, such as the recently approved doripenem, have proven highly 
effective in the clinic to treat complicated UTIs. Research into novel anti-virulence therapies, 
such as inhibiting the production of, or adherence by, UPEC fimbriae is still an early stage 
but holds promise for future development. The use of probiotics to prevent vaginal UPEC 
colonization and the use of an immuno-stimulatory uropathogen extract (SolcoUrovac), are 
currently in clinical trials to determine efficacy in preventing recurrent UTIs. Another 
preventative strategy is vaccination, and experimental vaccines have been developed that 
are effective in preventing UTIs in primates. In summary, a combination of traditional and 
innovative prevention and treatment strategies is being deployed to combat the threat of 
emerging antibiotic resistance among uropathogens. 
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1. Introduction 
Conventional methods of Urinary Tract Infection (UTI) diagnosis require determining the 
concentration and identity of the involved bacteria, as well as their susceptibility to various 
antibiotics, the so-called antibiogram. Such assays require repeated culturing of a sample 
and need at least 48 hours in order for bacterial colonies to be grown, counted, and exposed 
to antibiotics. However, the patient cannot remain untreated during this rather prolonged 
period before definitive diagnosis of the suspected infection becomes available. As a result, 
physicians prescribe broad spectrum antibiotics prior to antibiogram availability. This 
practice has many undesirable consequences, both short term and long term: (i) 
unsuccessful treatments leading to chronic infections, (ii) increased health care costs, and, 
most importantly, (iii) increased antibiotic resistance by a growing number of bacterial 
strains (Gruneberg, 1994; Casadevall, 1996; Cosgrove, S. & Carmeli, 2003; Alanis, 2005). 
Given these concerns, it is obvious that rapid and accurate identification of UTI pathogens 
as well as determination of their susceptibility to antibiotics would offer significant clinical 
benefits. Such methodologies are currently being developed and include the promising 
application of Raman spectroscopy for the diagnosis of UTIs. 
Recently, rapid diagnosis methods based on polymerase chain reaction (PCR) have been 
developed in order to bypass the need for culturing (Mothershed & Whitney, 2006) as well 
as to identify genes that confer antibiotic resistance (Rolain et al., 2004). Although such PCR 
assays are fast and very sensitive, they typically require species and strain specific probes 
that may or may not be available for a particular organism. In addition, amplification 
methods, like PCR, suffer from contamination problems, complex interpretation of results, 
as well as high costs. Mass Spectrometry is another method that has been proposed as an 
alternative approach for bacterial diagnostics without culturing (Chen et al., 2008). 
However, like the PCR approach, Mass Spectrometry also depends on prior knowledge of 
the pathogen under study and suffers from increased complexity and cost. 
Vibrational spectroscopies, like Raman spectroscopy, have been used, for the last few years, 
to detect bacteria with minimal sample manipulation (Maquelin et al., 2000; Schuster, 2000a, 
2000b). Classification of bacterial species, as well as of subspecies, has been achieved with 
great accuracy and speed, especially with Surface Enhanced Raman Spectroscopy (SERS) 
(Kneipp et al., 2006) which allows enhancement of the inherently weak Raman signal. More 



 
Urinary Tract Infections 

 

206 

Pinkner, J. S., H. Remaut, F. Buelens, E. Miller, V. Aberg, N. Pemberton, M. Hedenstrom, A. 
Larsson, P. Seed, G. Waksman, S. J. Hultgren & F. Almqvist, (2006) Rationally 
designed small compounds inhibit pilus biogenesis in uropathogenic bacteria. Proc 
Natl Acad Sci U S A 103: 17897-17902. 

Qi, C., V. Pilla, J. H. Yu & K. Reed, (2010) Changing prevalence of Escherichia coli with CTX-
M-type extended-spectrum beta-lactamases in outpatient urinary E. coli between 
2003 and 2008. Diagn Microbiol Infect Dis 67: 87-91. 

Raz, R., B. Chazan & M. Dan, (2004) Cranberry juice and urinary tract infection. Clin Infect 
Dis 38: 1413-1419. 

Reid, G., A. W. Bruce & M. Taylor, (1992) Influence of three-day antimicrobial therapy and 
lactobacillus vaginal suppositories on recurrence of urinary tract infections. Clin 
Ther 14: 11-16. 

Roberts, J. A., M. B. Kaack, G. Baskin, M. R. Chapman, D. A. Hunstad, J. S. Pinkner & S. J. 
Hultgren, (2004) Antibody responses and protection from pyelonephritis following 
vaccination with purified Escherichia coli PapDG protein. J Urol 171: 1682-1685. 

Roberts, J. A., M. B. Kaack, G. Baskin, T. K. Korhonen, S. B. Svenson & J. Winberg, (1989) P-
fimbriae vaccines. II. Cross reactive protection against pyelonephritis. Pediatr 
Nephrol 3: 391-396. 

Ronald, A., (2003) The etiology of urinary tract infection: traditional and emerging 
pathogens. Dis Mon 49: 71-82. 

Sandegren, L., A. Lindqvist, G. Kahlmeter & D. I. Andersson, (2008) Nitrofurantoin resistance 
mechanism and fitness cost in Escherichia coli. J Antimicrob Chemother 62: 495-503. 

Schito, G. C., K. G. Naber, H. Botto, J. Palou, T. Mazzei, L. Gualco & A. Marchese, (2009) The 
ARESC study: an international survey on the antimicrobial resistance of pathogens 
involved in uncomplicated urinary tract infections. Int J Antimicrob Agents 34: 407-413. 

Sedelmeier, E. A. & W. G. Bessler, (1995) Biological activity of bacterial cell-wall components: 
immunogenicity of the bacterial extract OM-89. Immunopharmacology 29: 29-36. 

Simpson, I. N., P. B. Harper & C. H. O'Callaghan, (1980) Principal beta-lactamases 
responsible for resistance to beta-lactam antibiotics in urinary tract infections. 
Antimicrob Agents Chemother 17: 929-936. 

Stothers, L., (2002) A randomized trial to evaluate effectiveness and cost effectiveness of 
naturopathic cranberry products as prophylaxis against urinary tract infection in 
women. Can J Urol 9: 1558-1562. 

Uehara, S., K. Monden, K. Nomoto, Y. Seno, R. Kariyama & H. Kumon, (2006) A pilot study 
evaluating the safety and effectiveness of Lactobacillus vaginal suppositories in patients 
with recurrent urinary tract infection. Int J Antimicrob Agents 28 Suppl 1: S30-34. 

Uehling, D. T., W. J. Hopkins, J. Jensen & E. Balish, (1987) Vaginal immunization against 
induced cystitis in monkeys. J Urol 137: 327-329. 

Wagenlehner, F. M., A. Pilatz, K. G. Naber & W. Weidner, (2008) Therapeutic challenges of 
urosepsis. Eur J Clin Invest 38 Suppl 2: 45-49. 

Weigel, L. M., G. J. Anderson & F. C. Tenover, (2002) DNA gyrase and topoisomerase IV 
mutations associated with fluoroquinolone resistance in Proteus mirabilis. 
Antimicrob Agents Chemother 46: 2582-2587. 

Zhanel, G. G., T. L. Hisanaga, N. M. Laing, M. R. DeCorby, K. A. Nichol, B. Weshnoweski, J. 
Johnson, A. Noreddin, D. E. Low, J. A. Karlowsky & D. J. Hoban, (2006) Antibiotic 
resistance in Escherichia coli outpatient urinary isolates: final results from the North 
American Urinary Tract Infection Collaborative Alliance (NAUTICA). Int J 
Antimicrob Agents 27: 468-475. 

12 

Identification and Antibiotic Sensitivity of UTI 
Pathogens Using Raman Spectroscopy 

Evdokia Kastanos1, Alexandros Kyriakides2,  
Katerina Hadjigeorgiou2 and Costas Pitris2 

1University of Nicosia, 
2University of Cyprus 

Cyprus 

1. Introduction 
Conventional methods of Urinary Tract Infection (UTI) diagnosis require determining the 
concentration and identity of the involved bacteria, as well as their susceptibility to various 
antibiotics, the so-called antibiogram. Such assays require repeated culturing of a sample 
and need at least 48 hours in order for bacterial colonies to be grown, counted, and exposed 
to antibiotics. However, the patient cannot remain untreated during this rather prolonged 
period before definitive diagnosis of the suspected infection becomes available. As a result, 
physicians prescribe broad spectrum antibiotics prior to antibiogram availability. This 
practice has many undesirable consequences, both short term and long term: (i) 
unsuccessful treatments leading to chronic infections, (ii) increased health care costs, and, 
most importantly, (iii) increased antibiotic resistance by a growing number of bacterial 
strains (Gruneberg, 1994; Casadevall, 1996; Cosgrove, S. & Carmeli, 2003; Alanis, 2005). 
Given these concerns, it is obvious that rapid and accurate identification of UTI pathogens 
as well as determination of their susceptibility to antibiotics would offer significant clinical 
benefits. Such methodologies are currently being developed and include the promising 
application of Raman spectroscopy for the diagnosis of UTIs. 
Recently, rapid diagnosis methods based on polymerase chain reaction (PCR) have been 
developed in order to bypass the need for culturing (Mothershed & Whitney, 2006) as well 
as to identify genes that confer antibiotic resistance (Rolain et al., 2004). Although such PCR 
assays are fast and very sensitive, they typically require species and strain specific probes 
that may or may not be available for a particular organism. In addition, amplification 
methods, like PCR, suffer from contamination problems, complex interpretation of results, 
as well as high costs. Mass Spectrometry is another method that has been proposed as an 
alternative approach for bacterial diagnostics without culturing (Chen et al., 2008). 
However, like the PCR approach, Mass Spectrometry also depends on prior knowledge of 
the pathogen under study and suffers from increased complexity and cost. 
Vibrational spectroscopies, like Raman spectroscopy, have been used, for the last few years, 
to detect bacteria with minimal sample manipulation (Maquelin et al., 2000; Schuster, 2000a, 
2000b). Classification of bacterial species, as well as of subspecies, has been achieved with 
great accuracy and speed, especially with Surface Enhanced Raman Spectroscopy (SERS) 
(Kneipp et al., 2006) which allows enhancement of the inherently weak Raman signal. More 
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recently, it was shown that bacterial susceptibility to antibiotics can also be determined 
using Raman spectroscopy and SERS (Liu et al., 2009; Kastanos et al., 2010; Kastanos et al., 
2011).  

1.1 Raman spectroscopy 
Whole organism fingerprinting is a relatively recent approach for the identification of 
pathogens based on their unique chemical characteristics with minimal sample preparation 
(Magee, 1993). Some of the techniques that are being evaluated for such fingerprinting 
include vibrational spectroscopic methods such as Fourier-Transform Infrared spectroscopy 
(FTIR), Raman Spectroscopy, and UV resonance Raman spectroscopy (UVRR). Vibrational 
spectroscopic features arise from the loss or gain of energy by photons which are 
inelastically scattered from a vibrating sample. This energy change results in an alteration of 
the photons’ wavelength which, in the case of organic molecules, is directly related to the 
vibrational states of its chemical bonds. Therefore, quantitative biochemical information can 
be extracted from the spectra. 
 

 
Fig. 1. A. Schematic showing the inelastic scattering of photons from an ethanol molecule. 
Energy from the incident light (green wave) is transferred to the molecule (top) causing a 
larger vibration (blue arrows) resulting in scattered light (bottom) with less energy and a 
longer wavelength (red wave). B. Raman spectrum of ethanol, indicating some of the major 
peaks and their relationship to the molecular bonds of that molecule. 

The Raman effect is observed when a very small number of photons incident on a molecule 
(about 1 in 107) are inelastically scattered, i.e. scattered at different frequencies than the 
frequency of the incident photons (Mahadevan-Jansen, 2002). A Raman spectrum is a plot of 
the intensity of scattered light versus the energy difference between the incident photons 
and the Raman scattered photons, and contains information about the chemical composition 
and the molecular structure of a substance (Fig. 1). A major limitation of Raman 
spectroscopy is the weakness of the Raman effect which results in very low signals, often 
below the limit of detection for dilute biological samples. In addition, Raman spectroscopy 
is not very selective with respect to the various molecules present in complex biological 
samples, resulting in highly congested spectra. Finally, Raman spectroscopy suffers from a 
strong fluorescence background which significantly decreases the dynamic range of the 
measurement. Even though FTIR is much more sensitive than Raman, its use in biological 
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systems is very limited due to the strong absorbance of water at those wavelengths. 
However, several publications have come out in the last few years that show discrimination 
of bacteria using FTIR and also quite complex classification analysis methods (Preisner et al., 
2008; Forrester et al., 2009). UVRR is also more sensitive than normal Raman and suffers 
from almost no fluorescence background. It has already been exploited for the 
discrimination of UTI bacteria (Jarvis & Goodacre, 2004b). The highly energetic nature of UV 
photons, however, can cause photochemical or burning effects on a sample and limits its use 
as a routine method for bacterial analysis. Additionally, excitation in the UV is not very 
useful for the discrimination of different species of bacteria as it mostly identifies nucleic 
acid bases which are not expected to vary significantly between different bacterial species. 
The widespread adoption of UVRR is also limited by the high cost and complexity of the 
equipment required. 
Raman spectroscopy has also been successfully applied to bacterial identification in the 
configuration of a Raman microscope which allows collection of spectra from single cells 
and enhances sensitivity. The group of Hutsebaut et al. have used Raman microscopy to 
identify samples belonging to 3 different Bacillus species (Hutsebaut et al., 2004). Xie et al., 
successfully classified 6 different bacterial species (Xie et al., 2005). Studies by Harz et al. 
(Harz et al., 2005) have shown that discrimination of different Staphylococcus species can be 
achieved with 95-97% accuracy not only at species but also at strain level. The same group 
have successfully discriminated 29 strains of bacteria derived from a variety of species 
(Schmid et al., 2009). Despite increased sensitivity, studies using Micro-Raman spectroscopy 
have to face a few unique challenges. First, the fact that imaging individual bacteria is a time 
consuming process that leads to inadequate evaluation of large samples. Second, the 
increased variability between spectra of individual cells, mostly due to variations in the 
growth stage of each cell, usually necessitates the use of classification methods of increased 
complexity. 

1.2 Surface enhanced Raman spectroscopy 
Surface Enhanced Raman Spectroscopy (SERS) is a variation of Raman spectroscopy which 
offers significant  enhancement of the signal (up to theoretical 1014 times) thus making 
detection faster, simpler, and more accurate. The enhancement is a direct effect of plasmon 
resonance, i.e. the unison oscillation of electrons on the surface of a metallic nanostructure as 
a result of incident light of the right, resonant, frequency. These oscillations produce an 
enhanced electromagnetic field in the proximity of the surface (Fig. 2.). If a sample is within 
a few nanometers (nm) from the nanostructure, it will experience this enhanced field and 
exhibit a stronger Raman signal (Kneipp et al., 1997; Nie & Emory, 1997; Moskovits, 1985; 
Vo-Dinh et al., 2005).  
SERS spectra also exhibit reduced data congestion compared to normal Raman spectra since 
the enhancement is significant only for molecules found on, or very close to, the SERS 
substrate. This method also significantly improves the dynamic range of the measurement 
due to the ability of SERS-active substrates to quench fluorescence. Finally SERS can be 
performed using simple, mobile and relatively inexpensive equipment providing a 
significantly improved signal at high speed and low cost.  
One of the first groups to work on the identification of bacteria by SERS is the team of 
Efrima et al. (Efrima & Bronk, 1998; Zeiri et al., 2002; Zeiriet al., 2004; Efrima & Zeiri, 2009). 
The SERS-active substrates they employed were mostly silver but also gold colloids. What is 
unique about their methodology is that they usually produced the colloid in the presence of 
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recently, it was shown that bacterial susceptibility to antibiotics can also be determined 
using Raman spectroscopy and SERS (Liu et al., 2009; Kastanos et al., 2010; Kastanos et al., 
2011).  
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(FTIR), Raman Spectroscopy, and UV resonance Raman spectroscopy (UVRR). Vibrational 
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inelastically scattered from a vibrating sample. This energy change results in an alteration of 
the photons’ wavelength which, in the case of organic molecules, is directly related to the 
vibrational states of its chemical bonds. Therefore, quantitative biochemical information can 
be extracted from the spectra. 
 

 
Fig. 1. A. Schematic showing the inelastic scattering of photons from an ethanol molecule. 
Energy from the incident light (green wave) is transferred to the molecule (top) causing a 
larger vibration (blue arrows) resulting in scattered light (bottom) with less energy and a 
longer wavelength (red wave). B. Raman spectrum of ethanol, indicating some of the major 
peaks and their relationship to the molecular bonds of that molecule. 
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systems is very limited due to the strong absorbance of water at those wavelengths. 
However, several publications have come out in the last few years that show discrimination 
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have to face a few unique challenges. First, the fact that imaging individual bacteria is a time 
consuming process that leads to inadequate evaluation of large samples. Second, the 
increased variability between spectra of individual cells, mostly due to variations in the 
growth stage of each cell, usually necessitates the use of classification methods of increased 
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Fig. 2. Surface Enhanced Raman Spectroscopy (SERS). The proximity to a metallic surface or 
nanostructure exhibiting plasmon resonance (right) results in a much stronger Raman signal 
than the molecule alone (left.) 

the bacteria and not mixing pre-formed colloid with the sample. In addition, they 
demonstrated growth of colloids in the interior or the exterior of bacterial cells obtaining 
different spectra in each case. As far as the collection of SERS spectra is concerned, they have 
done it under a large variety of conditions, including various preparations of their 
substrates, using different fractions of bacterial cells, and different excitations, ranging from 
the UV to the NIR (250-800 nm). Jarvis et al. is another group with significant contributions 
to the area of SERS and identification of bacteria. Specifically, they investigated UTI 
involved bacteria, using silver colloids in combination with different types of Raman 
microscopes (Jarvis & Goodacre, 2004a; Jarvis et al., 2004; Jarvis et al., 2006; Jarvis et al., 2008; 
Jarvis & Goodacre, 2008). They were also one of the first groups to successfully apply 
various advanced classification techniques to the SERS spectra. The group of Premasiri et al. 
have used gold-cluster-covered silicon substrates and a Raman microscope to discriminate 
SERS spectra of bacteria (Premasiri et al., 2005) as well as to classify the bacteria down to the 
subspecies level (Patel et al., 2008). A very recent study by Walter et al. uses silver colloids 
and a microfluidic device and greatly minimizes sample volume and exposure time for 
obtaining SERS spectra of E. coli which are classified with high accuracy (Walter et al., 2011). 
A major limitation of SERS in the identification of bacteria are the spectral variations 
present, even between spectra from the same sample, since the technique is very sensitive to 
substrate, sample preparation, as well as local field conditions. Despite these limitations 
SERS is definitely much more sensitive for identifying and classifying bacteria than normal 
Raman and is now the preferred route for developing rapid methods of UTI diagnosis. 

1.3 Raman instrumentation 
A Raman spectrometer setup is conceptually simple. It consists of a light source, light 
focusing optics, a spectrograph, and a detector (Fig. 3.) Modern Raman spectrometers may 
be classified roughly into multichannel Raman spectrometer systems, with variable laser 
sources and a charge-coupled device (CCD) detector, and small compact Raman systems, 
with fixed excitation wavelength and a CCD detector. In most cases, a laser is used as the 
excitation source. Light can be delivered to and collected from the sample either directly or 
via fiber-optic probes. The Raman scattered signal is directed to a spectrograph where it is 
analyzed to its constituent wavelengths and projected onto the CCD, allowing the latter to 
acquire a Raman spectrum. The data is collected in raw digital form for further processing 
on a computer. Raman systems are commercially available in a variety of sizes and 
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configurations. Depending on the accuracy and sensitivity requirements of the application, 
the complexity of a Raman system can vary from a simple handheld device to a custom 
experimental setup. The Raman apparatus can also be seamlessly integrated with an optical 
microscope to perform Raman microscopy. 
 

 
Fig. 3. Basic Raman instrumentation with a single laser source, fiber-optic delivery probe, 
spectrograph, CCD, and necessary electronics for power supply and computer interfacing. 

2. Data processing, classification, and evaluation 
Raman spectra from simple and concentrated solutions, of single or few chemical 
constituents, are easy to measure and interpret. However, as the concentration decreases or 
the samples become more complex, e.g. tissue or bacteria, the extraction of useful 
information from the weak and noisy Raman spectra becomes more challenging. The two 
major factors which make Raman signals difficult to classify are the fact that they are 
usually obscured by a large amount of noise and that the signals have a great deal of 
variance even between spectra which originate from the same sample. Both these problems 
(noise and high variance) must be rigorously addressed when attempting to classify the 
Raman spectra of UTI involved pathogens.  
Classification is the exercise of assigning a class to an object. In the case of analyzing Raman 
spectra for UTI, the objects are the Raman spectra themselves, and the class of each 
spectrum is the species or subspecies of the bacteria that yielded the specific measurement. 
The procedure for performing classification can be broken down into four main steps. The 
first step is pre-processing which attempts to remove noise and to normalize the Raman 
spectra. The second step is feature creation which uses the de-noised and normalized 
spectra in order to create features which will be fed to the classification algorithm. In 
statistical terms, the features can be considered to be the "independent variables."  The 
"dependent variable" is the class. The third step in the classification process is the use of the 
features by the classification algorithm to yield the estimated class of the sample. The final 
step is the evaluation of the classification to determine its accuracy. 
Although these four steps describe the overall picture of the classification process well, it is 
not always the case that all steps are necessary or even separable. For example, in some 
procedures the de-noising, normalization and feature creation can be conceptualized as one 
step. Furthermore, in one of the most successful techniques presented for the classification 
of Raman spectra (Kyriakides et al., 2010), no explicit normalization is performed in the pre-
processing step, but instead, the normalization is accomplished by the distance metric used 
to compare the feature vectors. 
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acquire a Raman spectrum. The data is collected in raw digital form for further processing 
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spectra in order to create features which will be fed to the classification algorithm. In 
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"dependent variable" is the class. The third step in the classification process is the use of the 
features by the classification algorithm to yield the estimated class of the sample. The final 
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Although these four steps describe the overall picture of the classification process well, it is 
not always the case that all steps are necessary or even separable. For example, in some 
procedures the de-noising, normalization and feature creation can be conceptualized as one 
step. Furthermore, in one of the most successful techniques presented for the classification 
of Raman spectra (Kyriakides et al., 2010), no explicit normalization is performed in the pre-
processing step, but instead, the normalization is accomplished by the distance metric used 
to compare the feature vectors. 
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2.1 Pre-processing 
2.1.1 Noise removal 
The weak nature of the Raman effect results in spectra with very low signal-to-noise ratio 
(SNR). Noise in Raman spectra takes one of three forms: (i) High frequency noise, (ii) Low 
frequency noise, and (iii) Cosmic spikes (Fig. 4). 
High frequency noise comes from the acquisition electronics and other sources of system 
variation. Median filtering can be used to remove this type of noise (Harz et al., 2005). 
Another technique commonly used is wavelet-based denoising (Ehrentreich & Sümmchen, 
2001). Both these techniques work well and using at least one of them is recommended. Low 
frequency noise arises from ambient light entering the spectrograph and fluorescence 
emission from the sample which, in the case of biological samples, can significantly reduce 
the dynamic range of the measurement. This is seen as a background baseline which is 
present in the spectra. Iterative curve-fitting or low pass filtering can be used to estimate 
and remove the background baseline (Mahadevan-Jansen, 2002). Removing the low 
frequency noise can help improve the accuracy of the classification, but it is not always 
necessary. Using the first and second derivatives of the spectrum as features for the 
classification by itself removes the baseline since the derivatives indicate changes and 
curvature and not background (see section "Feature Creation" below). Cosmic spikes are 
spurious, very narrow, spikes appearing in the Raman spectra. They are an artefact of the 
detection electronics. The techniques used to filter out high frequency noise can also be used 
to remove cosmic spikes. For example, it has been shown that median filtering is an effective 
way to remove this type of noise too (Kastanos et al., 2010). Cosmic spikes can produce 
outliers which can be detrimental to the accuracy of several classification methods. It is 
therefore highly recommended that cosmic spikes are always removed before initiating any 
classification process. 
 

 
Fig. 4. A. Raman spectrum of fructose exhibiting cosmic spikes (red arrows), background 
fluorescence (red curve), and high frequency noise (blue arrows). B. The same spectrum 
after pre-processing. 

2.1.2 Normalization 
Raman spectra acquired sequentially or intermittently from exactly the same sample can 
exhibit a large amount of variance. This is usually in the form of an additive or 
multiplicative shift. These variations, in certain cases, can adversely affect the classification 
and should be eliminated by normalizing the spectra. Two of the most common techniques 
used are normalization using the highest peak (Liu et al., 2009), and vector normalization 
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(Dörfer et al., 2010). In the first case, all the spectra are modified so that they have the same 
minimum and maximum values. In the case of vector normalization the samples are 
considered to be multi-dimensional vectors and are modified so that their magnitudes are 
equal.  

2.1.3 Considerations and caveats 
It is important to note that the pre-processing step greatly affects the accuracy of the 
classification results. A sufficient amount of pre-processing must be performed in order to 
increase the classification accuracy. At the same time, however, it is imperative to 
understand that too much pre-processing can introduce user bias and over-fitting effects, 
which will decrease the accuracy of the results when truly unknown samples are 
subsequently classified. A classification algorithm which is self-normalizing (Kyriakides et 
al., 2010) avoids the pitfalls of too much pre-processing and therefore improves the 
classification accuracy of the technique. 

2.2 Feature creation 
Once the noise removal and normalization have been completed, features must be created to 
be subsequently used by the classification algorithm. The most common technique of feature 
creation is Principal Component Analysis (Jollife, 2002) which uses a linear transformation 
to represent the original data into a new coordinate space. The dimensions of this new space 
are in the directions of maximum variance of the features. The first principal component 
captures the dimension of maximum variance, the second principal component captures the 
dimension of the second greatest variance, and, similarly, the subsequent principal 
components capture the dimensions of successively decreasing variances. It is common to 
choose only a subset of these principal components as features. Usually the first few 
principal components are used, although this is not always the best approach (Jollife, 1982). 
An important benefit of selecting only a subset of the principal components is that the 
dimensionality of the data is reduced. This can be advantageous for the classification 
process for several reasons. The reduced number of features might capture the differences 
between classes more effectively, thus increasing the classification accuracy. In addition, the 
reduced number of variables might decrease the complexity of the classification, lower the 
computational cost, and improve the speed of the classification procedure. In methods such 
as Discriminant Analysis (DA, discussed below), dimensionality reduction is sometimes 
required in order to remove features which are highly correlated. In the DA algorithm, such 
features produce a singular matrix with no inverse, and thus DA cannot be performed. 
Using the first and second derivatives is also a commonly used technique (Ferraro et al., 
2003; Loethen et al., 2004; Navas et al., 2010) for feature creation. This method has the 
advantage of capturing the successive intensity differences of the Raman spectrum (first 
derivative), or the successive rates of change of the differences in the spectrum (second 
derivative). These measures have proven very successful in the analysis of Raman data and 
have been widely adopted. An additional advantage of taking the derivatives of the 
spectrum is that the baseline is removed without introducing bias or human error which 
would occur if the baseline was removed manually. 
Another technique, which was shown to be successful in feature creation, is the use of 
spectral band ratios (Kyriakides et al., 2010). Each spectrum is broken down into segments, 
each consisting of a small band of wavenumbers. The mean intensity of each segment is 
found,  and the ratio of the  mean  intensity of  each segment to  every other segment in the 
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(Dörfer et al., 2010). In the first case, all the spectra are modified so that they have the same 
minimum and maximum values. In the case of vector normalization the samples are 
considered to be multi-dimensional vectors and are modified so that their magnitudes are 
equal.  

2.1.3 Considerations and caveats 
It is important to note that the pre-processing step greatly affects the accuracy of the 
classification results. A sufficient amount of pre-processing must be performed in order to 
increase the classification accuracy. At the same time, however, it is imperative to 
understand that too much pre-processing can introduce user bias and over-fitting effects, 
which will decrease the accuracy of the results when truly unknown samples are 
subsequently classified. A classification algorithm which is self-normalizing (Kyriakides et 
al., 2010) avoids the pitfalls of too much pre-processing and therefore improves the 
classification accuracy of the technique. 

2.2 Feature creation 
Once the noise removal and normalization have been completed, features must be created to 
be subsequently used by the classification algorithm. The most common technique of feature 
creation is Principal Component Analysis (Jollife, 2002) which uses a linear transformation 
to represent the original data into a new coordinate space. The dimensions of this new space 
are in the directions of maximum variance of the features. The first principal component 
captures the dimension of maximum variance, the second principal component captures the 
dimension of the second greatest variance, and, similarly, the subsequent principal 
components capture the dimensions of successively decreasing variances. It is common to 
choose only a subset of these principal components as features. Usually the first few 
principal components are used, although this is not always the best approach (Jollife, 1982). 
An important benefit of selecting only a subset of the principal components is that the 
dimensionality of the data is reduced. This can be advantageous for the classification 
process for several reasons. The reduced number of features might capture the differences 
between classes more effectively, thus increasing the classification accuracy. In addition, the 
reduced number of variables might decrease the complexity of the classification, lower the 
computational cost, and improve the speed of the classification procedure. In methods such 
as Discriminant Analysis (DA, discussed below), dimensionality reduction is sometimes 
required in order to remove features which are highly correlated. In the DA algorithm, such 
features produce a singular matrix with no inverse, and thus DA cannot be performed. 
Using the first and second derivatives is also a commonly used technique (Ferraro et al., 
2003; Loethen et al., 2004; Navas et al., 2010) for feature creation. This method has the 
advantage of capturing the successive intensity differences of the Raman spectrum (first 
derivative), or the successive rates of change of the differences in the spectrum (second 
derivative). These measures have proven very successful in the analysis of Raman data and 
have been widely adopted. An additional advantage of taking the derivatives of the 
spectrum is that the baseline is removed without introducing bias or human error which 
would occur if the baseline was removed manually. 
Another technique, which was shown to be successful in feature creation, is the use of 
spectral band ratios (Kyriakides et al., 2010). Each spectrum is broken down into segments, 
each consisting of a small band of wavenumbers. The mean intensity of each segment is 
found,  and the ratio of the  mean  intensity of  each segment to  every other segment in the 
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Fig. 5. Contour plots of the ratios between different segments of the average Raman spectra 
from several samples of E. coli, Klebsiella, and Proteus.  Differences between the species are 
evident.  

spectrum is then calculated. These ratios are then used as features for the classification of the 
data. This technique has two significant advantages. First, normalization is inherently 
achieved since the intensity of one part of the spectrum is compared to the intensity of other 
parts of the same spectrum. In this way, even if the intensity of the whole spectrum 
uniformly varies, the ratios of intensities remain the same. Second, the number of features is 
much less than the original number of data points thus achieving a reduction in the 
dimensionality of the data. The success of this method implies that classification can still 
achieve good accuracy even when using a low resolution spectrum, an important deduction 
supporting the use of clinically viable, commercial, low cost, low resolution systems. 

2.3 Classification 
Accurate classification of Raman spectra is crucial if the technique is ever to have a clinical 
application and, more importantly, affect disease diagnosis and prognosis. The range of 
classification techniques in the literature is extensive. However, certain methods appear to 
perform well when applied to Raman spectra and those will be covered in this section. 
Classification can be either supervised or unsupervised. Unsupervised classification 
methods group the data points into clusters without using any information about the class 
(label) of each data point. Supervised classification methods on the other hand require a set 
of data points which are labeled, i.e. their class is known a priory. These labeled data points 
are used to train the algorithm, using the known information about the class (label) of each 
point, to create a model of the data. Once the supervised model has been trained, it can be 
used to classify data points which were not in the training set, by assigning them to one of 
the classes described in the training set. 

2.3.1 Unsupervised classification (Clustering) 
In Raman spectroscopy, Hierarchical Cluster Analysis (HCA) is the most commonly used 
unsupervised classification method (Baker & Hubert, 1975). Being an unsupervised method, 
it does not require a priori labeling of the data points. During the training phase clusters are 
formed and, subsequently, HCA can be used to classify a new data point by determining 
into which cluster this new data point falls. The results of HCA are easy to interpret and can 
be easily visualized as a dendrogram (Fig. 6). This ease of interpretation has made HCA 
very popular. However, this method does not provide good classification performance on 
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data points which are “out-of-sample,” i.e. not in the training set. HCA is relatively unstable 
because clusters formed in the lower levels of the hierarchy can constrain the clusters 
formed at higher levels of the hierarchy. This constraint can make the analysis unreliable.  
 

 
Fig. 6. Example dendrogram clustering 20 samples according to their “color” property. 
Below is the sample number indicating the true “color” of each sample. Notice that samples 
17 and 4 have been misclassified. 

The most important consideration when performing cluster analysis is the similarity metric 
(distance metric) which is used to compare data points. The most commonly used distance 
metric is the Euclidean distance, but this might not be the most appropriate in the case of 
Raman spectra. A general disadvantage of cluster analysis is the assumption that clusters do 
actually exist. This assumption is not always true. Furthermore, it is not always clear how 
many clusters should be formed. The number of clusters is a prominent concern when 
performing this type of analysis.  

2.3.2 Supervised classification 
In supervised classification, the goal is to assign data points, which were not seen before, 
into classes learned from a training set assuming that each data point belongs to one of the 
known classes. For example, Raman spectra obtained from bacteria can be labeled and 
classified based on the species of the bacterium from which they originated. Each spectrum 
is a data point, and it belongs to one class. Supervised learning requires that the class of 
some data points is known (labeled data points). Those points are used as a training set to 
create a model which can then be used to predict the label of unlabeled data points ("out-of-
sample" data points) whose class is not known. Semi-supervised methods, which do not 
require all data points to be labeled, do exist. However, in this section, we will only deal 
with supervised methods in which all the data points are labeled. Some of the most 
commonly used supervised learning methods, applicable to the classification of Raman 
spectra, are listed below including a brief discussion of their advantages and disadvantages. 
Nearest Neighbor: The nearest neighbour approach is very simple and does not explicitly 
require any training. The data points in the training set are used to predict future unlabeled 
data points by finding the distance between unlabeled data points and the labeled data 
points in the training set. The unlabeled data point is predicted to belong to the class of the 
data point in the training set to which it is closest. In the simplest case, the class is 
determined by the one data point which is closest, the so-called 1-nearest neighbor (1NN). It 
is possible to perform the classification using more nearest neighbors. For example, if the 
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Fig. 5. Contour plots of the ratios between different segments of the average Raman spectra 
from several samples of E. coli, Klebsiella, and Proteus.  Differences between the species are 
evident.  
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it does not require a priori labeling of the data points. During the training phase clusters are 
formed and, subsequently, HCA can be used to classify a new data point by determining 
into which cluster this new data point falls. The results of HCA are easy to interpret and can 
be easily visualized as a dendrogram (Fig. 6). This ease of interpretation has made HCA 
very popular. However, this method does not provide good classification performance on 
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data points which are “out-of-sample,” i.e. not in the training set. HCA is relatively unstable 
because clusters formed in the lower levels of the hierarchy can constrain the clusters 
formed at higher levels of the hierarchy. This constraint can make the analysis unreliable.  
 

 
Fig. 6. Example dendrogram clustering 20 samples according to their “color” property. 
Below is the sample number indicating the true “color” of each sample. Notice that samples 
17 and 4 have been misclassified. 
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require all data points to be labeled, do exist. However, in this section, we will only deal 
with supervised methods in which all the data points are labeled. Some of the most 
commonly used supervised learning methods, applicable to the classification of Raman 
spectra, are listed below including a brief discussion of their advantages and disadvantages. 
Nearest Neighbor: The nearest neighbour approach is very simple and does not explicitly 
require any training. The data points in the training set are used to predict future unlabeled 
data points by finding the distance between unlabeled data points and the labeled data 
points in the training set. The unlabeled data point is predicted to belong to the class of the 
data point in the training set to which it is closest. In the simplest case, the class is 
determined by the one data point which is closest, the so-called 1-nearest neighbor (1NN). It 
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three data points in the training set closest to the unlabeled data point are used, then the 
approach is called 3-nearest neighbor (3NN). In the general case, when K nearest neighbors 
are used, the approach is called K-nearest neighbor (KNN). A disadvantage of this method 
is that the prediction could be slow because unlabeled data points must be compared to all 
data points in the training set. Therefore, the prediction speed depends on the size of the 
training set. KNN models have been shown to work well in certain applications although 
the 3NN approach is usually preferred. It is a very simple technique to implement. The most 
serious disadvantage of this method is that it is very sensitive to outliers. It is also very 
sensitive to irrelevant features which might be present in the data points.  
Discriminant Analysis: Linear discriminant analysis (LDA) is one of the most commonly-
used classification methods, mainly due to its simplicity and low computational cost 
(Krzanowski, 2000). It is a parametric technique which assumes that the independent 
variables (features) follow a multivariate normal distribution. The training data is used to 
find the parameters of the normal distribution which describes each class. These 
distributions are then used to create a discriminant model. In LDA, the assumption is that 
the different classes are described by identical covariance matrices. If this assumption is 
removed, then the different classes are allowed to have different covariances. In this way, 
the separating functions become quadratic, and this is called Quadratic Discriminant 
Analysis (QDA). It is important to choose either LDA or QDA depending on the 
characteristics of the data. DA is highly sensitive to outliers since they can greatly affect the 
shape of the calculated distributions. If it is obvious that a data point is an outlier it is best to 
remove it before carrying out DA. DA can be advantageous since (Tufféry, 2011):  
 It is very fast because it requires very little computation. 
 It is optimal when the assumptions of normality hold true. 
 The models produced are concise and are easily implemented. 
 It is a good technique for detecting global phenomena. 
 It is widely implemented so it is easy to find and use. 
However, DA may be suboptimal in some cases since: 
 If using LDA, only linear phenomena can be detected. 
 It is sensitive to outliers. 
 It makes assumptions of normality on the features (independent variables). If this 

assumption does not hold, then the accuracy of the results will be greatly reduced. This 
is the main and most serious disadvantage of DA. 

DA is a simple technique that only performs well on data points which are well-separated 
and on features which follow a normal distribution. If one of the independent variables 
(features) is highly correlated with another, or is a function of another set of features, then 
the calculations for finding the discriminant function will fail. This case is very common 
when the number of features (independent variables) is much greater than the number of 
observations (data points). For this reason it is better to first transform the features before 
applying DA. The two most commonly used methods for transforming the Raman data are 
Principal Component Analysis (PCA), and Partial Least squares (PLS). This leads to the two 
classification methods known as PC-DFA (Principal Component Discriminant Function 
Analysis) and PLS-DA (Partial Least Squares Discriminant Analysis). 
Principle Components Discriminant Function Analysis (PC-DFA) uses Principal Component 
Analysis to first transform the data into a new space in order to maximize the variance in 
each dimension before performing DA. Each dimension is called a principal component. 
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This method can often lead to good results. However, in cases where the variance of the 
features is not a good criterion for class separability, it is best to use another method, such as 
PLS-DA. 
Partial Least Squares Discriminant Analysis (PLS-DA) is a method which attempts to 
increase the separation of groups (classes) by representing the data points in a new space 
(Barker & Rayens, 2003). The key difference between PLS and PCA is that PCA aims to find 
directions of maximum variance, whereas PLS aims to find directions which maximize 
group separability.  In some cases the two coincide, that is when group separability is well 
described by the variance of the features. In other cases it is best to use PLS instead of PCA. 
An advantage of PLS-DA is that it can describe complex relationships between features 
(Weston & Watkins, 1999). However, it has been shown that PLS-DA has issues with over-
fitting (Westerhuis et al., 2008). For this reason, it might produce good results when 
performing cross validation, but its accuracy on "out-of-sample" data can be low when over-
fitting on the training data occurs. This is a good example of how cross-validation accuracy 
fails to capture the expected classification accuracy on future "out-of-sample" data. 
Support Vector Machines (SVMs): A Support Vector Machine is a binary classifier which 
aims to distinguish between two classes of instances by finding the maximum separating 
hyperplane between them (Vapnik, 1998). For this reason it tends to generalize better than 
the much simpler DA-based approaches. By design, SVM's can only discriminate between 
two classes. In order to allow for the classification of more than two classes, one can employ 
more than one SVM’s. SVM’s, in their simple form, are linear classifiers. It is possible 
however to create non-linear SVM's by increasing the dimensionality of the feature space by 
using the so-called "kernel trick" (Schölkopf et al., 1998; Cristianini & Shawe-Taylor, 2004), 
which employs a kernel function to transform the data. It is thus possible to find a 
separating hyperplane in higher dimensions where such a hyperplane would not exist in 
lower dimensions. There are many choices for the type of kernel function to use (Cristianini 
& Shawe-Taylor, 2004). The standard choices are the linear kernel (dot-product kernel), the 
polynomial kernel, and the Gaussian Kernel. The best results can be obtained by using an 
appropriate kernel. It has been shown that for the classification of Raman Spectra, the 
correlation kernel (Kyriakides et al., 2010) can give high accuracy on “out-of-sample data.” 
SVM’s have several advantages (Tufféry, 2011): 
 By using a kernel the power of the SVM can be greatly increased so that it can model 

non-linear phenomena. 
 SVM’s are non parametric. They do not make any assumptions about the distribution of 

the data. 
 They can generalize well. This results in good predictive performance on "out-of-

sample" data. 
 With the choice of the appropriate kernel, one can put more stress on the desired 

characteristics of the data which are used for discrimination. 
 The uniqueness of the solution is guaranteed. 
 Only the most important data points (support vectors) of the training set are used in 

making predictions, making the classifier more robust to noise and outliers. 
Disadvantages of SVM's include: 
 The SVM model is not transparent. Due to its non-parametric nature the results cannot 

be presented in a way which can be easily interpreted for further analysis to gain 
further insight. 

 SVM’s are sensitive to the choice of kernel parameters. 
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 They require a lot of computation to find the best parameters during training. 

2.4 Evaluation of the classification results 
In order to evaluate the performance of a classifier, the most commonly used techniques are 
cross-validation and performance on a “hold-out set.” Cross-validation uses only the 
training set which is broken down into smaller parts, or "folds". It is often preferred to use 
10 folds to perform so-called 10-fold cross-validation. All the folds, except one, are used for 
training. Testing consists of predicting the class of each data point in the fold which was left 
out. The cross-validation procedure performs training and testing as many times as there are 
folds. Each time, a different fold is left out for testing. In this way, a prediction is made on 
the class of all the data points in the training set. In the extreme case, each fold can consist of 
only one data point. This is called Leave-One-Out Cross Validation, and is most often used 
when the training set is small. Cross-validation generally results in a good estimate, but this 
is not always the case. Classification algorithms which do not generalize well can sometimes 
perform well in cross-validation and not so well on “out-of-sample data” (Kyriakides et al., 
2010). For this reason it is best to test the classification on a “hold-out set” consisting of data 
points which were not used for training but whose class label is known. The performance of 
the classifier on such a test set is a good indication of the performance on future unseen 
(“out-of-sample”) data. 

3. Raman spectroscopy for UTI diagnosis 
For Raman spectroscopy to become a viable clinical tool the following key diagnostic 
objectives must be addressed and successfully accomplished: 
1. Classification of urine samples as positive or negative for UTI based on the bacterial 

load. 
2. Identification of the pathogen involved in the positive samples. 
3. Determination of the antibiogram, i.e. antibiotic sensitivity, of the bacteria involved. 
Recent research results indicate that it may indeed be possible to achieve all three of the 
above objectives with Raman or SERS enabling rapid and accurate UTI diagnosis using low 
cost, turn-key equipment.  

3.1 Classification of bacterial samples as positive or negative 
Most of the work published on Raman spectroscopy of bacteria has focused on identification 
of bacterial species or subspecies with but a few studies are available on quantification of 
samples using these techniques. Escoriza et al. used Raman spectroscopy to quantify filtered 
waterborne bacteria but ran into problems because of the high fluorescence background 
from the alumina or silver membrane filters they used (Escoriza, 2006). There are also some 
studies on quantification of viruses using SERS (Fan, 2010; Wang, 2010) 
Raman spectroscopy and, in particular, SERS are sensitive enough to detect bacteria at 
concentrations considered normal and pathologic for UTIs. This can be verified by 
performing quantification studies of known bacterial concentrations. For example, E. coli 
bacteria were cultured and their concentration in solution was determined using their 
optical density. Samples were diluted serially with sterile deionized water to obtain the 
following concentrations: 103, 104, 105, 106, 107 and 108 bacteria/ml. 10 μl of each sample 
were mixed with an equal volume of concentrated gold nanoparticles, spotted on glass 
slides and allowed to dry. SERS spectra were collected form 22 samples using a portable 
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commercial Raman spectrometer at 785 nm excitation wavelength and 4.5 cm-1 resolution. 
Spectra were preprocessed by filtering to remove the background and high frequency noise. 
Figure 7 shows the spectra after pre-processing. The feature vector for each sample 
contained the pre-processed Raman spectrum as well as its first and second derivatives. 
Each sample was assigned a class of 0 for no infection (concentrations of ≤ 104 bacteria/ml) 
or 1 for infection (concentration ≥ 105 bacteria/ml.) The outcome showed that ~ 82% of the 
samples were correctly classified as negative (class 0) or positive (class 1) for UTI (Kastanos 
et al., 2011).  
These results are, of course, very preliminary and much more work is required to develop 
the technique. They do indicate, however, that it is possible to examine a urine sample 
and determine whether it is negative or positive for UTI based on its Raman spectral 
properties.  
 

 
Fig. 7. A. Bacteria (E. coli) and gold nanoparticles spotted on a glass slide for SERS 
measurement. B. SERS spectra for different E.coli samples after pre-processing, indicating 
the average spectrum and the range of values, i.e. inter-sample variability. 

3.2 Identification of the pathogen in a positive sample 
As mentioned in the chapter’s introduction, several investigators are evaluating the use of 
Raman spectroscopy as a tool for bacterial classification. Recent studies have shown that 
employing novel feature creation techniques, such as the ratios of different Raman bands 
(Fig. 5) yields high-quality results even when using a low cost, low resolution Raman 
system (Kastanos et al., 2010). The power of Raman spectroscopy for UTI diagnosis can be 
verified experimentally. For example, clinical bacterial isolates from patients with UTI (n 
=75), previously identified by conventional tests as positive, were collected from clinical 
laboratories. Specifically, spectra from 25 samples of E. coli, 25 of K. pneumoniae and 25 of 
Proteus spp. were acquired using a portable commercial Raman spectrometer at 785 nm 
excitation wavelength and 4.5 cm-1 resolution. No filtering of the spectra was performed. 
Each spectrum was broken up into 25 cm-1 segments and the mean intensity for each 
segment was determined. Ratios of each segment’s mean intensity to every other segment’s 
mean intensity were calculated.  The classification method used was Linear Discriminant 
Analysis with a Principal Components transformation to reduce the dimensionality of the 
data. A leave-one-out cross-validation procedure was performed to verify the performance 
of the classifier. The overall accuracy of the technique was 95%. Very high sensitivity (88-
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Raman spectroscopy and, in particular, SERS are sensitive enough to detect bacteria at 
concentrations considered normal and pathologic for UTIs. This can be verified by 
performing quantification studies of known bacterial concentrations. For example, E. coli 
bacteria were cultured and their concentration in solution was determined using their 
optical density. Samples were diluted serially with sterile deionized water to obtain the 
following concentrations: 103, 104, 105, 106, 107 and 108 bacteria/ml. 10 μl of each sample 
were mixed with an equal volume of concentrated gold nanoparticles, spotted on glass 
slides and allowed to dry. SERS spectra were collected form 22 samples using a portable 
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commercial Raman spectrometer at 785 nm excitation wavelength and 4.5 cm-1 resolution. 
Spectra were preprocessed by filtering to remove the background and high frequency noise. 
Figure 7 shows the spectra after pre-processing. The feature vector for each sample 
contained the pre-processed Raman spectrum as well as its first and second derivatives. 
Each sample was assigned a class of 0 for no infection (concentrations of ≤ 104 bacteria/ml) 
or 1 for infection (concentration ≥ 105 bacteria/ml.) The outcome showed that ~ 82% of the 
samples were correctly classified as negative (class 0) or positive (class 1) for UTI (Kastanos 
et al., 2011).  
These results are, of course, very preliminary and much more work is required to develop 
the technique. They do indicate, however, that it is possible to examine a urine sample 
and determine whether it is negative or positive for UTI based on its Raman spectral 
properties.  
 

 
Fig. 7. A. Bacteria (E. coli) and gold nanoparticles spotted on a glass slide for SERS 
measurement. B. SERS spectra for different E.coli samples after pre-processing, indicating 
the average spectrum and the range of values, i.e. inter-sample variability. 

3.2 Identification of the pathogen in a positive sample 
As mentioned in the chapter’s introduction, several investigators are evaluating the use of 
Raman spectroscopy as a tool for bacterial classification. Recent studies have shown that 
employing novel feature creation techniques, such as the ratios of different Raman bands 
(Fig. 5) yields high-quality results even when using a low cost, low resolution Raman 
system (Kastanos et al., 2010). The power of Raman spectroscopy for UTI diagnosis can be 
verified experimentally. For example, clinical bacterial isolates from patients with UTI (n 
=75), previously identified by conventional tests as positive, were collected from clinical 
laboratories. Specifically, spectra from 25 samples of E. coli, 25 of K. pneumoniae and 25 of 
Proteus spp. were acquired using a portable commercial Raman spectrometer at 785 nm 
excitation wavelength and 4.5 cm-1 resolution. No filtering of the spectra was performed. 
Each spectrum was broken up into 25 cm-1 segments and the mean intensity for each 
segment was determined. Ratios of each segment’s mean intensity to every other segment’s 
mean intensity were calculated.  The classification method used was Linear Discriminant 
Analysis with a Principal Components transformation to reduce the dimensionality of the 
data. A leave-one-out cross-validation procedure was performed to verify the performance 
of the classifier. The overall accuracy of the technique was 95%. Very high sensitivity (88-
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100%) and specificity (94-100%) values for classification of the three species of bacteria were 
obtained.  
The use of SERS can further enhance the sensitivity and specificity of bacterial classification 
providing accurate results for more than three species at a time. To verify this, clinical 
bacterial isolates from patients with UTI (n = 46) were obtained from clinical laboratories 
after being identified as positive using conventional tests. Specifically, 10 samples of E. coli, 9 
of K. pneumoniae, 9 of Proteus spp., 9 of Enterococcus spp. and 9 of Citrobacter spp. were 
obtained for SERS using the same spectrometer as before. Ratio features, PCA, DA, and a 
leave-one-out cross-validation procedure were performed as before. Classification was 
originally done for 3 species (E.coli, K. pneumonia, Proteus spp.) and then for all 5 species of 
bacteria. Table 1 illustrates the results of the classification analysis of the SERS spectra. 
These results suggest that classification of bacteria belonging to 3 classes using SERS is as 
accurate (93%) as classification using normal Raman spectra (95%). However, much more 
accurate classification of bacteria belonging to 5 classes is achieved using SERS (91%) 
compared to using normal Raman spectra (73%). A wavenumber band of 25 cm-1 was 
proved to be a better choice for providing more accurate classification of the 5 classes of 
bacteria using the ratios method. 
 

 
Fig. 8. SERS classification of two unknowns, E. coli, (A) and Enterococcus spp, (B). The first 
two principal components (PC1 & PC2), that contained the most information, were plotted 
against each other for visualization purposes. Each of the unknowns clearly falls in the 
correct species cluster. Note that the plots differ since the training sets differ by one member. 

 
Classes Band Size (cm-1) Correct Classification

3 50 28/30 (93%) 

3 25 28/30 (93%) 

5 50 40/46 (87%) 

5 25 42/46 (91%) 

Table 1. Results of classification analysis of SERS spectra from 3 or 5 classes of bacteria. 
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Fig. 9. Normalized MANOVA score of SERS spectra of E. coli, K. pneumonia, and Proteus spp. 
strains after their incubation in the presence of 0.128 μg/ml Ciprofloxacin (*), in the 
presence of 64 μg/ml Amoxicillin (+), or in the absence of any antibiotic (○). 

3.3 Antibiotic sensitivity of bacterial samples 
In order for the diagnosis of a UTI to be complete, the antibiotic sensitivity of the involved 
pathogen must be determined. Most of the studies, in the past, involved the use of Raman 
for distinguishing live bacteria from bacteria that were killed by heating (Baek et al., 1988; 
Grow et al., 2003), desiccation (Robertson et al., 1992; Deng & Cliver, 1999), or UV 
irradiation (Lorenzo-Lorenzo et al. , 1993; Belosevic et al., 2001). More recent work by Liu et 
al (Liu et al., 2009) shows very clear differences between the spectra of bacteria that are 
sensitive and the spectra of bacteria that are resistant to an antibiotic. However, no 
classification of samples as sensitive or resistant to an antibiotic was done by this group. The 
current hypothesis is that exposure of bacteria to an antibiotic to which they are sensitive 
will cause either external or internal molecular changes, depending on the mechanism of 
action of the antibiotic. It is expected that the short life cycle of bacteria will allow the 
visualization of these changes in their Raman spectra within a few hours of exposure to an 
antibiotic.  
In a recent study (Kastanos et al., 2010), Raman spectra were collected from 27 strains of 
bacteria, belonging to the species E. coli, K. pneumonia, and Proteus spp., shown to be sensitive 
to Ciprofloxacin and resistant to Amoxicillin by conventional antibiograms. The spectra 
were collected after treatment in the presence or absence of each of the two antibiotics for 0, 
2 and 4 hours. Spectra were collected using a portable, commercial, Raman spectrometer at 
785 nm excitation wavelength and 4.5 cm-1 resolution. The spectra were filtered and the 
fluorescence background was subtracted. The Raman spectrum, as well as the first and 
second derivatives, were included in the feature vector. A principal components (PCs) 
transformation was used and only PCs describing the highest variance were retained. The 
data was, then, analyzed using the MANOVA algorithm which calculated a score for each 
sample which would provide maximum separation between a group of bacteria which were 
sensitive to an antibiotic with the groups of bacteria which were resistant or were not 
treated with antibiotic. Figure 9 shows that the MANOVA score of bacteria incubated with 
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100%) and specificity (94-100%) values for classification of the three species of bacteria were 
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providing accurate results for more than three species at a time. To verify this, clinical 
bacterial isolates from patients with UTI (n = 46) were obtained from clinical laboratories 
after being identified as positive using conventional tests. Specifically, 10 samples of E. coli, 9 
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leave-one-out cross-validation procedure were performed as before. Classification was 
originally done for 3 species (E.coli, K. pneumonia, Proteus spp.) and then for all 5 species of 
bacteria. Table 1 illustrates the results of the classification analysis of the SERS spectra. 
These results suggest that classification of bacteria belonging to 3 classes using SERS is as 
accurate (93%) as classification using normal Raman spectra (95%). However, much more 
accurate classification of bacteria belonging to 5 classes is achieved using SERS (91%) 
compared to using normal Raman spectra (73%). A wavenumber band of 25 cm-1 was 
proved to be a better choice for providing more accurate classification of the 5 classes of 
bacteria using the ratios method. 
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correct species cluster. Note that the plots differ since the training sets differ by one member. 
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visualization of these changes in their Raman spectra within a few hours of exposure to an 
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Ciprofloxacin is significantly lower than that of untreated bacteria or bacteria treated with 
Amoxicillin even as early as 2 hours after incubation with the antibiotics. These results 
suggest that Raman spectroscopy could be used to determine the antibiotic susceptibility of 
bacteria even after a very short treatment with the antibiotic. The study was repeated using 
SERS with similar results indicating that the advantages of SERS, such as increased 
sensitivity and improved speed, can be exploited in antibiotic testing as well. These studies 
are currently being expanded to include more bacteria and more antibiotics.  

4. Conclusion 
In this chapter, a review of the current state of the application of Raman spectroscopy in 
bacterial identification and, more specifically, UTI diagnosis is presented. Raman 
spectroscopy and SERS, in particular, offer the possibility to develop highly versatile and 
powerful diagnostic tools. They can provide complex biochemical information which, in 
conjunction with advanced analysis and classification techniques, can lead to rapid and 
accurate diagnosis of UTIs. Recent advances in the instrumentation, experimental 
techniques, analysis, and classification, have enabled the fast and accurate quantification 
and identification of bacterial populations as well as the determination of their sensitivity to 
antibiotics. These results are still preliminary and must be significantly expanded. However, 
there is great interest in the area and the research community actively strives to improve the 
yield and accuracy of Raman-based diagnostics. In the future, a simple, point-of-care, device 
is envisioned which will provide a complete UTI diagnosis, from a single urine sample, 
within a few hours. Such a technology could have significant short and long term benefits 
for public health by reducing the cost of diagnosis, improving prognosis, and reducing the 
unnecessary use of antibiotics and, therefore, bacterial resistance.  
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1. Introduction 
Urinary Tract Infections (UTIs) account for nearly 8 million physician visits and 1.5 million 
visits to emergency rooms annually in the United States (Foxman, 2003; Litwin et al., 2005; 
Stamm and Hooton, 1993). It is the second most common infection of any organ and is one 
of the most common infections in humans (Tabiban et al., 2008). UTIs account for a total 
annual cost of more than $ 3.5 billion in the United States (Litwin et al., 2005). UTI refers to 
the presence of clinical signs and symptoms arising from the genitourinary tract associated 
with the presence of one or more microorganisms (Guay, 2009). UTIs are usually localized to 
the bladder, kidneys or prostate. The term UTI in this chapter refers to infections of the 
lower urinary tract that involve the bladder and urethra. Escherichia coli is the predominant 
uropathogen responsible for roughly 80% of all UTI cases, followed by Staphylococcus, 
Klebsiella, Enterobacter, Proteus and Enterococci species (Ronald, 2003). 
There are several approaches to the treatment and management of UTIs. Accurate 
classification of cases is the foremost and critical step in the clinical management of UTIs. 
UTIs may be primarily distinguished between the two anatomic locations of the infection, 
namely upper and lower tract infections. In majority of cases, the infection is associated with 
the lower part of the tract (Najar et al., 2009). Additionally, the infection may also be 
classified as complicated and uncomplicated based on the level of tissue involvement. 
Uncomplicated infections engross an episode of cysto-urethritis associated with bacterial 
colonization of the ureteral and bladder mucosa. Complicated infections involve 
pyelonephritis or prostitis and often occur as a result of obstruction or instrumentation in 
the tract (Huland and Busch, 1984; Najar et al., 2009). UTIs may also be classified as 
recurrent infection, reinfection or relapse (Najar et al., 2009). Reinfection is recurring 
infection due to a different microorganism that is usually drug susceptible, whereas relapse 
is a return of infection due to the same microorganism which is drug resistant. A relapse 
implies that there has been a failure to eradicate the infection (Cattell, 1973).  
Traditionally, the treatment of UTIs consists of antimicrobial therapy administered in a 
regimen appropriate to the clinical situation, freqently administered temporally either as a 
prophylactic to reduce the risk of UTI or as a therapeutic approach. Several antibiotics such 
as penicillins, sulfanilamide, nitrofurantoin and cephalexin have been used in therapy 
(Nicolle, 2002). The customary UTI treatment involves a short course of antimicrobials such 
as a 3-day regimen of trimethorpim-sulfamethoxazole combination (Nickel, 2005a). This 
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classification of cases is the foremost and critical step in the clinical management of UTIs. 
UTIs may be primarily distinguished between the two anatomic locations of the infection, 
namely upper and lower tract infections. In majority of cases, the infection is associated with 
the lower part of the tract (Najar et al., 2009). Additionally, the infection may also be 
classified as complicated and uncomplicated based on the level of tissue involvement. 
Uncomplicated infections engross an episode of cysto-urethritis associated with bacterial 
colonization of the ureteral and bladder mucosa. Complicated infections involve 
pyelonephritis or prostitis and often occur as a result of obstruction or instrumentation in 
the tract (Huland and Busch, 1984; Najar et al., 2009). UTIs may also be classified as 
recurrent infection, reinfection or relapse (Najar et al., 2009). Reinfection is recurring 
infection due to a different microorganism that is usually drug susceptible, whereas relapse 
is a return of infection due to the same microorganism which is drug resistant. A relapse 
implies that there has been a failure to eradicate the infection (Cattell, 1973).  
Traditionally, the treatment of UTIs consists of antimicrobial therapy administered in a 
regimen appropriate to the clinical situation, freqently administered temporally either as a 
prophylactic to reduce the risk of UTI or as a therapeutic approach. Several antibiotics such 
as penicillins, sulfanilamide, nitrofurantoin and cephalexin have been used in therapy 
(Nicolle, 2002). The customary UTI treatment involves a short course of antimicrobials such 
as a 3-day regimen of trimethorpim-sulfamethoxazole combination (Nickel, 2005a). This 
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initial therapy is based on knowledge of the predominant pathogens and their antimicrobial 
susceptibility (Perez-Lopez et al., 2009). Besides the therapeutic approach, preventive 
treatment with antibiotics are also administered to susceptible populations, including the 
elderly, children and women with recurrent UTIs. However, one major drawback to the use 
of antibiotics is the potential for development of antibiotic resistance among uropathogens 
(Head et al., 2008). The increasing prevalence of antibiotic resistant bacteria, escalating costs 
of antibiotic therapy and unsatisfactory therapeutic alternatives in recurrent UTIs have 
stimulated an interest in novel, non-antibiotic based methods for preventing and controlling 
UTIs (Vaughan, 2007; Smith et al., 2006).  

2. Alternative treatment options 
UTIs have been a common illness in humans long before bacteria were recognized as the 
causative agents. Initial therapy for UTIs was primarily the use of herbal treatments to 
ameliorate urinary symptoms, as recorded in the Ebers papyrus from ancient Egypt (Nickel, 
2005b).  The early 19th century provided detailed descriptions of UTIs with treatment that 
included hospitalization, bed rest, attention to diet, plastics, narcotics, herbal enemas, 
douches and surgery for stones, abscess and retention (Nickel, 2005b). However, with the 
advent of modern medicine, the use of select antibacterial agents and antibiotics for the 
treatment of UTIs was put into practice. Although the effectiveness of antibiotics was 
validated in clinical practice, the continued use of select agents in the prophylaxis and 
therapy of UTIs led to the emergence of antibiotic resistant uropathogens (Nickel, 2005c). 
This triggered an interest in the application of alternative, non-antibiotic approaches for 
preventing and controlling UTIs. This chapter discusses the various alternative approaches 
that are currently available and are being evaluated to control UTIs. These include the use of 
plant derived antimicrobials, probiotics, and vaccines targeting  specific proteins in 
uropathogens. 

2.1 Plant derived antimicrobials 
Historically, plants have served as a basis for development of novel drugs, thereby 
contributing to human health and well-being. A variety of plant-derived polyphenols serve 
as dietary constituents as well as active components in a number of herbal and traditional 
medicines (Wollenweber, 1988).  In excess of 5000 plant polyphenols have been identified, 
and several of them exhibit a wide spectrum of biological effects, including anti-
inflammatory, antimicrobial, and anti-carcinogenic properties (Beretz et al., 1978).  Several 
of them have been also used in the treatment and control of UTIs. These include cranberry, 
blueberry, berberine, bearberry, cinnamon and other herbs. Since several plant 
antimicrobials contain different functional groups in their structure, their antimicrobial 
activity is attributed to multiple mechanisms (Burt, 2004). Therefore, unlike antibiotics, the 
potential for bacteria to develop resistance to plant antimicrobials is relatively smaller 
(Ohno et al., 2003).  

2.1.1 Vaccinium macrocarpon (Cranberry) 
A significant body of literature exists on the positive effects of dietary intake of berry fruits 
on human health, performance and disease (Seeram, 2008). The ripe fruit of the cranberry is 
the part of the plant that is most commonly used for medicinal purposes. Cranberries are 
composed of 80-88% water and approximately 10% carbohydrates. Flavanoids, 
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anthocyanins, catechin, triterpenoids, organic acids and ascorbic acid are the other 
constituents that make up the rest of the 10% (Siciliano, 1996; Raz et al., 2004). Cranberry 
products such as the juice and tablets have been used as an alternative medicine to prevent 
UTIs in humans for decades.  
Clinical and epidemiological studies support the use of cranberry in maintaining a healthy 
urinary tract (Perez-Lopez et al., 2009). The first controlled clinical trial demonstrating the 
use of cranberry juice in reducing the presence of bacteria in urine was conducted by Avorn 
and others (1994). This study included 192 participants, where baseline urine samples, 
followed by monthly samples were collected over a six month period, during which 
participants regularly consumed 300 ml of cranberry juice daily. The results of this study 
revealed that bacteriuria and pyuria occurred in 28% of the placebo group in comparison to 
only 14% in the cranberry juice group.  Following this initial study, there have been several 
other investigations that demonstrated the antimicrobial property of cranberries against 
uropathogens. Although several studies have tested the antimicrobial effect of cranberries 
against multiple uropathogens, it was found to be most effective against uropathogenic E. 
coli (UPEC). 
Di Martino et al (2005) investigated the effect of cranberry juice on UPEC biofilm population 
in a small group of human subjects. Similarly, Bailey et al (2007) conducted a study in 
women with recurrent UTI to evaluate the effects of a daily dose of concentrated cranberry 
extracts for a period of 12 weeks. In another study conducted by Bohbot (2007), a 
comparison was made between the use of proanthocyanidins (PAC) and cranberry total 
components. The results of the study demonstrated that components other than PAC also 
contribute to the UTI preventive effect of cranberries.  
No definitive mechanism of action has been identified to explain the antimicrobial effect of 
cranberries against uropathogens. The initial hypothesis suggested that cranberry acidity 
produces the antibacterial effect in the body, but it was later disproved (Blatherwick and 
Long, 1923). Cranberries exert anti-adhesive effects on certain uropathogens (Ohnishi et al., 
2006) and this effect is specific to certain components of cranberry (Ofek et al., 1991). 
Cranberries contain three different flavonoids (flavonols, anthocyanins and PAC), catechins, 
hydroxycinnamic and other phenolic acids and triterpenoids. The anthocyanins are 
absorbed in the human circulatory system and transported without any chemical change to 
the urine (Perez-Lopez et al., 2009). Cranberry products do not inhibit bacterial growth, but 
inhibit bacterial adherence to uroepithelial cells, thereby reducing the development of UTI. 
The anti-adhesive effects of p-fimbriated UPEC to uroepithelial cells are related to A-linked 
PAC as compared with lack of anti-adhesion activities of B-linked PAC from grape, apple 
juice, green tea and chocolate (Howell et al., 2005). The A-type PAC in cranberries enhance 
the anti-adhesive effects in vitro and in urine. PAC binds to lipopolysaccharide in gram 
negative bacteria. When E. coli was grown in the presence of cranberry components, the 
bacterial morphology changed to a more spherical cell-like form. These changes cause them 
to be repelled by the human cells (Liu et al., 2006).  
Lavigne et al (2008) investigated the effect of cranberry capsules on bacterial adherence to 
urinary tract. Participants who consumed cranberry capsules showed a significant dose-
dependent reduction in bacterial adherence to urinary epithelial cells compared to placebo. 
Another potential mechanism of action of cranberry against UPEC is the non-enzymatic 
generation of nitric oxide under mildly acidic conditions (MacMiking et al., 1997). Nitric 
oxide possesses potent antimicrobial activities that are both time and dose-dependent. 
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initial therapy is based on knowledge of the predominant pathogens and their antimicrobial 
susceptibility (Perez-Lopez et al., 2009). Besides the therapeutic approach, preventive 
treatment with antibiotics are also administered to susceptible populations, including the 
elderly, children and women with recurrent UTIs. However, one major drawback to the use 
of antibiotics is the potential for development of antibiotic resistance among uropathogens 
(Head et al., 2008). The increasing prevalence of antibiotic resistant bacteria, escalating costs 
of antibiotic therapy and unsatisfactory therapeutic alternatives in recurrent UTIs have 
stimulated an interest in novel, non-antibiotic based methods for preventing and controlling 
UTIs (Vaughan, 2007; Smith et al., 2006).  

2. Alternative treatment options 
UTIs have been a common illness in humans long before bacteria were recognized as the 
causative agents. Initial therapy for UTIs was primarily the use of herbal treatments to 
ameliorate urinary symptoms, as recorded in the Ebers papyrus from ancient Egypt (Nickel, 
2005b).  The early 19th century provided detailed descriptions of UTIs with treatment that 
included hospitalization, bed rest, attention to diet, plastics, narcotics, herbal enemas, 
douches and surgery for stones, abscess and retention (Nickel, 2005b). However, with the 
advent of modern medicine, the use of select antibacterial agents and antibiotics for the 
treatment of UTIs was put into practice. Although the effectiveness of antibiotics was 
validated in clinical practice, the continued use of select agents in the prophylaxis and 
therapy of UTIs led to the emergence of antibiotic resistant uropathogens (Nickel, 2005c). 
This triggered an interest in the application of alternative, non-antibiotic approaches for 
preventing and controlling UTIs. This chapter discusses the various alternative approaches 
that are currently available and are being evaluated to control UTIs. These include the use of 
plant derived antimicrobials, probiotics, and vaccines targeting  specific proteins in 
uropathogens. 

2.1 Plant derived antimicrobials 
Historically, plants have served as a basis for development of novel drugs, thereby 
contributing to human health and well-being. A variety of plant-derived polyphenols serve 
as dietary constituents as well as active components in a number of herbal and traditional 
medicines (Wollenweber, 1988).  In excess of 5000 plant polyphenols have been identified, 
and several of them exhibit a wide spectrum of biological effects, including anti-
inflammatory, antimicrobial, and anti-carcinogenic properties (Beretz et al., 1978).  Several 
of them have been also used in the treatment and control of UTIs. These include cranberry, 
blueberry, berberine, bearberry, cinnamon and other herbs. Since several plant 
antimicrobials contain different functional groups in their structure, their antimicrobial 
activity is attributed to multiple mechanisms (Burt, 2004). Therefore, unlike antibiotics, the 
potential for bacteria to develop resistance to plant antimicrobials is relatively smaller 
(Ohno et al., 2003).  

2.1.1 Vaccinium macrocarpon (Cranberry) 
A significant body of literature exists on the positive effects of dietary intake of berry fruits 
on human health, performance and disease (Seeram, 2008). The ripe fruit of the cranberry is 
the part of the plant that is most commonly used for medicinal purposes. Cranberries are 
composed of 80-88% water and approximately 10% carbohydrates. Flavanoids, 
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anthocyanins, catechin, triterpenoids, organic acids and ascorbic acid are the other 
constituents that make up the rest of the 10% (Siciliano, 1996; Raz et al., 2004). Cranberry 
products such as the juice and tablets have been used as an alternative medicine to prevent 
UTIs in humans for decades.  
Clinical and epidemiological studies support the use of cranberry in maintaining a healthy 
urinary tract (Perez-Lopez et al., 2009). The first controlled clinical trial demonstrating the 
use of cranberry juice in reducing the presence of bacteria in urine was conducted by Avorn 
and others (1994). This study included 192 participants, where baseline urine samples, 
followed by monthly samples were collected over a six month period, during which 
participants regularly consumed 300 ml of cranberry juice daily. The results of this study 
revealed that bacteriuria and pyuria occurred in 28% of the placebo group in comparison to 
only 14% in the cranberry juice group.  Following this initial study, there have been several 
other investigations that demonstrated the antimicrobial property of cranberries against 
uropathogens. Although several studies have tested the antimicrobial effect of cranberries 
against multiple uropathogens, it was found to be most effective against uropathogenic E. 
coli (UPEC). 
Di Martino et al (2005) investigated the effect of cranberry juice on UPEC biofilm population 
in a small group of human subjects. Similarly, Bailey et al (2007) conducted a study in 
women with recurrent UTI to evaluate the effects of a daily dose of concentrated cranberry 
extracts for a period of 12 weeks. In another study conducted by Bohbot (2007), a 
comparison was made between the use of proanthocyanidins (PAC) and cranberry total 
components. The results of the study demonstrated that components other than PAC also 
contribute to the UTI preventive effect of cranberries.  
No definitive mechanism of action has been identified to explain the antimicrobial effect of 
cranberries against uropathogens. The initial hypothesis suggested that cranberry acidity 
produces the antibacterial effect in the body, but it was later disproved (Blatherwick and 
Long, 1923). Cranberries exert anti-adhesive effects on certain uropathogens (Ohnishi et al., 
2006) and this effect is specific to certain components of cranberry (Ofek et al., 1991). 
Cranberries contain three different flavonoids (flavonols, anthocyanins and PAC), catechins, 
hydroxycinnamic and other phenolic acids and triterpenoids. The anthocyanins are 
absorbed in the human circulatory system and transported without any chemical change to 
the urine (Perez-Lopez et al., 2009). Cranberry products do not inhibit bacterial growth, but 
inhibit bacterial adherence to uroepithelial cells, thereby reducing the development of UTI. 
The anti-adhesive effects of p-fimbriated UPEC to uroepithelial cells are related to A-linked 
PAC as compared with lack of anti-adhesion activities of B-linked PAC from grape, apple 
juice, green tea and chocolate (Howell et al., 2005). The A-type PAC in cranberries enhance 
the anti-adhesive effects in vitro and in urine. PAC binds to lipopolysaccharide in gram 
negative bacteria. When E. coli was grown in the presence of cranberry components, the 
bacterial morphology changed to a more spherical cell-like form. These changes cause them 
to be repelled by the human cells (Liu et al., 2006).  
Lavigne et al (2008) investigated the effect of cranberry capsules on bacterial adherence to 
urinary tract. Participants who consumed cranberry capsules showed a significant dose-
dependent reduction in bacterial adherence to urinary epithelial cells compared to placebo. 
Another potential mechanism of action of cranberry against UPEC is the non-enzymatic 
generation of nitric oxide under mildly acidic conditions (MacMiking et al., 1997). Nitric 
oxide possesses potent antimicrobial activities that are both time and dose-dependent. 
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Although, cranberry has demonstrated potential against UTIs, dose administration 
recommendations of cranberry products have been poorly defined (Perez-Lopez et al., 2009). 
Available products include sweetened cranberry juice (OceanSpray®), which is 25% pure 
juice. Recommended doses vary from 4 to 32 oz/day. Recommended doses of the dried 
concentrated juice range from 600 to greater than 1200 mg/day (Ross, 2006; Lynch, 2004).  
Cranberry has undergone extensive evaluation in the management of UTIs. Currently, there 
is no evidence that cranberry can be used to treat UTIs. Hence, the focus has been on its use 
as a prophylactic agent in the prevention of UTIs (Guay, 2009). The consumption of 
cranberry juice can help to prevent the adhesion of UPEC to the uroepithelium and thereby 
help reduce the incidence of UTIs. With rising concerns of antibiotic resistance among 
UPEC, cranberry could serve as an effective alternative in controlling UTIs. 

2.1.2 Vaccinium myrtillus (Bilberry; Blueberry) 
Blueberry extracts possess constituents similar to that found in cranberry extracts. Although 
extensive studies have not been performed on the antimicrobial effects of blueberry extracts, 
evidence indicates that blueberry extracts possess similar anti-adhesive effects against 
uropathogenic bacteria (Head, 2008). When compared to other fruit extracts such as guava, 
mango, orange, grapefruit or pineapple, blueberry constituents were reported to bind to the 
same uroepithelial cells where bacteria attach (Ofek et al., 1991; 1996). These studies 
demonstrated that the constituents in blueberry extracts like those in cranberry inhibited 
UPEC from adhering to the uroepithelial cells using the mannose-resistant adhesins. 
Similarly, Weiss et al (2002), compared the effect of cranberry, mango, melon, peach, plum 
and raspberry extracts on the ability of oral bacteria to aggregate and colonize the oral 
mucosa. It was found that only members of the Vaccinium genus were able to inhibit the 
bacterial aggregation. Cranberry extract was found to be most effective followed by   
blueberry, thus suggesting that blueberry may also serve as an alternative to the use of 
antibiotics in preventing UTIs. 

2.1.3 Berberine 
Berberine is an alkaloid present in many plants, including Hydrastis canadensis (goldenseal), 
Coptis chinensis (Coptis or goldenthread), Berberis aquifolium (Oregon grape), Berberis vulgaris 
(barberry) and Berberis aristata (tree turmeric). Berberine is present in the root, rhizome, and 
stem bark of the plants. Berberine extracts have been shown to be effective against a variety 
of organisms, including bacteria, viruses, fungi, protozoans, helminthes and Chlamydia 
(Head, 2008). Research using berberine demonstrated its inhibitory effect on the growth of 
several bacterial pathogens such as  Staphylococcus aureus, Pseudomonas aeruginosa, , E. coli, 
and Bacillus subtilis (Cernakova and Kostalova, 2002). Supporting this finding, another study 
revealed that alkaloids from Hydrastis sp. possessed antibacterial activity against E. coli, S. 
aureus and P. aeruginosa (Scazzocchio et al., 2001). The antimicrobial effect of the ingredient 
alkaloids in the order of potency was  berberine > coptisine > palmatine (Yan et al., 2008). 
Although the mechanisms behind antimicrobial property of berbine is not completely 
understood,  it was reported to target the FtsZ protein involved in the first stage of bacterial 
cell division (Domadia et al., 2008). 
In controlling UTIs, the antibacterial effect of berberine was attributed to its ability to inhibit 
bacterial adhesion to uroepithelial cells. Sun et al (1988a) demonstrated that growth of 
clinical isolates of E. coli in the presence of berberine sulfate completely inhibited fimbrial 
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synthesis. Likewise, berberine sulfate was found to inhibit the capacity of Streptococcus 
pyogenes to adhere to host cells (Sun et al., 1988b). Since E. coli infection in the urinary tract 
has been attributed to the  migration of the pathogen from the gut, a reduction of E. coli load 
in the gut can indirectly reduce UTIs (Rabbani et al., 1987). In this context, berberine has 
been demonstrated to reduce E. coli induced diarrhea in human and animal subjects through 
its anti-secretory effects, thereby reducing the likelihood of bacterial migration into the 
urinary tract (Sach and Froehlich, 1982).  

2.1.4 Arctostaphylos uva ursi (Bearberry) 
This is another fruit commonly used for its antimicrobial property in controlling  UTIs 
(Head, 2008). The active antimicrobial ingredient in bearberry is an aglycone hydroquinone 
which is released in alkaline urine (Uva ursi, 2004). A study conducted by Schindler et al 
(2002) involving human subjects who consumed a dried leaf extract of uva ursi showed that  
64.8% of arbutin consumed in tablet form and 66.7% of arbutin ingested in aqueous solution 
were released in the urine. This significant level of the fruit extract in urine was attributed to 
its antimicrobial effect. Frohne (1970) and Kedzia et al (1975) conducted clinical studies with 
human subjects in which urine from patients given extracts of uva ursi or isolated arbutin 
was evaluated. The urine from the treatment group demonstrated significant antimicrobial 
activity against E. coli, P. mirabilis, P. aeruginosa, S. aureus and 70 other urinary bacteria. 
Frohne (1970) also demonstrated that the crude extract of uva ursi was more effective 
against bacteria than  arbutin by itself. The one and only clinical study to investigate the 
effect of uva ursi in controlling UTIs was conducted by Larsson et al (1993). This study 
involved 57 women with chronic UTIs who were assigned to uva ursi extract or placebo for 
a period of one month and subsequently followed for a year. A statistically significant 
reduction in the incidence of UTIs was noted in the treatment group when compared to that 
in the placebo group, thereby demonstrating its efficacy as an antimicrobial against UTIs.  
The antimicrobial activity of uva ursi was attributed to its ability to change microbial cell 
surface characteristics. Supporting this, a study by Turi et al (1997) demonstrated that 
growth of clinical isolates of E. coli in the presence of uva ursi extracts increased the 
microbial cell surface hydrophobicity, thereby decreasing their ability to adhere to host cells. 
Additionally, uva ursi has diuretic and anti-inflammatory effects that indirectly aid in its 
use as an antimicrobial to control UTIs (Beaux et al., 1999; Kubo et al., 1990). 

2.1.5 Trans-cinnamaldehyde 
Trans-cinnamaldehyde (TC) is a major component of the bark extract of cinnamon (Adams 
et al., 2004). It is a generally recognized as safe (GRAS) molecule approved for use in foods 
by the Food and Drug Administration (FDA). The U. S. Flavoring Extract Manufacturers’ 
Association reported that TC has a wide margin of safety between conservative estimates of 
intake and no observed adverse effect levels, from sub-chronic and chronic studies (Adams 
et al., 2004). The report also indicated no genotoxic or mutagenic effects due to TC. The 
antibacterial activity of TC against Clostridium botulinum (Bowles and Miller, 1993), S. aureus 
(Bowles et al., 1995), E. coli O157:H7 and Salmonella Typhimurium (Helander et al., 1998) has 
been previously reported. Although, cinnamon or cinnamon oil has been used for ages in 
the treatment of UTIs,  no scientific study was undertaken to investigate its antimicrobial 
efficacy against uropathogens.  Amalaradjou et al (2010) were the first to demonstrate the 
ability of trans-cinnamaldehyde to inactivate and inhibit UPEC biofilm formation on urinary 
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Although, cranberry has demonstrated potential against UTIs, dose administration 
recommendations of cranberry products have been poorly defined (Perez-Lopez et al., 2009). 
Available products include sweetened cranberry juice (OceanSpray®), which is 25% pure 
juice. Recommended doses vary from 4 to 32 oz/day. Recommended doses of the dried 
concentrated juice range from 600 to greater than 1200 mg/day (Ross, 2006; Lynch, 2004).  
Cranberry has undergone extensive evaluation in the management of UTIs. Currently, there 
is no evidence that cranberry can be used to treat UTIs. Hence, the focus has been on its use 
as a prophylactic agent in the prevention of UTIs (Guay, 2009). The consumption of 
cranberry juice can help to prevent the adhesion of UPEC to the uroepithelium and thereby 
help reduce the incidence of UTIs. With rising concerns of antibiotic resistance among 
UPEC, cranberry could serve as an effective alternative in controlling UTIs. 

2.1.2 Vaccinium myrtillus (Bilberry; Blueberry) 
Blueberry extracts possess constituents similar to that found in cranberry extracts. Although 
extensive studies have not been performed on the antimicrobial effects of blueberry extracts, 
evidence indicates that blueberry extracts possess similar anti-adhesive effects against 
uropathogenic bacteria (Head, 2008). When compared to other fruit extracts such as guava, 
mango, orange, grapefruit or pineapple, blueberry constituents were reported to bind to the 
same uroepithelial cells where bacteria attach (Ofek et al., 1991; 1996). These studies 
demonstrated that the constituents in blueberry extracts like those in cranberry inhibited 
UPEC from adhering to the uroepithelial cells using the mannose-resistant adhesins. 
Similarly, Weiss et al (2002), compared the effect of cranberry, mango, melon, peach, plum 
and raspberry extracts on the ability of oral bacteria to aggregate and colonize the oral 
mucosa. It was found that only members of the Vaccinium genus were able to inhibit the 
bacterial aggregation. Cranberry extract was found to be most effective followed by   
blueberry, thus suggesting that blueberry may also serve as an alternative to the use of 
antibiotics in preventing UTIs. 

2.1.3 Berberine 
Berberine is an alkaloid present in many plants, including Hydrastis canadensis (goldenseal), 
Coptis chinensis (Coptis or goldenthread), Berberis aquifolium (Oregon grape), Berberis vulgaris 
(barberry) and Berberis aristata (tree turmeric). Berberine is present in the root, rhizome, and 
stem bark of the plants. Berberine extracts have been shown to be effective against a variety 
of organisms, including bacteria, viruses, fungi, protozoans, helminthes and Chlamydia 
(Head, 2008). Research using berberine demonstrated its inhibitory effect on the growth of 
several bacterial pathogens such as  Staphylococcus aureus, Pseudomonas aeruginosa, , E. coli, 
and Bacillus subtilis (Cernakova and Kostalova, 2002). Supporting this finding, another study 
revealed that alkaloids from Hydrastis sp. possessed antibacterial activity against E. coli, S. 
aureus and P. aeruginosa (Scazzocchio et al., 2001). The antimicrobial effect of the ingredient 
alkaloids in the order of potency was  berberine > coptisine > palmatine (Yan et al., 2008). 
Although the mechanisms behind antimicrobial property of berbine is not completely 
understood,  it was reported to target the FtsZ protein involved in the first stage of bacterial 
cell division (Domadia et al., 2008). 
In controlling UTIs, the antibacterial effect of berberine was attributed to its ability to inhibit 
bacterial adhesion to uroepithelial cells. Sun et al (1988a) demonstrated that growth of 
clinical isolates of E. coli in the presence of berberine sulfate completely inhibited fimbrial 
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synthesis. Likewise, berberine sulfate was found to inhibit the capacity of Streptococcus 
pyogenes to adhere to host cells (Sun et al., 1988b). Since E. coli infection in the urinary tract 
has been attributed to the  migration of the pathogen from the gut, a reduction of E. coli load 
in the gut can indirectly reduce UTIs (Rabbani et al., 1987). In this context, berberine has 
been demonstrated to reduce E. coli induced diarrhea in human and animal subjects through 
its anti-secretory effects, thereby reducing the likelihood of bacterial migration into the 
urinary tract (Sach and Froehlich, 1982).  

2.1.4 Arctostaphylos uva ursi (Bearberry) 
This is another fruit commonly used for its antimicrobial property in controlling  UTIs 
(Head, 2008). The active antimicrobial ingredient in bearberry is an aglycone hydroquinone 
which is released in alkaline urine (Uva ursi, 2004). A study conducted by Schindler et al 
(2002) involving human subjects who consumed a dried leaf extract of uva ursi showed that  
64.8% of arbutin consumed in tablet form and 66.7% of arbutin ingested in aqueous solution 
were released in the urine. This significant level of the fruit extract in urine was attributed to 
its antimicrobial effect. Frohne (1970) and Kedzia et al (1975) conducted clinical studies with 
human subjects in which urine from patients given extracts of uva ursi or isolated arbutin 
was evaluated. The urine from the treatment group demonstrated significant antimicrobial 
activity against E. coli, P. mirabilis, P. aeruginosa, S. aureus and 70 other urinary bacteria. 
Frohne (1970) also demonstrated that the crude extract of uva ursi was more effective 
against bacteria than  arbutin by itself. The one and only clinical study to investigate the 
effect of uva ursi in controlling UTIs was conducted by Larsson et al (1993). This study 
involved 57 women with chronic UTIs who were assigned to uva ursi extract or placebo for 
a period of one month and subsequently followed for a year. A statistically significant 
reduction in the incidence of UTIs was noted in the treatment group when compared to that 
in the placebo group, thereby demonstrating its efficacy as an antimicrobial against UTIs.  
The antimicrobial activity of uva ursi was attributed to its ability to change microbial cell 
surface characteristics. Supporting this, a study by Turi et al (1997) demonstrated that 
growth of clinical isolates of E. coli in the presence of uva ursi extracts increased the 
microbial cell surface hydrophobicity, thereby decreasing their ability to adhere to host cells. 
Additionally, uva ursi has diuretic and anti-inflammatory effects that indirectly aid in its 
use as an antimicrobial to control UTIs (Beaux et al., 1999; Kubo et al., 1990). 

2.1.5 Trans-cinnamaldehyde 
Trans-cinnamaldehyde (TC) is a major component of the bark extract of cinnamon (Adams 
et al., 2004). It is a generally recognized as safe (GRAS) molecule approved for use in foods 
by the Food and Drug Administration (FDA). The U. S. Flavoring Extract Manufacturers’ 
Association reported that TC has a wide margin of safety between conservative estimates of 
intake and no observed adverse effect levels, from sub-chronic and chronic studies (Adams 
et al., 2004). The report also indicated no genotoxic or mutagenic effects due to TC. The 
antibacterial activity of TC against Clostridium botulinum (Bowles and Miller, 1993), S. aureus 
(Bowles et al., 1995), E. coli O157:H7 and Salmonella Typhimurium (Helander et al., 1998) has 
been previously reported. Although, cinnamon or cinnamon oil has been used for ages in 
the treatment of UTIs,  no scientific study was undertaken to investigate its antimicrobial 
efficacy against uropathogens.  Amalaradjou et al (2010) were the first to demonstrate the 
ability of trans-cinnamaldehyde to inactivate and inhibit UPEC biofilm formation on urinary 
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catheters. A follow up study conducted by the same group (Amalaradjou et al., 2011) 
indicated that trans-cinnamaldehyde inhibited the adhesion and invasion of uroepithelial 
cells by UPEC by downregulating major virulence genes in the pathogen. These results 
indicate the potential use of trans-cinnamaldehyde as an antimicrobial for controlling UTIs.  
The antimicrobial effect of TC could be attributed to multiple mechanisms. A critical 
property of essential oils or their components, including TC is their hydrophobicity, which 
helps them to target the lipid-containing bacterial cell membrane and mitochondria 
(Sikkema et al., 1994). This makes these membranes more permeable, leading to leakage of 
ions and other cell contents. In addition to the effect on cell membranes, TC is also believed 
to kill bacteria by inhibiting energy generation and glucose uptake (Gill and Holey, 2006). 
Yet another mechanism by which cinnamon oil and its components kill microorganisms is 
by their inhibitory effect on enzymes such as amino acid decarboxylases (Wendakoon and 
Sakaguchi, 1995). It is also known that plant essential oils and their components, including 
that from cinnamon are capable of inhibiting the production of virulence factors, and 
modulating bacterial pathogenesis (Smith-Palmer et al., 2002). For example, Smith-Palmer 
and coworkers (2004) reported that sub-inhibitory concentrations of oils of cinnamon, bay, 
clove and thyme significantly decreased the production of enterotoxin A and α-toxin, two 
virulence factors in S aureus. The authors concluded that since the essentials oils did not 
directly inactivate or prevent export of α-toxin from the cells, their inhibitory activity could 
be at the transcriptional or translational level. Similarly, low concentrations of 
cinnamaldehyde were reported to inhibit quorum sensing (QS) or cell-density dependent 
regulation of gene expression in E. coli and biofilm synthesis in Vibrio spp. without 
inhibiting bacterial growth (Brackman et al., 2008). Amalaradjou et al (2011) demonstrated 
that  trans-cinnamaldehyde reduced the expression of several virulence genes essential for 
UPEC motility, host cell attachment and invasion. Thus, the ability of trans-cinnamaldehyde 
to inhibit bacteria  through multipronged mechanisms makes it a potential candidate for use 
as an antimicrobial agent for  controlling UTIs. 

2.1.6 Other herbs 
Essential oil extracted from Salvia officinalis (Garden sage; common sage) has been shown to 
be inhibitory against several uropathogens obtained from the urine samples of individuals 
with UTIs. Sage oil completely inhibited several pathogens, including Klebsiella, Enterobacter 
species, E. coli , Proteus mirabilis and Morganella morganii  (Pereira et al., 2004). Barosma 
betulina (bachu) is another herb which has been used in the treatment of urinary tract 
infection, catarrhal cystitis and urethritis for a long time (Barnes et al., 2007). In vitro studies 
have demonstrated its antimicrobial effect against uropathogens (Mills and Bone, 2000). In 
addition to its antimicrobial effect,  bachu also has diuretic properties (Simpson, 1998).  
Several other herbs that are used for the treatment of UTIs but lack scientific basis include 
Agrimonia eupatoria (agrimony), Althea officinalis (marshmallow), Apium graveolens (celery 
seed), Arctium lappa (burdock), Elymus repens (couchgrass), Hydrangea aborescens 
(hydrangea), Juniperus communis (juniper), Mentha piperita (peppermint), Taraxacum officinalis 
leaf (dandelion), Ulmus fulva (slippery elm) and Zea mays (corn silk). 

2.2 Dietary interventions 
Besides the use of antimicrobials, several nutrients have been used in the management, 
prevention and treatment of UTIs. These include vitamins, salts, and sugars. 
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2.2.1 Vitamins  
Ochoa et al (2007) investigated the efficacy of vitamin C for its effect on UTIs in pregnant 
women. The study consisted of 110 pregnant women who were divided into two groups. 
One group received a dose of 100 mg vitamin C daily while the other group was used as a 
control for a period of three months. Urine sample was collected from the subjects and 
evaluated for presence of uropathogens. The results  of this study revealed that the vitamin 
C  group had a significantly lower incidence of UTIs than the control group. Similarly, the 
use  of vitamin A in the management of UTIs in children was evaluated by Yilmaz et al 
(2007).  This study tested 24 children, 12 in the vitamin A group who received 200,000 IU of 
vitamin A, in addition to antimicrobial therapy for 10 days and 12 in the control group who 
just received the antimicrobial. The subjects were followed for one year and continued on 
antibiotic prophylaxis. It was observed that the children in the vitamin A group had a 
significantly lower incidence of UTIs than the control group.  

2.2.2 Citrate salts 
The purpose behind the use of citrate salts in the management of UTIs is to alkalinize the 
urine, since alkaline urine can provide significant benefit for UTI symptoms such as dysuria. 
In a study conducted by Spooner (1984), it was shown that intake of sodium citrate in 
women with UTI for a period of 48 hours significantly improved symptoms in 80 percent of 
the subjects with bacteriuria. In addition to improving symptoms like dysuria, alkalinity in 
the urine aids to provide an effective environment for certain antimicrobials such as uva ursi 
and berberine to function (Head, 2008). Potassium and sodium citrate have also been found 
to be effective against urinary candidiasis, a mold infection associated with the presence of 
indwelling catheters. Strassner and Friesen (1995), in a clinical study with hospitalized 
patients, demonstrated that oral intake of potassium-sodium-hydrogen-citrate for a period 
of two days to one month resulted in a significant increase in urinary pH and simultaneous 
disappearance of Candida in the urine. 

2.2.3 D- mannose 
Simple sugars like D-mannose prevent adherence of bacteria to uroepithelial cells. Ofek and 
Beachey (1978) identified a mannose-specific lectin on the surface of adherent strains of E. 
coli. Mannose functions as the primary bladder cell receptor site for UPEC to bind. Likewise, 
Hung et al (2002) reported that the first step in the adhesion of UPEC to the uroepithelial 
cells is the binding of FimH adhesin to the bladder epithelium via interaction with mannose 
moieties on the host cell surface. Thus the use of mannose or mannose analogs can help to 
block adhesion of E. coli to the bladder epithelium. 
Several studies have also investigated the efficacy of alpha-glycosides of mannose and D-
mannose in controlling UTIs (Firon et al., 1987; Schaeffer et al., 1984). An in vivo study 
conducted in mouse demonstrated that D-mannose not only blocked adhesion of E. coli to 
the urinary tract epithelium, but also prevented bacterial invasion and subsequent biofilm 
formation (Wellens et al., 2008). Growth of E. coli strains isolated from women with 
recurrent UTIs in the presence of D-mannose inhibited the adherence of E. coli by 42% 
(Schaffer et al., 1984). Similarly in a study of urinary tract epithelial cells collected from 
voided urine of healthy women, use of a 2.5% solution of D-mannose, D- mannitol or alpha-
methyl-D-mannoside completely inhibited E. coli adherence to the uroepithelium. However, 
when a similar concentration of D-lyxose, D-arabinose, D-fructose and D-glyceraldehyde 
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catheters. A follow up study conducted by the same group (Amalaradjou et al., 2011) 
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(Sikkema et al., 1994). This makes these membranes more permeable, leading to leakage of 
ions and other cell contents. In addition to the effect on cell membranes, TC is also believed 
to kill bacteria by inhibiting energy generation and glucose uptake (Gill and Holey, 2006). 
Yet another mechanism by which cinnamon oil and its components kill microorganisms is 
by their inhibitory effect on enzymes such as amino acid decarboxylases (Wendakoon and 
Sakaguchi, 1995). It is also known that plant essential oils and their components, including 
that from cinnamon are capable of inhibiting the production of virulence factors, and 
modulating bacterial pathogenesis (Smith-Palmer et al., 2002). For example, Smith-Palmer 
and coworkers (2004) reported that sub-inhibitory concentrations of oils of cinnamon, bay, 
clove and thyme significantly decreased the production of enterotoxin A and α-toxin, two 
virulence factors in S aureus. The authors concluded that since the essentials oils did not 
directly inactivate or prevent export of α-toxin from the cells, their inhibitory activity could 
be at the transcriptional or translational level. Similarly, low concentrations of 
cinnamaldehyde were reported to inhibit quorum sensing (QS) or cell-density dependent 
regulation of gene expression in E. coli and biofilm synthesis in Vibrio spp. without 
inhibiting bacterial growth (Brackman et al., 2008). Amalaradjou et al (2011) demonstrated 
that  trans-cinnamaldehyde reduced the expression of several virulence genes essential for 
UPEC motility, host cell attachment and invasion. Thus, the ability of trans-cinnamaldehyde 
to inhibit bacteria  through multipronged mechanisms makes it a potential candidate for use 
as an antimicrobial agent for  controlling UTIs. 

2.1.6 Other herbs 
Essential oil extracted from Salvia officinalis (Garden sage; common sage) has been shown to 
be inhibitory against several uropathogens obtained from the urine samples of individuals 
with UTIs. Sage oil completely inhibited several pathogens, including Klebsiella, Enterobacter 
species, E. coli , Proteus mirabilis and Morganella morganii  (Pereira et al., 2004). Barosma 
betulina (bachu) is another herb which has been used in the treatment of urinary tract 
infection, catarrhal cystitis and urethritis for a long time (Barnes et al., 2007). In vitro studies 
have demonstrated its antimicrobial effect against uropathogens (Mills and Bone, 2000). In 
addition to its antimicrobial effect,  bachu also has diuretic properties (Simpson, 1998).  
Several other herbs that are used for the treatment of UTIs but lack scientific basis include 
Agrimonia eupatoria (agrimony), Althea officinalis (marshmallow), Apium graveolens (celery 
seed), Arctium lappa (burdock), Elymus repens (couchgrass), Hydrangea aborescens 
(hydrangea), Juniperus communis (juniper), Mentha piperita (peppermint), Taraxacum officinalis 
leaf (dandelion), Ulmus fulva (slippery elm) and Zea mays (corn silk). 

2.2 Dietary interventions 
Besides the use of antimicrobials, several nutrients have been used in the management, 
prevention and treatment of UTIs. These include vitamins, salts, and sugars. 
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2.2.1 Vitamins  
Ochoa et al (2007) investigated the efficacy of vitamin C for its effect on UTIs in pregnant 
women. The study consisted of 110 pregnant women who were divided into two groups. 
One group received a dose of 100 mg vitamin C daily while the other group was used as a 
control for a period of three months. Urine sample was collected from the subjects and 
evaluated for presence of uropathogens. The results  of this study revealed that the vitamin 
C  group had a significantly lower incidence of UTIs than the control group. Similarly, the 
use  of vitamin A in the management of UTIs in children was evaluated by Yilmaz et al 
(2007).  This study tested 24 children, 12 in the vitamin A group who received 200,000 IU of 
vitamin A, in addition to antimicrobial therapy for 10 days and 12 in the control group who 
just received the antimicrobial. The subjects were followed for one year and continued on 
antibiotic prophylaxis. It was observed that the children in the vitamin A group had a 
significantly lower incidence of UTIs than the control group.  

2.2.2 Citrate salts 
The purpose behind the use of citrate salts in the management of UTIs is to alkalinize the 
urine, since alkaline urine can provide significant benefit for UTI symptoms such as dysuria. 
In a study conducted by Spooner (1984), it was shown that intake of sodium citrate in 
women with UTI for a period of 48 hours significantly improved symptoms in 80 percent of 
the subjects with bacteriuria. In addition to improving symptoms like dysuria, alkalinity in 
the urine aids to provide an effective environment for certain antimicrobials such as uva ursi 
and berberine to function (Head, 2008). Potassium and sodium citrate have also been found 
to be effective against urinary candidiasis, a mold infection associated with the presence of 
indwelling catheters. Strassner and Friesen (1995), in a clinical study with hospitalized 
patients, demonstrated that oral intake of potassium-sodium-hydrogen-citrate for a period 
of two days to one month resulted in a significant increase in urinary pH and simultaneous 
disappearance of Candida in the urine. 

2.2.3 D- mannose 
Simple sugars like D-mannose prevent adherence of bacteria to uroepithelial cells. Ofek and 
Beachey (1978) identified a mannose-specific lectin on the surface of adherent strains of E. 
coli. Mannose functions as the primary bladder cell receptor site for UPEC to bind. Likewise, 
Hung et al (2002) reported that the first step in the adhesion of UPEC to the uroepithelial 
cells is the binding of FimH adhesin to the bladder epithelium via interaction with mannose 
moieties on the host cell surface. Thus the use of mannose or mannose analogs can help to 
block adhesion of E. coli to the bladder epithelium. 
Several studies have also investigated the efficacy of alpha-glycosides of mannose and D-
mannose in controlling UTIs (Firon et al., 1987; Schaeffer et al., 1984). An in vivo study 
conducted in mouse demonstrated that D-mannose not only blocked adhesion of E. coli to 
the urinary tract epithelium, but also prevented bacterial invasion and subsequent biofilm 
formation (Wellens et al., 2008). Growth of E. coli strains isolated from women with 
recurrent UTIs in the presence of D-mannose inhibited the adherence of E. coli by 42% 
(Schaffer et al., 1984). Similarly in a study of urinary tract epithelial cells collected from 
voided urine of healthy women, use of a 2.5% solution of D-mannose, D- mannitol or alpha-
methyl-D-mannoside completely inhibited E. coli adherence to the uroepithelium. However, 
when a similar concentration of D-lyxose, D-arabinose, D-fructose and D-glyceraldehyde 
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were used, only a partial inhibition of bacterial adhesion was noticed. Additionally, the use 
of lower concentrations (0.1-1.0%) of mannose, mannitol and mannoside also resulted in a 
partial inhibition of bacterial adhesion to urinary tract epithelial cells (Schaffer et al., 1980).  
In addition to the use of naturally existing mannose residues and its derivatives in the 
control of UTIs, Klein et al (2010) synthesized and evaluated the efficacy of several 
mannosides in blocking bacterial-host interaction. Among the different mannosides 
developed and evaluated using a mouse UTI model, para substituted biphenyl derivative of 
D-mannose was found to be the most effective in controlling UTIs. Following oral 
administration of this mannoside, bacterial numbers were reduced by 2 orders and 4 orders 
of magnitude in the urine and bladder, respectively. This FimH antagonist thus provides an 
alternative approach with a new class of orally available antimicrobials for effective 
treatment of UTIs. 

2.3 Probiotics 
Probiotics are live organisms which when administered in adequate amounts confer a health 
benefit on the host (FAO/WHO, 2001).  The rationale for the use of probiotics is based on 
the gastrointestinal and genitourinary regulatory role played by the commensal microflora, 
and the need for restoration of this microbial ecosystem after an imbalance or infection 
(Barrons and Tassone, 2008). For use as a probiotic in controlling UTIs, the candidate culture 
must exhibit adequate antibacterial properties. For example, an important attribute of an 
ideal probiotic culture such as lactobacilli is the ability to maintain a low pH ≤ 4.5, where the 
acidic environment provides lactobacilli a favorable environment to multiply and produce 
additional antibacterial molecules, including bacteriocin and hydrogen peroxide 
(Aroutcheva et al., 2001). In a study investigating the defense factors against infection in 22 
lactobacilli strains isolated from healthy human vaginal ecosystems, moderate to high 
production of hydrogen peroxide and bacteriocin was observed in 82% and 68% of the 
strains (Aroutcheva et al., 2001).  
Besides their ability to produce acid, hydrogen peroxide and bacteriocins, lactobacilli may 
also offer protection against UTIs through the production of biosurfactants. Biosurfactants 
inhibit growth of uropathogens by inhibiting the adhesion of these pathogens to the 
uroepithelium (Velraeds et al., 1996). A study conducted using 15 strains of lactobacilli 
showed that the strains produced varying amounts of biosurfactants providing up to 82% 
inhibition of Enterococcus fecalis adhesion to a glass surface (Velraeds et al., 1996). Moreover, 
lactobacilli co-aggregate with uropathogens to block their adhesion and/or displace 
previously adherent uropathogens from the urinary tract. This co-aggregation can create a 
microenvironment in which the inhibitory substances produced by the lactobacilli can 
concentrate on the pathogens and inhibit them (Mastromarino et al., 2002). 
Osset et al (2001) conducted an in vitro study in which the antimicrobial ability of 15 
Lactobacillus species against pathogens was investigated. Lactobacillus crispatus was found to 
be the species that demonstrated the strongest ability to block pathogen adhesion. Another 
in vitro study examined the antagonistic effect of five probiotic species against six 
pathogenic bacteria. The results revealed that a pyelonephritic E. coli strain was sensitive to 
Lactobacillus rhamnosus GG, Bifidobacterium lactis Bb 12 and Bifidobacterium longus 46 (Hutt et 
al., 2006).  
Several clinical studies have investigated the effect of probiotic suppositories for the 
prevention of UTIs. Reid et al (1992) investigated the effect of probiotic lactobacill in 
controlling infection in women with acute UTIs (Reid et al., 1995). These patients were 
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treated with antibiotics for three days and recurrence occurred in 41% of the patients. These 
individuals were randomly assigned to Lactobacillus suppositories or placebo suppositories 
twice weekly for two weeks, then once a month for the next two months. Recurrence was 21 
percent in the Lactobacillus group compared to 47% in the placebo group.  The same group 
of researchers conducted a follow-up study comparing the effects of suppositories 
containing the Lactobacillus species with suppositories containing Lactobacillus growth 
factor. The subjects were administered with either one of the suppositories once weekly for 
12 months.  At the end of the 12 months, both the groups exhibited a 73% reduction in the 
incidence of UTIs (Reid et al., 1995). 
Studies were also conducted to evaluate the efficacy of oral probiotics in controlling UTIs. In 
order for an oral probiotic to be effective, it must be able to colonize the intestinal and/or 
urogenital region. L. rhamonosus GR-1 and L. fermentum RC-14 were administered twice 
daily for 14 days and the bacterial recovery from the vaginal tissue was monitored (Reid et 
al., 2001). It was observed that the vaginal epithelium was colonized with lactobacilli within 
one week of the oral administration (Reid et al., 2001). Similarly studies in pediatric 
populations revealed that administration of L. rhamnosus GG orally for 50 days resulted in a 
reduction in UTI incidence rate compared to the placebo group (Dani et al., 2002). Taken 
together, results from these aforementioned studies suggest the potential benefit of  
probiotics in controlling UTIs.  

2.4 Hormone therapy 
In postmenopausal women, hormone waning results in thinning of the vaginal and urethral 
mucosa, disruption of the normal vaginal flora and an increased risk for UTIs (Head, 2008). 
Therefore administration of estrogen in such patients has been reported to  reduce UTIs. A 
randomized study including postmenopausal women evaluated the effect of intravaginally 
administered estriol in reducing UTIs. The results of this study showed a significant 
reduction in the incidence of UTIs compared to the placebo group. It was also observed that 
Lactobacilli that were absent in the vaginal cultures of subjects at the beginning of the trial 
reappeared in 61 percent of the estriol group (Raz and Stamm, 1993). 

2.5 Vaccines 
As with other infectious diseases, UTIs can also be controlled using vaccines. Wieser et 
al.(2010) reported that an ideal vaccine target against uropathogens should be (i) exposed on 
the bacterial surface and (ii) widely distributed among clinical isolates but not among 
commensal strains of the gut flora,  (iii) possess epitopes that are conserved across diverse 

strains, and (iv) elicit a protective immune response. Additional desirable characteristics of 
an effective vaccine target include increased expression at the site of infection and a role in 
the pathogenesis of disease (Wieser et al., 2010).  
Several studies have investigated the use of potential antigens as targets for vaccine 
development against UPEC. Initial studies for vaccine candidates consisted of single target 
protein or whole cells. Langermann et al (1997) evaluated the use of an adhesion based 
vaccine targeting the FimH protein on the surface of UPEC. Immunization with FimH 
reduced in vivo bacterial colonization of the bladder mucosa by more than 99 percent in a 
murine cystitis model, and immunoglobulin G to FimH was detected in the urinary samples 
from protected mice. Additionally, passive systemic administration of immune sera to FimH 
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were used, only a partial inhibition of bacterial adhesion was noticed. Additionally, the use 
of lower concentrations (0.1-1.0%) of mannose, mannitol and mannoside also resulted in a 
partial inhibition of bacterial adhesion to urinary tract epithelial cells (Schaffer et al., 1980).  
In addition to the use of naturally existing mannose residues and its derivatives in the 
control of UTIs, Klein et al (2010) synthesized and evaluated the efficacy of several 
mannosides in blocking bacterial-host interaction. Among the different mannosides 
developed and evaluated using a mouse UTI model, para substituted biphenyl derivative of 
D-mannose was found to be the most effective in controlling UTIs. Following oral 
administration of this mannoside, bacterial numbers were reduced by 2 orders and 4 orders 
of magnitude in the urine and bladder, respectively. This FimH antagonist thus provides an 
alternative approach with a new class of orally available antimicrobials for effective 
treatment of UTIs. 

2.3 Probiotics 
Probiotics are live organisms which when administered in adequate amounts confer a health 
benefit on the host (FAO/WHO, 2001).  The rationale for the use of probiotics is based on 
the gastrointestinal and genitourinary regulatory role played by the commensal microflora, 
and the need for restoration of this microbial ecosystem after an imbalance or infection 
(Barrons and Tassone, 2008). For use as a probiotic in controlling UTIs, the candidate culture 
must exhibit adequate antibacterial properties. For example, an important attribute of an 
ideal probiotic culture such as lactobacilli is the ability to maintain a low pH ≤ 4.5, where the 
acidic environment provides lactobacilli a favorable environment to multiply and produce 
additional antibacterial molecules, including bacteriocin and hydrogen peroxide 
(Aroutcheva et al., 2001). In a study investigating the defense factors against infection in 22 
lactobacilli strains isolated from healthy human vaginal ecosystems, moderate to high 
production of hydrogen peroxide and bacteriocin was observed in 82% and 68% of the 
strains (Aroutcheva et al., 2001).  
Besides their ability to produce acid, hydrogen peroxide and bacteriocins, lactobacilli may 
also offer protection against UTIs through the production of biosurfactants. Biosurfactants 
inhibit growth of uropathogens by inhibiting the adhesion of these pathogens to the 
uroepithelium (Velraeds et al., 1996). A study conducted using 15 strains of lactobacilli 
showed that the strains produced varying amounts of biosurfactants providing up to 82% 
inhibition of Enterococcus fecalis adhesion to a glass surface (Velraeds et al., 1996). Moreover, 
lactobacilli co-aggregate with uropathogens to block their adhesion and/or displace 
previously adherent uropathogens from the urinary tract. This co-aggregation can create a 
microenvironment in which the inhibitory substances produced by the lactobacilli can 
concentrate on the pathogens and inhibit them (Mastromarino et al., 2002). 
Osset et al (2001) conducted an in vitro study in which the antimicrobial ability of 15 
Lactobacillus species against pathogens was investigated. Lactobacillus crispatus was found to 
be the species that demonstrated the strongest ability to block pathogen adhesion. Another 
in vitro study examined the antagonistic effect of five probiotic species against six 
pathogenic bacteria. The results revealed that a pyelonephritic E. coli strain was sensitive to 
Lactobacillus rhamnosus GG, Bifidobacterium lactis Bb 12 and Bifidobacterium longus 46 (Hutt et 
al., 2006).  
Several clinical studies have investigated the effect of probiotic suppositories for the 
prevention of UTIs. Reid et al (1992) investigated the effect of probiotic lactobacill in 
controlling infection in women with acute UTIs (Reid et al., 1995). These patients were 
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treated with antibiotics for three days and recurrence occurred in 41% of the patients. These 
individuals were randomly assigned to Lactobacillus suppositories or placebo suppositories 
twice weekly for two weeks, then once a month for the next two months. Recurrence was 21 
percent in the Lactobacillus group compared to 47% in the placebo group.  The same group 
of researchers conducted a follow-up study comparing the effects of suppositories 
containing the Lactobacillus species with suppositories containing Lactobacillus growth 
factor. The subjects were administered with either one of the suppositories once weekly for 
12 months.  At the end of the 12 months, both the groups exhibited a 73% reduction in the 
incidence of UTIs (Reid et al., 1995). 
Studies were also conducted to evaluate the efficacy of oral probiotics in controlling UTIs. In 
order for an oral probiotic to be effective, it must be able to colonize the intestinal and/or 
urogenital region. L. rhamonosus GR-1 and L. fermentum RC-14 were administered twice 
daily for 14 days and the bacterial recovery from the vaginal tissue was monitored (Reid et 
al., 2001). It was observed that the vaginal epithelium was colonized with lactobacilli within 
one week of the oral administration (Reid et al., 2001). Similarly studies in pediatric 
populations revealed that administration of L. rhamnosus GG orally for 50 days resulted in a 
reduction in UTI incidence rate compared to the placebo group (Dani et al., 2002). Taken 
together, results from these aforementioned studies suggest the potential benefit of  
probiotics in controlling UTIs.  

2.4 Hormone therapy 
In postmenopausal women, hormone waning results in thinning of the vaginal and urethral 
mucosa, disruption of the normal vaginal flora and an increased risk for UTIs (Head, 2008). 
Therefore administration of estrogen in such patients has been reported to  reduce UTIs. A 
randomized study including postmenopausal women evaluated the effect of intravaginally 
administered estriol in reducing UTIs. The results of this study showed a significant 
reduction in the incidence of UTIs compared to the placebo group. It was also observed that 
Lactobacilli that were absent in the vaginal cultures of subjects at the beginning of the trial 
reappeared in 61 percent of the estriol group (Raz and Stamm, 1993). 

2.5 Vaccines 
As with other infectious diseases, UTIs can also be controlled using vaccines. Wieser et 
al.(2010) reported that an ideal vaccine target against uropathogens should be (i) exposed on 
the bacterial surface and (ii) widely distributed among clinical isolates but not among 
commensal strains of the gut flora,  (iii) possess epitopes that are conserved across diverse 

strains, and (iv) elicit a protective immune response. Additional desirable characteristics of 
an effective vaccine target include increased expression at the site of infection and a role in 
the pathogenesis of disease (Wieser et al., 2010).  
Several studies have investigated the use of potential antigens as targets for vaccine 
development against UPEC. Initial studies for vaccine candidates consisted of single target 
protein or whole cells. Langermann et al (1997) evaluated the use of an adhesion based 
vaccine targeting the FimH protein on the surface of UPEC. Immunization with FimH 
reduced in vivo bacterial colonization of the bladder mucosa by more than 99 percent in a 
murine cystitis model, and immunoglobulin G to FimH was detected in the urinary samples 
from protected mice. Additionally, passive systemic administration of immune sera to FimH 
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also resulted in reduced bladder colonization by UPEC. A similar study by Li et al (2004) 
developed an intranasal vaccine against Proteus mirabilis infections in the urinary tract. The 
mice were vaccinated with formalin-killed bacteria or purified mannose-resistant Proteus-
like fimbriae (MR/P), a surface antigen expressed by P. mirabilis during UTI. Four different 
routes of administration, including subcutaneous, intradermal, intranasal and trans urethral 
were evaluated in this study, where intranasal administration of MR/P elicited the most 
protective immune response against P. mirabilis UTI. 
Alteri et al (2009) investigated the use of six novel vaccine candidates against UPEC. These 
candidates were indentified using bioinformatics, functional genomics, transcriptomic and 
proteomic analyses. All the six proteins  belonged to the class of outer membrane iron 
receptors that are upregulated in an iron restricted environment. Intranasal administration 
of these antigens in mice elicited both systemic and mucosal immune responses that 
included the production of antigen-specific IgM, IgG and IgA antibodies, cytokine responses 
and protection against UTI in the mouse model (Alteri et al., 2009). A similar study was also 
conducted by Wieser et al (2010), where they evaluated the use of a subunit vaccine against 
extra intestinal E. coli. Using a novel approach of computer-aided design, two completely 
artificial genes were created, both encoding eight peptide domains derived from these extra 
intestinal E. coli proteins. In mice, the vaccine was highly immunogenic, eliciting both strong 
humoral and cellular immune responses. Nasal application of the vaccine resulted in high 
secretory immunoglobulin A (sIgA) production, which was detectable on the mucosal 
surface of the urogenital tract. Finally, it bestowed protection, as shown by a significant 
reduction of bacterial load in a mouse model of extra intestinal E. coli peritonitis.  
Besides the use of immunogenic antigens as vaccines, immunotherapy for UTIs can also be 
accomplished using immunomodulants. A study carried by Krcmery et al (2010) 
investigated the efficacy of two immunomodulatory agents (Urovaxom and luivac) for the 
management of recurrent UTIs in women over a 12 month period. The results indicated that 
a combined treatment using immunotherapy and chemoprophylaxis significantly reduced 
the occurrences of UTI relapses in these women.  

3. Conclusion 
Infections of the genitourinary tract are common occurrences in individuals especially in 
young women, during pregnancy and in post menopausal women. The conventional use of 
antibiotics in the prevention and treatment of acute and chronic recurring infections 
contribute to gut and vaginal dysbiosis and bacterial antibiotic resistance. In an attempt to 
control the increasing trends in infections with antibiotic resistant uropathogens, there is a 
renewed interest in the use of non-antibiotic based intervention strategies against UTIs. 
Several studies have investigated the use of natural substances in the prevention and 
treatment of UTIs. Nutrients and botanicals such as cranberry, berberine, cinnamaldehyde, 
probiotics and vaccines have demonstrated the greatest effectiveness. While most clinical 
research has evaluated the antimicrobial potential of these natural substances, their 
mechanism of action and the clinical experience of health care practitioners are critical for 
evaluating  their effectiveness (Head, 2008). Use of these alternatives in the control of UTIs 
would help to circumvent dysbiosis and microbial drug resistance induced by the repeated 
use of antibiotics. 
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also resulted in reduced bladder colonization by UPEC. A similar study by Li et al (2004) 
developed an intranasal vaccine against Proteus mirabilis infections in the urinary tract. The 
mice were vaccinated with formalin-killed bacteria or purified mannose-resistant Proteus-
like fimbriae (MR/P), a surface antigen expressed by P. mirabilis during UTI. Four different 
routes of administration, including subcutaneous, intradermal, intranasal and trans urethral 
were evaluated in this study, where intranasal administration of MR/P elicited the most 
protective immune response against P. mirabilis UTI. 
Alteri et al (2009) investigated the use of six novel vaccine candidates against UPEC. These 
candidates were indentified using bioinformatics, functional genomics, transcriptomic and 
proteomic analyses. All the six proteins  belonged to the class of outer membrane iron 
receptors that are upregulated in an iron restricted environment. Intranasal administration 
of these antigens in mice elicited both systemic and mucosal immune responses that 
included the production of antigen-specific IgM, IgG and IgA antibodies, cytokine responses 
and protection against UTI in the mouse model (Alteri et al., 2009). A similar study was also 
conducted by Wieser et al (2010), where they evaluated the use of a subunit vaccine against 
extra intestinal E. coli. Using a novel approach of computer-aided design, two completely 
artificial genes were created, both encoding eight peptide domains derived from these extra 
intestinal E. coli proteins. In mice, the vaccine was highly immunogenic, eliciting both strong 
humoral and cellular immune responses. Nasal application of the vaccine resulted in high 
secretory immunoglobulin A (sIgA) production, which was detectable on the mucosal 
surface of the urogenital tract. Finally, it bestowed protection, as shown by a significant 
reduction of bacterial load in a mouse model of extra intestinal E. coli peritonitis.  
Besides the use of immunogenic antigens as vaccines, immunotherapy for UTIs can also be 
accomplished using immunomodulants. A study carried by Krcmery et al (2010) 
investigated the efficacy of two immunomodulatory agents (Urovaxom and luivac) for the 
management of recurrent UTIs in women over a 12 month period. The results indicated that 
a combined treatment using immunotherapy and chemoprophylaxis significantly reduced 
the occurrences of UTI relapses in these women.  

3. Conclusion 
Infections of the genitourinary tract are common occurrences in individuals especially in 
young women, during pregnancy and in post menopausal women. The conventional use of 
antibiotics in the prevention and treatment of acute and chronic recurring infections 
contribute to gut and vaginal dysbiosis and bacterial antibiotic resistance. In an attempt to 
control the increasing trends in infections with antibiotic resistant uropathogens, there is a 
renewed interest in the use of non-antibiotic based intervention strategies against UTIs. 
Several studies have investigated the use of natural substances in the prevention and 
treatment of UTIs. Nutrients and botanicals such as cranberry, berberine, cinnamaldehyde, 
probiotics and vaccines have demonstrated the greatest effectiveness. While most clinical 
research has evaluated the antimicrobial potential of these natural substances, their 
mechanism of action and the clinical experience of health care practitioners are critical for 
evaluating  their effectiveness (Head, 2008). Use of these alternatives in the control of UTIs 
would help to circumvent dysbiosis and microbial drug resistance induced by the repeated 
use of antibiotics. 
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1. Introduction 
Lactic acid bacteria (LAB) constitute a group of Gram-positive nonsporing nonrespiring 
bacteria, cocci or rods, that produce lactic acid as the major end product during the 
fermentation of carbohydrates. The term LAB is associated with bacteria involved in food 
fermentation and bacteria normally associated with the mucosal surfaces of human and 
animals. The classification of lactic acid bacteria into different genera is based on 
morphology, mode of glucose fermentation, growth at different temperatures, configuration 
of the lactic acid produced, ability to grow at high salt concentrations, and acid or alkaline 
tolerance (Pascual, 2004). 
Bacteria belonging to the genus Lactobacillus are considered to be the main LAB and the 
predominant microorganisms in the gastrointestinal and urogenital tracts of humans as well 
as homeotermic animals. They are also used for elaborating different fermented foods 
categorized as GRAS (generally considered as safe).  
Although there are data on simultaneous colonization of the human vagina by two different 
species of Lactobacillus, which can be homofermentative, heterofermentative or a 
combination of both (Kaewsrichan et al., 2006; Pascual et al, 2006), only one species has been 
isolated from the vaginal tract. Also, there are evidences of their effectivity in the prevention 
of urogenital infections (Pascual, 2004; Axelsson, 2004). 
The urogenital microbiota of a healthy woman comprises approximately 50 species of 
organisms, witch differ in composition according to reproductive stages and exposure to 
several factors, including antibiotics and spermicides (Pascual, 2004).   
In the complex vaginal environment, bacteria of the lactobacilli group (107–108 CFU g-1 of 
vaginal fluid) are the dominant microorganisms in healthy pre-menopausal women, and 
play an important protective role by limiting growth of pathogenic microorganisms. When 
lactobacilli are reduced, eliminated, or replaced by pathogenic species, the host has an 
increased susceptibility to urinary tract infections (UTIs), genital tract infections (GTIs), 
bacterial vaginosis (BV), vulvovaginal candidiasis (VVC), and infection by Neisseria 
gonorrhoeae or Trichomonas vaginalis. Worldwide studies of UTIs or GTIs have revealed 
increasing antibiotic resistance among pathogenic microorganisms. Our research group has 
isolated human vaginal lactobacilli, selecting those with beneficial or probiotic properties 
(Czaja et al., 2007).  
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Urogenital infections are a major reason for women to visit their family’s physician and are 
generally derived to gastroenterology, gynecology, urology, and infectious diseases 
specialists. The association between abnormal vaginal microbiota and increased risk for 
sexually transmitted infections, bladder and vaginal infections, and a higher rate of preterm 
labor indicate the need to better understand and manage urogenital health (Reid et al., 
2004). Urogenital infections, defined here to include those that affect the bladder, kidneys, 
vagina, urethra, periurethra, and cervix, constitute a worldwide problem (Roos et al., 2006). 
The majority of UTI's occur in sexually active women (Howes et al., 2008). Risk increases by 
3-5 times when diaphragms are used for contraception. Risk also slightly increases with not 
voiding after sexual intercourse and use of spermicides such as nonoxynol-9, which have 
been shown to be toxic to lactobacilli.  Depletion of disturbances of vaginal lactobacilli biota 
has been associated with establishment of opportunistic infections like BV (bacterial 
vaginosis) and an increased risk of acquiring type 1 HIV. Nonoxynol-9 is the active 
compound in many spermicidal formulas. It is a nonionic detergent that reduces the 
superficial tension of the human spermatozoon membrane, causing loss of motility, decrease 
of its glucolytic power and alteration in permeability. It also affects the lipidic content of the 
human spermatozoon membrane. Nonoxynol-9 is generally used at concentrations of 5% in 
creams. It is possible that the presence of N-9 affects the ecological balance of the vagina 
through the inhibition of protective lactobacilli, especially those that produce H2O2.  
Nonoxynol-9 is a spermicide that has antimicrobial activity. Some studies have shown that 
lactobacilli present resistance or sensitivity to this compound (Pascual et al., 2006). 
 Increased risk has not been demonstrated with oral contraceptives, not voiding before 
intercourse, non-cotton underwear, and use of condoms. The prevalence and incidence of 
urinary tract infection is higher in women than in men, which is likely the result of several 
clinical factors including anatomic differences, hormonal effects, and behavior patterns 
(Standiford et al., 2005). 
Historical data indicate that the vast majority of urinary tract infections (UTI) in a suburban, 
nonhospitalized community is caused by Escherichia coli, followed by other Enterobacteriaciae 
and Staphylococcus saprophyticus. The most frequent bacterial cause of UTI in adult women is 
Escherichia coli, which is part of the normal gut microbiota. This organism accounts for 
approximately 85% of community-acquired UTIs and 50% of hospital acquired UTIs (Talan 
et al., 2008). 
However, a recent study reported that by infections E. coli were less common and that 
Enterococcus faecalis was the second most prevalent uropathogen. The latter result was also 
found in hospitalized patients. UTI affect millions of women each year, with an annual 
societal cost of billions of dollars. More than one quarter of women with a UTI will have a 
recurrent infection within six months. There are few established options for prevention of 
UTI other than the use of prophylactic antibiotics. Most uncomplicated UTI cases are 
resolved within 1 to 7 d of antibiotic therapy (Talan et al., 2008). However, drug resistance to 
commonly used antibiotics (eg, trimethoprim/sulfamethoxazole) is increasing among 
uropathogens and patients are experimenting more and more with alternative natural 
medicines, which appear to contain antiadhesive compounds that are active against 
uropathogens and can help prevent UTI (Pascual, 2004). The phenological characteristics of 
the lactobacilli strains including adhesive ability and production of acids, bacteriocins, 
hydrogen peroxide, and biosurfactants appear to be important in conferring protection to 
the host. Therefore, effective nonantibiotic methods of prevention are needed. One potential 
alternative may bee probiotic lactobacilli (Reid et al., 2005; Pascual et al, 2008a). The 
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rationale for the use of probiotics is based on the genitourinary regulatory role played by the 
commensal microbiota and the need for restoration of this microbial ecosystem after insult. 
Health care providers who are interested in the therapeutic potential of probiotics require 
evidence of efficacy from randomized controlled assays, including data on successful local 
colonization and strain-specific outcomes, and information on product integrity and 
stability. This article reviews available information on the efficacy and tolerability of 
probiotics in the treatment and prophylaxis of bacterial vaginosis (BV) and the prophylaxis 
of UTI (Barrons and Tassone, 2008). 
The administration of lactobacilli does not produce adverse effects in the urogenital tract; 
thus, it effectively prevents urinary tract infections. Several clinical assays have 
demonstrated that certain Lactobacillus species can be given orally or vaginally with 
resulting colonization of the vagina, reduction in vaginal coliform counts, and even 
reduction in UTI recurrence (Reid et al.,2004).  

2. Probiotics 
2.1 The history of probiotics  
The first observation of the positive role of some bacteria can be credited to the work of 
Metchinkoff (1908); who reported on the potential health benefits of probiotics after he 
observed that Bulgarian peasants that consumed fermented milk products showed long, 
healthy lives (Sanders, 1999; Senok et al., 2005). At the same time Henry Tissier (1906), a 
French pediatrician, observed that children with diarrhea had in their stools a low number 
of bacteria characterized by a peculiar morphology. These bacteria were, on the contrary, 
abundant in healthy children. He suggested that these bacteria could be administered to 
patients with diarrhea to help restore a healthy gut biota (WHO/ FAO, 2006).  
The application of ‘‘health promoting’’ bacteria for therapeutic purposes has a long tradition 
in medicine; however, this so-called ‘‘bacteriotherapy’’ has long been considered to be a 
nonstandard procedure whose efcacy has not yet been proved or is at most based on 
observation but not on clinical studies (Suvarna and Body; 2005). The successful 
introduction of probiotics to the market has helped and inspired research in this area to a 
huge extent. In recent years, there has been a great increase in the number of clinical studies 
in which the prevention, alleviation, or therapy of diseases has been scientically 
investigated not only to nd evidence for a health claim for a target group of ‘‘healthy 
consumers’’ but also to test the medicinal (preventive and therapeutic) application of 
probiotics (Reid et al., 2006). 
The term “Probiotic” derives from the Greek meaning “for life”. It was first introduced in 
1965 by Lilly and Stillwell for describing substances secreted by one organism which 
stimulate the growth of another (Reid et al., 2003). In 1974, Parker referred to “Probiotic” as 
organisms and substances which contribute to the intestinal microbial balance. However, 
this term was subsequently redefined by Fuller (1989) as a live microbial feed supplement 
which beneficially affects the host animal by improving its intestinal microbial balance 
(Desai, A., 2008). This definition was broadened by Havenaar and Huis in’t Veld (1992) to a 
mono or mixed culture of live microorganisms which benefits man or animals by improving 
the properties of the indigenous microbiota (Klaenhammer, 2000; Ranadheera et al., 2010).  
At present is dened, by FAO/OMS, as “Live microorganisms which, when administered in 
adequate amounts, confer a health benet on the host” (WHO / FAO, 2001).  In a healthy 
host, a balance exists between members of the microbiota, such that potential pathogenic 
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and non-pathogenic microorganisms can be found in apparent harmony. During infection, 
this balance can become disturbed, leading to often dramatic changes in the composition of 
the microbiota. The most important genus of Gram positive bacteria used extensively as 
probiotics are Lactobacillus and Bifidobacterium  (Table 1).  
 

Lactobacillus spp. Bifidobacterium spp.  Others 
L. acidophilus 
L. rhamnosus 
L. gasseri 
L. casei 
L. reuteri 
L. delbrueckii subsp. 
bulgaricus 
L. crispatus 
L. plantarum 
L. salivarus 
L. johnsonii 
L. gallinarum 
L.plantarum 
L. fermentum 
L. helveticus 
L. paracasei 
L. lactis 

B. bifidum 
B. breve 
B. infantis 
B. longum 
B. lactis 
B. adolescentis 
B.essensis                         
B.laterosporum 

Enterococcus faecalis 
E. faecium 
Streptococcus salivarus subsp. 
thermophilus 
S. termophilus 
Lactococcus lactis subsp. lactis 
L. lactis subsp. cremoris 
Propionibacterium freudenreichii 
Pediococcus acidilactici 
Leuconostoc mesenteroides 

Table 1. Microorganisms applied as probiotics. Ranadheera et al., 2010 and Gupta and Garg, 2009. 

More than 20 years ago, the production of substances that inhibited pathogen growth on 
agar plates or the ability to reduce adherence of pathogens in vitro defined a probiotic (Chan 
et al., 1985). Now, the bar has been raised significantly higher, and use of the term 
‘probiotic’ needs bacteria to be properly speciated, shown in appropriate formulations to be 
safe and effective at conferring health benefits on mammalian hosts, and manufactured and 
sold in a way that accurately reflects what benefits a consumer can obtain (Reid, 2005; 
Corcionivoschi et al., 2010). Sadly, governments and industry have not yet taken these 
requirements to heart, and whereas many so-called probiotic products are available, 
relatively few true probiotic products exist (Table 2). 

2.2 Mechanisms of action 
Mechanisms by which probiotics exert healthy effects are incompletely understood. Some 
authors include competitive inhibition with pathogenic bacteria, effects on barrier function, 
antagonism through the production of antimicrobial substances (acids, hydrogen peroxide 
and bacteriocins) and modulation of the immune system (Cabana et al., 2006; Almeghaiseeb, 
2007). These mechanisms vary according to the specific strain or combination of strains 
used, the presence of prebiotics [a non-digestible food ingredient which beneficially affects 
the host by selectively stimulating the growth and/or activity of one or a limited number of 
bacteria in the colon having the potential to improve host health (Gupta and Garg, 2009)] 
and the condition that is being treated the patient (Devine and Marsh, 2009). 
Probiotics microorganisms compete with pathogens for nutrients and physical space (Fuller, 
1991; Johannsen,  2003).  
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Table 2. Criteria for selection of probiotic strains. Adapted from Klahenhammer (2007). 

Some bacteria can inhibit and prevent the colonization by pathogenic microorganisms by 
means of a mechanism of steric obstruction or blocking of specific receptors (Amores et al., 
2004).  LGG and L. plantarum have been shown to competitively inhibit the attachment of 
enteropathogenic E. coli 0157H7 to HT-29 human colonic cancer cells (Michail et al., 1997; 
Alvarez-Olmos and Oberhelman. 2001). 
The effect of probiotics may be classified in three modes of action: (i) Probiotics have a direct 
effect on other microorganisms, commensal and/or pathogenic ones. This principle is in 
many cases of importance for the prevention and therapy of infections and restoration of the 
microbial equilibrium. (ii) Probiotics also might be able to modulate the host’s defenses 
including the innate as well as the acquired immune system. This mode of action is most 
likely important for the prevention and therapy of infectious diseases but also for the 
treatment of chronic inflammation. (iii) Probiotic effects may be based on actions affecting 
microbial products like toxins, host products e.g.bile salts and food ingredients 
(Oeslschaeger, 2010). 

3. Probiotics: effects on other microorganisms  
3.1 Production of antimicrobial compounds  
Lactobacilli produce a variety of compounds that are inhibitory to both Gram-positive and 
Gram-negative bacteria. These inhibitory substances include organic acids, bacteriocins, 
hydrogen peroxide and biosurfactants (Rolfe, 2000).  
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and non-pathogenic microorganisms can be found in apparent harmony. During infection, 
this balance can become disturbed, leading to often dramatic changes in the composition of 
the microbiota. The most important genus of Gram positive bacteria used extensively as 
probiotics are Lactobacillus and Bifidobacterium  (Table 1).  
 

Lactobacillus spp. Bifidobacterium spp.  Others 
L. acidophilus 
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L. reuteri 
L. delbrueckii subsp. 
bulgaricus 
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L. salivarus 
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L. fermentum 
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L. paracasei 
L. lactis 

B. bifidum 
B. breve 
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B.essensis                         
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Enterococcus faecalis 
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Streptococcus salivarus subsp. 
thermophilus 
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L. lactis subsp. cremoris 
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Table 1. Microorganisms applied as probiotics. Ranadheera et al., 2010 and Gupta and Garg, 2009. 

More than 20 years ago, the production of substances that inhibited pathogen growth on 
agar plates or the ability to reduce adherence of pathogens in vitro defined a probiotic (Chan 
et al., 1985). Now, the bar has been raised significantly higher, and use of the term 
‘probiotic’ needs bacteria to be properly speciated, shown in appropriate formulations to be 
safe and effective at conferring health benefits on mammalian hosts, and manufactured and 
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Corcionivoschi et al., 2010). Sadly, governments and industry have not yet taken these 
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3.1.1 Organic acids 
Lactic and acetic acids are the main products of carbohydrates fermentation by LAB. These 
acids diffuse through the membrane of the target organisms, in their hydrophobic 
undissociated form. Inside of the bacterial cytoplasm they are exposed to a pH value near to 
neutrality; subsequently, they dissociate (anion and H+), reduce cytoplasmic pH and reduce 
metabolic activities (Kotikalapudi, 2009; Dalié et al., 2010). This lower cytoplasmic pH 
inhibits glycolysis, prevents active transport and interferes with signal transduction. 
Furthermore, the anionic part of the acid cannot diffuse freely through the cell wall and 
accumulates inside the bacterial cell. Accumulation of anions leads to internal osmotic 
disorders for the bacteria (Kotikalapudi, 2009). 
Among the antimicrobial compounds synthesized by the two human lactobacilli strains 
used in our work, L. fermentum L23 and L. rhamnosus L60, we have only researched the 
antimicrobial activity attributed to the bacteriocins and not necessarily to H202 and lactic 
acid production. In previous reports, our group has shown the probiotic properties and the 
production of metabolites with biological activity against a wide spectrum of other 
microorganisms of these lactobacilli strains (Pascual et al., 2008a; Ruiz et al., 2009). 
Juarez Tomás et al. (2003) tested the antimicrobial activity of lactobacilli strains in vitro 
(Lactobacillus brevis CRL 1335 and L. acidophilus strains CRL 1259, CRL 1307, CRL 1320 and 
CRL 1324). They found that these strains were able to inhibit the growth of E. coli, S. aureus, 
S. agalactiae, E. faecalis, Klebsiella sp., N. gonorrhoeae and G. vaginalis. Inhibition was shown to 
be produced by the low pH of the lactobacilli supernatants, as it disappeared when the 
supernatants were neutralized. 

3.2 Bacteriocins 
Bacteriocins are antimicrobial substances of protein nature, some of which may contain an 
associated lipid or carbohydrate, that inhibit growth of related or unrelated bacterial species 
and are potentially useful for prevention or treatment of bacterial infectious diseases ( Riley 
and Chavan, 2007; Pascual et al., 2008b). 
Bacteriocins produced by lactic acid bacteria are divided into five classes based on primary 
structure, molecular mass, heat stability, and molecular organization : class I, lantibiotics; 
class II, nonlantibiotic peptides (subclass IIa, pediocin-like bacteriocins with strong 
antilisterial activity; subclass Ilb, bacteriocins whose activity depends on complementary 
action of two peptides; subclass Ilc, secdependent secreted bacteriocins); class III, large, heat 
labile protein bacteriocins; class IV, bacteriocins consisting of an undefined mixture of 
protein(s), lipid(s), and carbohydrate(s); and class V, bacteriocins with circular, unmodified 
posttransductional structure (including AS-48, gasericine A, enterocin) (Kemperman et al., 
2003; Gutiérrez Merino J, 2005). 
Lactobacilli bacteriocins are of interest because of their potential application for inhibition of 
pathogenic bacteria that affect humans. Two Lactobacillus strains from human vagina, L. 
fermentum L23 and L. rhamnosus L60, were previously identified and characterized as 
probiotics and producers of bacteriocins.  
In a study carried out by our research group (Pascual et al. 2008a,b), we described the 
isolation, purification, and partial characterization of bacteriocins from L. fermentum L23 
and L. rhamnosus L60. The inhibitory spectrum of these strains was quite broad, including 
Gram-negative and Gram-positive pathogenic strains and Candida species. To evaluate the 
proteinaceous nature of the antibacterial substances, the effect of proteolytic enzymes 
(trypsin, protease VI) was tested. Incubation of samples for 1 h at 37 ºC with these 
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enzymes completely inhibited the antibacterial activity. The bacteriocin produced by L. 
fermentum strain L23 was sensitive to several proteases, indicating that the inhibitory 
material was proteinaceous. Catalase and urease had no effect on its activity. Bacteriocin 
activity was most stable at acid or neutral pH. At alkaline pH, the bacteriocin became 
progressively inactivated. The partially purified bacteriocin was further purified by 
chromatography gel filtration (Sephadex G25). The sample was concentrated by 
evaporation and diluted in a small volume of phosphate buffer at pH 6.5. Fractions of 2.0 
ml were collected, and their activity towards the indicator strain was tested. Fractions F15, 
F16, F17, and F18 displayed inhibitory activity against E. coli. They were pooled and 
concentrated. 
The fraction collected after C18 reversed-phase HPLC exhibited activity against the 
indicator strain E. coli. The corresponding elution profile from reversed-phase HPLC, 
recorded at 220 nm, revealed one peak collected in the fraction eluted at 30 min. When an 
aliquot of the 30-min fraction was subjected to agar well diffusion assay, a zone of inhibition 
was produced in the agar. The fractions with antibacterial activity (F15, F16, F17, F18) 
obtained by chromatography assays were analyzed by TLC on silica gel plates.  
The bacteriocin L23 produced by L. fermentum strain 23 showed a wide inhibitory spectrum, 
including some lactobacilli. A noteworthy observation was the inhibition of the pathogenic 
Gram-negative bacteria E. coli, Proteus vulgaris, P. mirabilis, Klebsiella pneumoniae, and 
Neisseria gonorrhoeae. In general, bacteriocins from lactic acid bacteria are active only 
towards Gram-positive bacteria. A wide inhibitory spectrum, as observed here for L. 
fermentum and L. rhamnosus L60, seems to be common among bacteriocin-producing isolates 
from the genus Lactobacillus (group III). Bacteriocin L23 did not show inhibitory activity 
against species of vaginal microbiota, including lactobacilli. Strain L23 secretes an 
antibacterial substance other than lactic acid, which is heat stable and only moderately 
sensitive to enzyme treatment. Several characteristics of the component responsible for the 
antibacterial activity suggest that it contains an unusual acidic amino acid present in a novel 
peptidic agent (Ruiz et al., 2009). 

3.1.3 Interactions of bacteriocins 
Also, the interactions between pairs of bacteriocins that inhibit the growth of urogenital 
pathogens were studied. To evaluate types of interaction between L23 and L60 bacteriocins, 
207 isolates were considered. Synergistic interaction between these two bacteriocins was 
found in 68.6% of the cases (Fig. 1). Interactions were interpreted based on the shape of the 
inhibition zone, as follows: (1) lack of interaction (indifference) is indicated by growth at a 
right angle; (2) a synergistic effect results in concave growth between the two inhibition 
zones; (3) an antagonistic effect results in a junction in which growth covers the angle 
formed by the inhibition zones. A synergistic effect was observed with inhibition zones > 
2mm compared with each antimicrobial activity of L60 or L23. Bacteriocin interactions were 
also determined using the checkerboard assay as previously described by Petersen et al. 
(2006). The initial concentrations of bacteriocins used in this experiment were at least the 
double of that of MIC. Serial dilutions of bacteriocins of L23 and L60 along the ordinate and 
abscissa were made, respectively, in MRS broth. The fractional inhibitory concentration 
(FIC) indexes (ΣFICs) were calculated as follows: ΣFIC= FIC A + FIC B, where FIC A is the 
MIC of A in the combination/MIC of A alone, and FIC B is the MIC B in the combination / 
MIC of B alone. The FIC was interpreted as follows: synergy, FIC≤0.5; indifference, 
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0.5<FIC<2; antagonism >2. There was neither an indifferent nor an antagonistic interaction 
between the substances evaluated either by qualitative or semi-quantitative method. 
 

 
Fig. 1. Synergistic interaction between bacteriocins from L23 and L60 strains against E. 
cloacae 

 

 
Table 3. Percentage of interactions between bacteriocins produced by Lactobacillus fermentum 
strain L23 and Lactobacillus rhamnosus strain L60. 

Sensitive species that showed synergistic interaction in 100% of cases were: A. baumanii, P. 
aeruginosa, S. epidermidis, S. aureus, S. agalactiae, E. faecalis, P. vulgaris, and N. gonorrhoeae. 
Smaller percentages of synergistic interactions were found for E. cloacae, K. oxytoca, S. 
saprophyticus, K. pneumoniae, C. freundii, and  S. marcescens. Indifferent interaction between 
L23 and L60 bacteriocins was found in 31.4% of the total cases. In addition, the highest 
percentages of indifferent interaction were observed for P. mirabilis and E. coli. Antagonistic 
interaction between L23 and L60 bacteriocins was not observed (Table 3). 

 
Prevention Strategy of Urogenital Infections by Using Lactobacilli with Probiotic Properties 

 

253 

Mulet-Powell et al. (1998) were the first to describe interactions between bacteriocins from 
lactic acid bacteria 
(LAB). Here, we report rates of inhibitory activity and interactions between two bacteriocins 
produced by two potential probiotics from lactobacilli of human vagina. Mulet-Powell et al. 
showed antagonistic interaction between LAB bacteriocins, whereas we found no 
antagonistic interaction between L23 and L60 from cell-free supernatants (Ruiz et al., 2009). 

3.1.4 Hydrogen peroxide 
Hydrogen peroxide (H2O2) is produced by most LAB in the presence of oxygen. LAB are 
unable to produce catalase; therefore, they can not degrade hydrogen peroxide that, after 
accumulation, develops its oxidative properties with the production of powerful oxidants 
such as singlet oxygen, superoxide radicals, and the hydroxyl radical. Reactive oxygen 
species can cause irreversible damage to a number of cell components such as enzymes, 
membrane constituents and DNA (Schurman, 2001; Dalié et al., 2010). 
H2O2 is produced by many Lactobacillus strains in different amounts. There are techniques 
for measuring these compounds. In a qualitative method that was carried out by 
Eschenbach et al. (1989), a LAB strain was plated onto MRS agar containing 5 mg 3,3’,5,5’-
tetramethylbenzidine (TMB) and 0,2 mg horseradish peroxidase (HRPO). Peroxidase 
generates O2 from H2O2 and TMB dyes the colonies with a blue color when oxidation occurs 
in the presence of O2 (Pascual et al., 2008a). Pick and Mizel’s phenol red solution method 
was used for testing H2O2 production by macrophages. This quatitative method is modified 
when working with BAL strains. A 50 µl aliquot of centrifuged microorganisms is placed 
onto a 96-well plate. Then,  50 ml of reagent 1 (2 ml of phenol red, 2 ml of HRPO, 46 ml 
DPBS buffer and 10 ml 1N sodium hydroxide) is added. H2O2 was measured indirectly by 
the 600nm absorbance of phenol red (Strus et al., 2005). As was described in previous studies 
by our group, a number of cultured lactobacilli generate hydrogen peroxide at inhibitory 
levels on many pathogenic genitourinary microorganisms. Production of H2O2 by the 
Lactobacillus species is considered to represent a nonspecific antimicrobial defense 
mechanism of the normal vaginal ecosystem. Eschenbach et al. (1989) detected 96% H2O2-
producing (LB+) strains. In the present study, we found 62% LB+ and 38% non- H2O2-
producing strains (LB-). Species with the largest number of LB+ strains were L. acidophilus 
and L. fermentum.  

3.1.5 Biosurfactants 
Biosurfactants are microbial amphiphilic polymers and polyphilic polymers that tend to 
interact with the boundary between two phases in a heterogeneous system, defined as the 
interface (Rivardo et al., 2009; Gudin et al., 2010). They comprise a wide range of chemical 
structures, such as glycolipids, lipopeptides, polysaccharide–protein complexes, 
phospholipids, fatty acids and neutral lipids. Several biosurfactants exhibit antibacterial, 
antifungal and antiviral activities (Gudin et al., 2010). These molecules alter surface 
hydrophobicity and therefore inhibit the adhesion of pathogenic microorganisms to 
infection sites. The release of biosurfactants by probiotic bacteria in vivo can be considered as 
a defence mechanism against other colonizing strains in the urogenital tract (Rodrigues et 
al., 2006; Gudin et al., 2010). Reid and Bruce (2001c) found that L. fermentum RC-14 produces 
large amounts of biosurfactants. These compounds inhibit the adhesion of a broad spectrum 
of urogenital pathogens. 
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3.2 Immune modulation  
Recent studies have clarified the importance of the immunoregulatory ability of probiotics 
for exertion of their preventive and therapeutic effects on several diseases. The epithelial 
barrier consists of a dense mucous layer containing secretory IgA and antimicrobial 
peptides as well as dynamic functional complexes that regulate permeability between cells 
(Ohland and MacNaughton, 2010). When barrier function is interrupted due to several 
factors such as chronic psychological stress, epithelial ion secretion and permeability is 
enhanced, binding of luminal bacteria to surface epithelia increases, the uptake of luminal 
antigens through follicle associated epithelium increases and mucosal inflammation  
initiates (Zareie et al., 2006). There is evidence that consumption of probiotic strains can 
improves the integrity of the intestinal barrier and the upregulation of mucin production 
(Devine and Marsh, 2009).  
Stimulation and modulation of the mucosal immune system by probiotics  reduces 
production of pro-inflammatory cytokines through activity on NFkB pathways, increase in 
production of anti-inflammatory cytokines, such as IL-10 and host defence peptides such as 
b-defensin 2, enhancement in IgA defences and influence on dendritic cell maturation 
(Devine and Marsh, 2009). It has also been shown that probiotics are able to regulate 
linfocite cell proliferation in vitro, as well as the production of specific and nonspecific 
antibodies (Amores et al., 2004). 
The immune system is roughly divided into the acquired immune system, consisting mainly 
of B lymphocytes and sensitized T lymphocytes, and the innate immune system, consisting 
mainly of macrophages and NK cells. The ratio of involvement of the systems varies 
depending on conditions of infection such as species of microorganisms and the amount and 
site of infection. Mouse studies have clarified that direct activation of macrophages by 
probiotics increased the bactericidal effect of macrophages on pathogenic bacteria. 
Probiotics strains have also been reported to promote proliferation of phagocytes such as 
macrophages and neutrophils in the bone marrow and spleen (hematopoietic tissues). Thus, 
activation of the innate immune system may be important in the infection preventing effect 
of probiotics. However, probiotics are also able to protect the integrity of the mucosal barrier 
against the destructive action of pathogenic microorganisms (Oelschlaeger T, 2010).  

3.3 Probiotic effects on microbial toxins 
One of the most important groups of bacterial virulence factors are toxins. The effectiveness 
of certain probiotics in suppressing diarrhoea is most likely based on their ability to protect 
the host against toxins. This protection can result from inhibition of toxin expression in 
pathogens. Certain probiotics are even able to protect against cyanobacterial and fungal 
toxins. The basis of the observed protective effect is rather a physicochemical interaction 
between toxin and a probiotic than a metabolic inactivation (Musa et al., 2009; Oelschlaeger, 
2010). This mechanism of action of probiotics is not considered in this chapter. 

4. Benefical properties of probiotics 
Lactobacilli are able to interfere with genitourinary pathogens by several mechanisms. 
Other functions of lactobacilli include competitive exclusion of pathogens from the cell 
surface, co-aggregation with certain pathogenic bacteria, adherence to epithelial cells and 
biofilm formation based on autoaggregation and surface hydrophobicity (Dunne et al., 
2001). Previous studies indicated that autoaggregation of probiotic strains is necessary for 
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adherence to vaginal epithelial cells, and that co-aggregation leads to formation of a barrier 
that prevents colonization by pathogens (Boris et al., 1998; Zhou et al., 2004). These are some 
of the desired characteristics by which specific vaginal lactobacilli strains were selected as 
potential probiotic agents.  

4.1 Autoaggregation assay  
The aggregation ability could be described as the clumping of cells of the same strain, 
known as autoaggregation or self-aggregation (Nikolic et al., 2010). 
In a study performed by our research group, autoaggregation was described as the ability to 
form aggregates within 2 min. (Andreu et al., 1995). Necessary characteristics for 
Lactobacillus strains to serve as effective prophylactic agents include avid adherence to 
vaginal epithelial cells, interference with the adherence of other bacteria, production of 
bacteriocins, and production of hydrogen peroxide capable of inhibiting the growth of 
pathogens (Zhou et al., 2004). 

4.2 Surface hydrophobicity  
The surface hydrophobicity of lactobacilli was studied by the salt-aggregation test (SAT). 
The lowest final concentration of ammonium sulfate causing the bacteria to aggregate was 
defined as the SAT value. Strains were classified into three groups: high surface 
hydrophobicity (SAT< 0.9 mol/L), intermediate hydrophobicity (SAT 0.9-1.5 mol/L), and 
hydrophilic (SAT> 1.5 mol/L) (Andreu et al., 1995). Two lactobacilli strains studied by our 
group showed high hydrophobicity. Thus, we conclude that hydrophobicity is an important 
mechanism in bacterial adherence. 

4.3 Co-aggregation assays 
Co-aggregation of probiotic bacterial strains has been suggested to enable them to form a 
physical-chemical barrier that prevents colonization by pathogenic bacteria. Lactobacilli 
have been found to co-aggregate with some uropathogenic bacteria and inhibit their growth. 
A co-aggregation assay is positive when lactobacilli produce aggregates with other strain 
(Reid et al., 1990). Lactobacillus fermentum L23 and L. rhamnosus L60 showed co-aggregation 
with E. coli, G. vaginalis, and Candida albicans, but not with C. glabrata (Pascual et al., 2008a). 
Such co-aggregation could be an important factor in maintaining vaginal health because it 
produces an area around the pathogen where the concentration of antimicrobial substances 
produced by these lactobacilli is increased. This would constitute an important host defense 
mechanism against infection (Kotikalapudi, 2009; Taheri et al., 2009). 

4.4 Bacterial adherence  
The ability to adhere to epithelial surfaces is considered an indispensable pre-requisite of 
probiotic strains in order to colonise and then to exert health promoting effects. Bacterial 
adhesion is initially based on non-specific physical interactions between two surfaces (like 
hydrophobic interaction), which then enable specific interactions between adhesins (usually 
proteins) and complementary receptors (Kos et al., 2003; Canzi et al., 2005). To identify 
bacterial traits related to adhesion ability, potential probiotics strains could be assayed for 
adherence to cell lines or more frequently, to individual epithelial cells isolated from tissue 
surfaces by mechanical scraping, brushing or by freezing followed by a rapid thawing 
(Sillanpää, 2001). Some microorganisms are able to bind to epithelial cells of the 
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of probiotics. However, probiotics are also able to protect the integrity of the mucosal barrier 
against the destructive action of pathogenic microorganisms (Oelschlaeger T, 2010).  
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One of the most important groups of bacterial virulence factors are toxins. The effectiveness 
of certain probiotics in suppressing diarrhoea is most likely based on their ability to protect 
the host against toxins. This protection can result from inhibition of toxin expression in 
pathogens. Certain probiotics are even able to protect against cyanobacterial and fungal 
toxins. The basis of the observed protective effect is rather a physicochemical interaction 
between toxin and a probiotic than a metabolic inactivation (Musa et al., 2009; Oelschlaeger, 
2010). This mechanism of action of probiotics is not considered in this chapter. 
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Lactobacilli are able to interfere with genitourinary pathogens by several mechanisms. 
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biofilm formation based on autoaggregation and surface hydrophobicity (Dunne et al., 
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adherence to vaginal epithelial cells, and that co-aggregation leads to formation of a barrier 
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of the desired characteristics by which specific vaginal lactobacilli strains were selected as 
potential probiotic agents.  

4.1 Autoaggregation assay  
The aggregation ability could be described as the clumping of cells of the same strain, 
known as autoaggregation or self-aggregation (Nikolic et al., 2010). 
In a study performed by our research group, autoaggregation was described as the ability to 
form aggregates within 2 min. (Andreu et al., 1995). Necessary characteristics for 
Lactobacillus strains to serve as effective prophylactic agents include avid adherence to 
vaginal epithelial cells, interference with the adherence of other bacteria, production of 
bacteriocins, and production of hydrogen peroxide capable of inhibiting the growth of 
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with E. coli, G. vaginalis, and Candida albicans, but not with C. glabrata (Pascual et al., 2008a). 
Such co-aggregation could be an important factor in maintaining vaginal health because it 
produces an area around the pathogen where the concentration of antimicrobial substances 
produced by these lactobacilli is increased. This would constitute an important host defense 
mechanism against infection (Kotikalapudi, 2009; Taheri et al., 2009). 
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The ability to adhere to epithelial surfaces is considered an indispensable pre-requisite of 
probiotic strains in order to colonise and then to exert health promoting effects. Bacterial 
adhesion is initially based on non-specific physical interactions between two surfaces (like 
hydrophobic interaction), which then enable specific interactions between adhesins (usually 
proteins) and complementary receptors (Kos et al., 2003; Canzi et al., 2005). To identify 
bacterial traits related to adhesion ability, potential probiotics strains could be assayed for 
adherence to cell lines or more frequently, to individual epithelial cells isolated from tissue 
surfaces by mechanical scraping, brushing or by freezing followed by a rapid thawing 
(Sillanpää, 2001). Some microorganisms are able to bind to epithelial cells of the 
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gastrointestinal tract through lectins present in their surface structures. Lectins are 
carbohydrate-binding proteins or glycoproteins from non-immune origin which agglutinate 
cells with receptors (Gusilis, et al. 2002). Several authors observed a good correlation 
between adhesion ability and cell surface hydrophobicity (Canzi et al., 2005). Adherence was 
assessed by counting the number of bacteria adhered to the intact epithelial cells. The 
number of adhering lactobacilli in the present study was comparable. Such adherence may 
promote colonization of the vaginal epithelium through formation of a bacterial "film" that 
tends to exclude pathogens from the mucosa  ( Reid and Burton , 2002; Pascual et al., 2008a). 

4.5 Competitive exclusion  
Several studies reported that adhesive probiotic bacteria can prevent the attachment of 
pathogens and remove them from the urogenital tract. Studies showed that indigenous 
bacteria isolated from cervical, vaginal, and urethral surfaces of healthy women are able to 
adhere to human uroepithelial cells in vitro. These microorganisms were found to block the 
adherence of uropathogenic bacteria to uroepithelial cells from women with and without a 
history of urinary tract infections. Competitive exclusion was most effective with whole 

viable cells and less effective with cell wall fragments. Analysis of the Lactobacillus cell wall 
preparations suggested that lipoteichoic acid was responsible for the adherence of the 
Lactobacillus cells to uroepithelial cells but that steric hindrance was the major factor in 
preventing the adherence of uropathogens. Microbiota from the urinary tract may be used 
as protection against the attachment of uropathogens to the surfaces of uroepithelial cells 
(Revolledo et al., 2006; Kotikalapudi, 2009).  

5. Applications and beneficial effect of probiotics 
There is preliminary evidence that probiotic microorganisms may antagonize the growth 
of nosocomial pathogens on inanimate surfaces. Among the several health benefits 
attributed to probiotic bacteria, the modulation of the intestinal microbiota of the host and 
the capacity to interact with the immune system directly or mediated by the 
autochthonous microbiota are basic mechanisms. Well-recognized probiotic effects are: 1. 
Prevention of rotavirus-induced or antibiotic-associated diarrhea as well as alleviation of 
lactose intolerance symptoms. 2. Reduction of the concentration of cancer-promoting 
enzymes. 3. Prevention and alleviation of gastrointestinal tract problems in healthy 
people. 4. Beneficial effects on inflammatory diseases of the gastrointestinal tract 
(Helicobacter pylori infection). 5. Normalization of stool passage in subjects with 
obstipation or an irritable colon. 6. Prevention of allergies and atopic diseases in infants.  
7. Prevention of respiratory tract infections. 8. Prevention as well as treatment of 
urogenital infections and 9. Hypocholesterolemic  effect. Evidence suggests that probiotic 
microorganisms may have a role in lowering the incidence of vaginal candidiasis, 
bacterial vaginosis and recurrent lower urinary tract infections (de Vrese and 
Schrezenmeir, 2008). Certain microorganisms, like S. aureus and E. coli, are able to adhere 
to inanimate surfaces by forming biofilms, which consist of an extracellular matrix of 
polysaccharides. Biofilm formation provides these microorganisms with a survival 
advantage against their planktonic competitors, and is an optimal environment for 
proliferation, gene transfer, and quorum sensing within the bacterial population. In this 
sense, it has been shown that probiotic microorganisms, such as Lactobacillus spp., can 
produce multifunctional molecules, known as biosurfactants, which have antagonistic 
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antiadhesive properties against microbial pathogens. Biosurfactants, which are 
amphipathic molecules, have so far found limited application in biomedical sciences; 
however, indications of their potential clinical applicability are increasing (Falagas and 
Makris , 2009).  
The probiotic concept has focused on two principal areas: Health and human nutrition, and 
health and animal production. In this chapter we will approach to the study of probiotics in 
human health. 

5.1 Probiotics in human health 
Several studies have shown the positive use of probiotics in diverse human health problems. 
They are considered to offer potential therapeutic applications in the prevention and 
treatment of different diseases (Anuradha et al., 2006; Harish and Varghese, 2006; Rao et al., 
2009). 

5.2 Urogenital tract infections 
Among women producing estrogen or receiving estrogen supplementation, the largest part 
of the vaginal flora consists of lactobacilli, which possesses antimicrobial properties that 
regulate urogenital microbiota. Genitourinary infections in women are often characterized 
by an alteration in the local flora from a predominance of lactobacilli to coliform 
uropathogens as a result of hormone deficiency, sexual activity, contraceptive measures, 
and other factors (Forsum et al., 2005). 
In the complex vaginal environment, bacteria of the lactobacilli group (107–108 CFU g-1 of 
vaginal uid) are the predominant microorganisms in healthy pre-menopausal women and 
play an important protective role by limiting growth of pathogenic microorganisms (Reid, 
2005; Anukam et al., 2006; Pascual et al., 2008a). When lactobacilli are reduced, eliminated or 
replaced by pathogenic species, the host has an increased susceptibility to urinary tract 
infections (UTIs), genital tract infections (GTIs), bacterial vaginosis (BV), vulvovaginal 
candidiasis (VVC), and infection by N. gonorrhoeae or Trichomonas vaginalis (Reid et al, 2003; 
Klebanoff et al., 2004, Ruíz et al., 2009) 
The use of probiotics per se and mainly lactobacilli has received greater attention as an 
alternative, inexpensive and natural remedy to restore and maintain the genitourinary 
health (Reid, 2001a,c).  
Reid et al. (2001b)  reported the first clinical evidence that probiotic lactobacilli can be 
delivered to the vagina following oral intake, strain L. rhamnosus GR-1 and  L. fermentum RC-
14 were suspended in skim milk and given twice daily for 14 days to 10 women with a 
history of recurrent yeast vaginitis, bacterial vaginosis  and urinary tract infections. Six cases 
of asymptomatic BV or intermediate BV were resolved within 1 week of treatment.  Also,  a  
recent clinical  trial  showed  that  oral  administration  of  capsules containing  L.  fermentum 
RC-14  and  L.  rhamnosus GR-1 was effective  as  adjuvant  in  the  treatment  of  patients  
diagnosed with VVC (Gil et al., 2010).   
Pascual et al. (2010) found that L. fermentum L23 isolated from vaginal swabs of healthy, non-
pregnant, pre-menopausal woman was able to prevent and cure Escherichia coli infection in a 
murine vaginal tract model. The study of vaginal colonization by lactobacilli showed that 
the human L. fermentum L23 strain had the ability to colonize the vaginal tract. A single 
inoculation was sufficient to establish the probiotic lactobacilli into that niche. Vaginal tract 
levels of L. fermentum L23 remained fairly high for 4 days, with bacterial levels ranging from 
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however, indications of their potential clinical applicability are increasing (Falagas and 
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4.6 to 3.8 log10 c.f.u. ml-1. On day 5, values decreased to 2.6 log10 c.f.u.ml-1. No growth of L23 
strain was observed thereafter (Fig. 2). Infection with the pathogen was maintained in the 
vaginal tract for more than 7 days (Fig. 3), and this human E. coli uropathogenic strain was 
able to produce a strong infection when inoculated at this concentration, producing 
significant morphological alterations of the mucosal structure, mainly due to infiltration of 
polymorphonuclear cells. 
The test on the preventive effect produced by strain L23 showed that a single administration of  
Lactobacillus (1x108 u.f.c. ml-1) inhibited E. coli growth and, on the third post-infection day,  the 
E. coli growth was not detected, showing that the pathogen was eliminated by the probiotic 
strain (Fig. 4). The curative effect produced by L23 showed complete inhibition of pathogen’s 
growth after 5 days of treatment (Fig. 5). Thus, L. Fermentum, at that concentration, effectively 
eliminated E. coli from the vagina and had no negative effect on the host. 
 

 
Fig. 2. BALB/c mice vaginal colonization by L. fermentum L23. Results are shown as 
means±SD. 

 

 
Fig. 3. Vaginal infection of E. coli in female mice. Results are shown as means±SD. 
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Fig. 4. Preventative effect of L. fermentum L23 (о) on E. coli (•) in BALB/c mice. Results are 
shown as means±SD. Significant differences between the untreated control (Fig. 3) and the 
treated group were found (P<0.05). 
 

 
Fig. 5. Curative effect of L. fermentum L23(о)  on E. coli(•) in female BALB/c mice. Results 
are shown as means±SD. 

6. Safety considerations 
Probiotics are viable microorganisms, and therefore it is feasible that they could infect the 
host. First selection criteria mentioned that a probiotic supplement have to be generally 
regarded as safe microorganisms (Reid et al., 2003; Cabana et al., 2006). Species of 
Lactobacillus or Bifidobacterium are normal residents of the gastrointestinal and/or vaginal 
microbiota and do not display infectivity or toxicity. The risk of infection with these 
microorganisms is lower (World Gastroenterology Organization Practice Guideline, 2008; 
Gupta and Garg, 2009). 
Probiotics are safe for using in healthy people, but should be used with caution in high risk 
cases such as: People with immune compromise and premature infants. Current WHO/FAO 
guidelines (2001) recommend that, before using probiotic strains, a number of parameters 
should be evaluated to prevent health damages, including antibiotic susceptibility patterns, 
toxin production, metabolic and haemolytic activities, infectivity in immunocompromised 
animal models, side-effects and adverse incidents in humans (Senok et al., 2005). 
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Gupta and Garg, 2009). 
Probiotics are safe for using in healthy people, but should be used with caution in high risk 
cases such as: People with immune compromise and premature infants. Current WHO/FAO 
guidelines (2001) recommend that, before using probiotic strains, a number of parameters 
should be evaluated to prevent health damages, including antibiotic susceptibility patterns, 
toxin production, metabolic and haemolytic activities, infectivity in immunocompromised 
animal models, side-effects and adverse incidents in humans (Senok et al., 2005). 
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7. Conclusion 
This chapter focuses on a group of lactobacilli, which may protect the vaginal epithelium 
through a series of barrier mechanisms (adherence), interference mechanisms (co-
aggregation with potential pathogens), and production of antimicrobial substances. They 
appear to be excellent candidates for development as prophylactic agents. The L. fermentum 
L23 and L. rhamnosus L60 strains were selected for further studies of possible therapeutic 
application in the vaginal tract. Further studies are needed to evaluate their 
immunomodulatory capabilities.The bacteriocins produced by these lactobacilli are strong 
candidates for treatment or prevention of urogenital disorders in women. 
Probiotics do not represent a magic result, but evidence is accumulating that the use of 
probiotic strains and manipulation of the host's own vaginal/urethral microbiota will 
provide valuable options to help restore and maintain urogenital health. Once appropriate 
product formulations with supporting clinical data become available, it will be up to the 
physician to determine their place in patient management. 
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1. Introduction  
Urinary tract infection (UTI) is the most commonly diagnosed bacterial infection of 
childhood, and has a significant healthcare impact. Renal parenchymal infection and 
scarring are well-established complications of UTI in children and can lead to renal 
insufficiency, hypertension and renal failure. Although frequently encountered and well 
researched, diagnosis and management of UTI continue to be a controversial issue with 
many challenges for the clinician.  
The evolving state of knowledge about pediatric UTI leaves many questions and 
controversies. The goal of this chapter is to provide an up-to-date summary of the literature 
with particular attention to practical questions about diagnosis and management for the 
clinician. This chapter reviews also recent evidence regarding the epidemiology and 
evaluation of children with UTI. 

2. Definitions 
UTI is defined as the presence of bacteria in urine along with symptoms of infection. 
However, since asymptomatic colonization of the urinary tract can occur, other features such 
as the presence of inflammatory markers or follow-up cultures may be needed to definitively 
diagnose a UTI. 
UTIs have been classified in many ways: upper versus lower urinary tract, complicated 
versus uncomplicated, first episode versus recurrent, symptomatic versus asymptomatic, 
and according to severity simple versus severe infection.  
Pediatric UTIs are most simply categorized into two types: first infections and recurrent 
infections. Recurrent UTI is defined as two or more UTIs over a six-month period (Ditchfield 
et al., 1994). Recurrent UTI increases the risk of subsequent renal scarring. Recurrent UTI 
may be subclassified into three groups (Ma & Shortliffe, 2004): 
1. Unresolved infection: due to subtherapeutic level of antimicrobial (because of poor renal 

concentrating ability or gastrointestinal malabsorption), non-compliance with 
treatment, and resistant pathogens. Most unresolved infections are treated succesfully 
when proper culture and antimicrobial sensitivity patterns are available.  
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2. Bacterial persistence: may be due to a nidus in the urinary tract (Shortliffe, 1995). Surgical 
correction or medical treatment for urinary dysfunction may be needed. The surgically 
correctable sources of bacterial persistence are infection stones, infected nonfunctioning 
or poorly functioning kidneys or renal segments, infected ureteral stumps after 
nephrectomy, fistulas with bowels, infected necrotic papillae, and infected urachal cyst.    

3. Reinfection: each episode is a new infection acquired from periurethral, perineal or rectal 
flora. 

First childhood UTIs are considered complicated because of the evaluation and management 
implications. Lower UTI’s include bladder infections (cystitis), whereas upper UTI’s include 
pyelonephritis and perinephric and renal abscess. Ascending infection of the urinary tract is 

a complex process that has been associated with bacterial adhesion, virulence, and motility 
properties as well as host anatomic, humoral, and genetic factors (Svanborg & Godaly, 1997). 
The presence of fever, chills, and flank pain has usually been considered clinical evidence of 
upper tract infection. 
From the clinical point of view, UTI could also be classified as simple or severe UTI. Severe 
UTI is related to the presence of fever of > 390C, the feeling of being ill, persistent vomiting, 
and moderate or severe dehydration. A child with a simple UTI may have only mild 
pyrexia, but is able to take fluids and oral medication. The child is only slightly or not 
dehydrated and has a good expected level of compliance. When a low level of compliance is 
expected, such a child should be managed as one with a severe UTI. 
Breakthrough UTI may be caused by a change in the resistance pattern of organisms 
colonizing the urethra, noncompliance, vesicoureteral reflux (VUR) or dysfunctional 
voiding. Recognizing and addressing these associated factors are essential in treating 
breakthrough UTI.  
It is certainly possible to have bacteria within the urinary tract and be asymptomatic 
without having clinical infection or renal scarring. The prevalence of asymptomatic bacteriuria 
has been documented to be approximately 0.9% among young schoolgirls. Of these patients, 
10% were found to have VUR without any renal scarring. Controversy continues regarding 
the need for antibiotic treatment of asymptomatic bacteriuria (Schoen, 1990; Ahmed, 1996). 
If recurrent bacteriuria is truly asymptomatic, no antimicrobial treatment may be the best 
option, as some studies have shown that asymptomatic children are at very low risk of renal 
scarring, and prophylactic treatment did not decrease the risk of UTI recurrence (Shortliffe, 
1995). 

3. Epidemiology  
The epidemiology of UTI during childhood varies by age, gender, and other factors. The 
incidence of UTI in infants ranges from approximately 0.1 to 1.0 percent in all newborn 
infants to as high as 10 percent in low-birth-weight infants (Klein & Long, 1995). It 
represents the most common bacterial infection in children less than 2 years of age. It is the 
most common cause of fever of unknown origin in boys less than 3 years (Jodal, 1987). In the 
first year of life, mostly the first 3 months, UTI is more common in boys (3.7%) than in girls 
(2%), after which the incidence changes, being 3% in girls and 1.1% in boys (Foxman, 2002). 
Two studies of the prevalence of UTI among children presenting to an emergency 
department with fever found rates ranging from 3.5 to 5.5% (Hoberman et al., 1993; Shaw et 
al., 1998). Girls were more than twice as likely as boys to have UTI, and among boys, 
uncircumcised infants had an eightfold higher risk. This finding compares well with 
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population-based studies of UTI which document a 4- to 10-fold increase in risk of UTI 
among uncircumcised males during the first year of life, likely due to colonization of the 
mucosal surface of the foreskin with bacteria (To et al., 1998). White children were 
significantly more likely to have UTI than black children in both prevalence studies, with 
rates as high as 16 to 17% among white girls (Shaw et al., 1998). The reason for this increase 
associated with race is unclear, and referral bias may be a factor for these emergency 
department-based studies. However, some studies of white females suggest that there may 
be genetic tendencies for UTI, such as lack of secretion of carbohydrates that protect against 
bacterial adherence in the urinary tract (Jantausch et al., 1994; Sheinfeld et al., 1989).  

4. Importance of UTI 
The clinical significance of UTI has been controversial. In the preantibiotic era, UTI had a 
mortality rate as high as 20%, although acute complications in healthy children are now 
uncommon except in young infants, who may progress to systemic infection (Dayan et al., 
2004; Hansson et al., 1997). Long-term complications of UTI have been associated with renal 
scarring and include hypertension, chronic renal failure, and toxemia in pregnancy. Long-
term follow-up data are limited, although one Swedish study found that children diagnosed 
with renal scarring due to pyelonephritis during the 1950s and 1960s developed high rates of 
hypertension (23%) and end-stage renal disease (10%)(Jacobson et al., 1989). More recent 
studies question the association between pyelonephritis and end-stage renal disease 

(Esbjorner et al., 1997; Sreenarasimhaiah & Hellerstein, 1998). Although the individual risks 
associated with UTI remain unclear, the high prevalence of UTI and potential morbidity 

associated with complications require careful attention to diagnosis and management.  

5. Etiology 
Clinically important infections usually occur due to bacteria, although viruses, fungi, and 

parasites can also cause infection. Common bacterial pathogens include gram-negative 
species such as Escherichia coli, Klebsiella, Proteus, Enterobacter, Pseudomonas, and Serratia spp. 
and gram-positive organisms, including group B streptococci, Enterococcus sp., and 
Staphylococcus aureus. Escherichia coli is the most common infecting pathogen in children, 
accounting for up to 90 percent of UTIs (Shapiro, 1992). Gram-positive organisms represent 
5-7% of cases. Groups A and B streptococci are relatively common in the newborn (Richards 
et al., 1999). There is an increasing trend towards the isolation of Staphylococcus saprophyticus 
in UTIs in children, although the role of this organism is still debatable (Abrahamsson et al., 
1993). The virulence of the invading bacteria and the susceptibility of the host are of primary 
importance in the development of UTI (Feld, 1991).  
Fungi can cause cystitis in certain settings and with associated risk factors. Fungi are the 
second most common cause of nosocomial UTI in children, and can spread systemically and 
can be life-threatening. Risk factors for fungal UTI’s include the use of invasive devices 
(drains and catheters), previous broad-spectrum antibiotic exposure, and systemic 
immunosuppression. A true candidurial infection can be difficult to diagnose, since it can 
represent colonization, contamination, or infection, and may or may not have associated 
symptoms. The potential for candiduria to develop into invasive candidiasis in the neonatal 
intensive care unit is significant. Risk factors for this progression include prematurity, 
congenital urinary tract abnormalities, parenteral nutrition, respiratory intubation, and 
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term follow-up data are limited, although one Swedish study found that children diagnosed 
with renal scarring due to pyelonephritis during the 1950s and 1960s developed high rates of 
hypertension (23%) and end-stage renal disease (10%)(Jacobson et al., 1989). More recent 
studies question the association between pyelonephritis and end-stage renal disease 

(Esbjorner et al., 1997; Sreenarasimhaiah & Hellerstein, 1998). Although the individual risks 
associated with UTI remain unclear, the high prevalence of UTI and potential morbidity 

associated with complications require careful attention to diagnosis and management.  

5. Etiology 
Clinically important infections usually occur due to bacteria, although viruses, fungi, and 

parasites can also cause infection. Common bacterial pathogens include gram-negative 
species such as Escherichia coli, Klebsiella, Proteus, Enterobacter, Pseudomonas, and Serratia spp. 
and gram-positive organisms, including group B streptococci, Enterococcus sp., and 
Staphylococcus aureus. Escherichia coli is the most common infecting pathogen in children, 
accounting for up to 90 percent of UTIs (Shapiro, 1992). Gram-positive organisms represent 
5-7% of cases. Groups A and B streptococci are relatively common in the newborn (Richards 
et al., 1999). There is an increasing trend towards the isolation of Staphylococcus saprophyticus 
in UTIs in children, although the role of this organism is still debatable (Abrahamsson et al., 
1993). The virulence of the invading bacteria and the susceptibility of the host are of primary 
importance in the development of UTI (Feld, 1991).  
Fungi can cause cystitis in certain settings and with associated risk factors. Fungi are the 
second most common cause of nosocomial UTI in children, and can spread systemically and 
can be life-threatening. Risk factors for fungal UTI’s include the use of invasive devices 
(drains and catheters), previous broad-spectrum antibiotic exposure, and systemic 
immunosuppression. A true candidurial infection can be difficult to diagnose, since it can 
represent colonization, contamination, or infection, and may or may not have associated 
symptoms. The potential for candiduria to develop into invasive candidiasis in the neonatal 
intensive care unit is significant. Risk factors for this progression include prematurity, 
congenital urinary tract abnormalities, parenteral nutrition, respiratory intubation, and 
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umbilical artery or intravenous catheterization. Furthermore, the kidney is the most 
commonly affected organ in candidiasis, with “fungus balls” representing a life-threatening 
infection. As such, renal and bladder sonography is important in the evaluation of neonates 
with candiduria.  
Viral cystitis represents another form of non-bacterial UTI affecting children. Adenovirus 
types 11 and 21, Influenza A, polyomavirus BK, and Herpes simplex viruses can cause irritative 
voiding symptoms, hemorrhagic cystitis and even VUR or urinary retention. In non-
immunized or immunosuppressed children, Herpes zoster cystitis presents similarly. 
Fortunately, these forms of cystitis are self-limited. Immunosuppressed children undergoing 
kidney or bone marrow transplantation, or those receiving chemotherapy are especially 
susceptible to viral cystitis, including those caused by Cytomegalovirus and Adenoviruses 7, 21 
and 35. Antivirals such as ribavirin and vidarabine may be helpful when viral cystitis is 
diagnosed.  

6. Pathogenesis and risk factors 
In neonates, the usual route of infection is presumed to be hematogenous. Later in life, 
infection is usually caused by ascension of bacteria into the urinary tract. Retrograde ascent 
is the most common mechanism of infection. Any condition that leads to urinary stasis 
(renal calculi, obstructive uropathy, VUR and dysfunctional voiding) may predispose to the 
development of UTI in children (Batisky, 1996). Obstruction and dysfunctional voiding are 
among the most common causes of UTI (Ma & Shortliffe, 2004). A wide variety of congenital 
urinary tract abnormalities can cause UTIs through obstruction, e.g. urethral valves, 
ureteropelvic and ureterovesical junctions’ obstructions, ureteroceles, ectopic ureters, 
bladder extrophy, or non-obstructive urinary stasis (e.g. prune belly syndrome, VUR). More 
mundane but significant causes of UTIs include labial adhesion and chronic constipation 
(Abrahamsson et al., 1993).  
Phimosis is the inability to retract the foreskin, and is a anormal physiologic occurrence in 
newborn boys. Phimosis can predispose to UTI (Craig et al., 1996; To et al., 1998). The 
prepuce can serve as a reservoir for potentially uropathogenic bacteria. Enterobacteria 
derived from intestinal flora colonize the preputial sac, glandular surface and the distal 
urethra. Among these organisms are strains of E. coli expressing P fimbriae which adhere to 
the inner layer of the preputial skin and to uroepithelial cells (Fussel et al., 1988). 
Neuropathic bladder dysfunction (spina bifida, sphincter dyssynergia, etc) may also lead to 
postvoid residual urine and secondary VUR (Schulman, 2004). 
Dysfunctional voiding refers to dysfunction of the lower urinary tract in the absence of any 
apparent organic cause. The child with dysfunctional voiding habitually contracts the 
urethral sphincter during voiding. The term cannot be applied unless repeated urofow 
measurements have shown curves with a staccato pattern or if verified by invasive 
urodynamic investigation. Dysfunctional voiding may result in infrequent bladder 
emptying aided by delaying manoeuvres, e.g. crossing legs, sitting on heels (Wan et al., 
1995). It is often associated with daytime enuresis and constipation (Smith & Elder, 1994). 
Dysfunctional voiding can lead to secondary VUR, and may be exacerbated by chronic 
constipation because of alterations in pelvic floor activity caused by impacted stool. 
Normally, any bacteria that enter the bladder are flushed out of the bladder with complete 
and frequent voiding. Infrequent voiding and residual urine residual urine in the bladder 
allows bacteria that enter the bladder to grow and multiply enough to cause enfection. 
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Incomlete relaxation of the pelvic flor during voiding can couse poor compliance and/or 
incomplete emptying, both of which are thought to contribute to bacteriuria and UTI. Girls 
with recurrent UTIs have a particularly high incidence of voiding dysfunction (Chen et al., 
2004; Mingin et al., 2004) and should be screened with a thorough history, voiding diary, 
and appropriate clinical evaluation to rule out constipation. In children who demonstrate a 
high likelihood for this diagnosis, it may be appropriate to address these issues before 
proceeding to more invasive tests such as a VCUG. Treatment of voiding dysfunction 
includes timed voiding, treatment of constipation, prophylactic antibiotics and, in some 
cases, use of anticholinergic medication (e.g., oxybutynin) or biofeedback (Kibar et al., 2009, 
2007a, 2007b; Yagci et al., 2005). 
VUR is the abnormal retrograde flow of bladder urine into the upper urinary tract through 
an incompetent ureterovesical junction. Reflux in itself that is without bacterial 
contamination and low in pressure has not been documented to be deleterious. Reflux in the 
presence of bacteria as a risk factor for upper UTIs or pyelonephritis. In children without 
urologic symptoms or history of infection, the insidence of reflux is likely less than 1%. In 
children with a history of symptomatic UTI, the insidence of reflux has been estimated to 
range from 20% to 50%. Untreated upper UTIs have been shown to lead to acquired renal 
scarring or reflux nephropathy in children (Yeung et al., 1997). Controversy continues 
regarding the association of VUR with the pathogenesis of renal scarring, reflux 
nephropathy and pyelonephritis (Ditchfield et al., 1994; Eggli & Tulchinsky, 1993). Studies 
reporting on investigation during a febrile UTI document initial defect and subsequent 
scarring in 34 to 70% and 9.5 to 38%, respectively (Benador et al., 1997; Ditchfield & Nadel, 
1998; Hoberman et al., 2003; Majd & Rushton, 1992). Unfortunately, many studies do not 
have complete enough follow-up to determine the true incidence of scarring, as it has been 
shown that defects will change up to 6 months later (Ditchfield et al., 2002; Wallin et al., 
2001). There is also the potential for interobserver variability in renal scans, with differences 
ranging from small to notable (Gacinovic et al., 1996)). Children less than one year of age 
with a UTI are at much greater risk for renal scarring than older children; children over five 
years of age uncommonly have new renal scarring with UTI (Andrich & Majd, 1992). While 
some researchers emphasize the risk of renal scarring from recurrent UTI without reflux 
(Gordon, 1995), others are just as adamant regarding the risk of scarring from reflux in the 
absence of infection (Blumenthal, 1995). The fact that renal scarring develops in only a 
minority of patients with pyelonephritis and/or VUR suggests that the development of 
renal scarring likely involves the interplay of several factors and cannot simply be attributed 
to the presence of infection or reflux alone. 

7. Clinical presentation 
The presenting symptoms of UTI depend on the anatomic site of the infection and the age of 
the patient. Regardless of UTI location, infants and many young children cannot describe 
their symptoms; hence it is critical to understand the observable signs and symptoms of 
infection to make the diagnosis. In a child with so-called "asymptomatic" bacteriuria, only 
subtle clues, such as enuresis or squatting, may be present. Alternatively, a systemically ill 
neonate may be lethargic and hypotensive. 
Cystitis is second in frequency only to respiratory infection as a reason for pediatric medical 
visits. Classic symptoms of cystitis include urinary frequency, urgency, dysuria, hematuria, 
suprapubic pain, sensation of incomplete emptying, and even incontinence. Non-specific 
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umbilical artery or intravenous catheterization. Furthermore, the kidney is the most 
commonly affected organ in candidiasis, with “fungus balls” representing a life-threatening 
infection. As such, renal and bladder sonography is important in the evaluation of neonates 
with candiduria.  
Viral cystitis represents another form of non-bacterial UTI affecting children. Adenovirus 
types 11 and 21, Influenza A, polyomavirus BK, and Herpes simplex viruses can cause irritative 
voiding symptoms, hemorrhagic cystitis and even VUR or urinary retention. In non-
immunized or immunosuppressed children, Herpes zoster cystitis presents similarly. 
Fortunately, these forms of cystitis are self-limited. Immunosuppressed children undergoing 
kidney or bone marrow transplantation, or those receiving chemotherapy are especially 
susceptible to viral cystitis, including those caused by Cytomegalovirus and Adenoviruses 7, 21 
and 35. Antivirals such as ribavirin and vidarabine may be helpful when viral cystitis is 
diagnosed.  

6. Pathogenesis and risk factors 
In neonates, the usual route of infection is presumed to be hematogenous. Later in life, 
infection is usually caused by ascension of bacteria into the urinary tract. Retrograde ascent 
is the most common mechanism of infection. Any condition that leads to urinary stasis 
(renal calculi, obstructive uropathy, VUR and dysfunctional voiding) may predispose to the 
development of UTI in children (Batisky, 1996). Obstruction and dysfunctional voiding are 
among the most common causes of UTI (Ma & Shortliffe, 2004). A wide variety of congenital 
urinary tract abnormalities can cause UTIs through obstruction, e.g. urethral valves, 
ureteropelvic and ureterovesical junctions’ obstructions, ureteroceles, ectopic ureters, 
bladder extrophy, or non-obstructive urinary stasis (e.g. prune belly syndrome, VUR). More 
mundane but significant causes of UTIs include labial adhesion and chronic constipation 
(Abrahamsson et al., 1993).  
Phimosis is the inability to retract the foreskin, and is a anormal physiologic occurrence in 
newborn boys. Phimosis can predispose to UTI (Craig et al., 1996; To et al., 1998). The 
prepuce can serve as a reservoir for potentially uropathogenic bacteria. Enterobacteria 
derived from intestinal flora colonize the preputial sac, glandular surface and the distal 
urethra. Among these organisms are strains of E. coli expressing P fimbriae which adhere to 
the inner layer of the preputial skin and to uroepithelial cells (Fussel et al., 1988). 
Neuropathic bladder dysfunction (spina bifida, sphincter dyssynergia, etc) may also lead to 
postvoid residual urine and secondary VUR (Schulman, 2004). 
Dysfunctional voiding refers to dysfunction of the lower urinary tract in the absence of any 
apparent organic cause. The child with dysfunctional voiding habitually contracts the 
urethral sphincter during voiding. The term cannot be applied unless repeated urofow 
measurements have shown curves with a staccato pattern or if verified by invasive 
urodynamic investigation. Dysfunctional voiding may result in infrequent bladder 
emptying aided by delaying manoeuvres, e.g. crossing legs, sitting on heels (Wan et al., 
1995). It is often associated with daytime enuresis and constipation (Smith & Elder, 1994). 
Dysfunctional voiding can lead to secondary VUR, and may be exacerbated by chronic 
constipation because of alterations in pelvic floor activity caused by impacted stool. 
Normally, any bacteria that enter the bladder are flushed out of the bladder with complete 
and frequent voiding. Infrequent voiding and residual urine residual urine in the bladder 
allows bacteria that enter the bladder to grow and multiply enough to cause enfection. 
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Incomlete relaxation of the pelvic flor during voiding can couse poor compliance and/or 
incomplete emptying, both of which are thought to contribute to bacteriuria and UTI. Girls 
with recurrent UTIs have a particularly high incidence of voiding dysfunction (Chen et al., 
2004; Mingin et al., 2004) and should be screened with a thorough history, voiding diary, 
and appropriate clinical evaluation to rule out constipation. In children who demonstrate a 
high likelihood for this diagnosis, it may be appropriate to address these issues before 
proceeding to more invasive tests such as a VCUG. Treatment of voiding dysfunction 
includes timed voiding, treatment of constipation, prophylactic antibiotics and, in some 
cases, use of anticholinergic medication (e.g., oxybutynin) or biofeedback (Kibar et al., 2009, 
2007a, 2007b; Yagci et al., 2005). 
VUR is the abnormal retrograde flow of bladder urine into the upper urinary tract through 
an incompetent ureterovesical junction. Reflux in itself that is without bacterial 
contamination and low in pressure has not been documented to be deleterious. Reflux in the 
presence of bacteria as a risk factor for upper UTIs or pyelonephritis. In children without 
urologic symptoms or history of infection, the insidence of reflux is likely less than 1%. In 
children with a history of symptomatic UTI, the insidence of reflux has been estimated to 
range from 20% to 50%. Untreated upper UTIs have been shown to lead to acquired renal 
scarring or reflux nephropathy in children (Yeung et al., 1997). Controversy continues 
regarding the association of VUR with the pathogenesis of renal scarring, reflux 
nephropathy and pyelonephritis (Ditchfield et al., 1994; Eggli & Tulchinsky, 1993). Studies 
reporting on investigation during a febrile UTI document initial defect and subsequent 
scarring in 34 to 70% and 9.5 to 38%, respectively (Benador et al., 1997; Ditchfield & Nadel, 
1998; Hoberman et al., 2003; Majd & Rushton, 1992). Unfortunately, many studies do not 
have complete enough follow-up to determine the true incidence of scarring, as it has been 
shown that defects will change up to 6 months later (Ditchfield et al., 2002; Wallin et al., 
2001). There is also the potential for interobserver variability in renal scans, with differences 
ranging from small to notable (Gacinovic et al., 1996)). Children less than one year of age 
with a UTI are at much greater risk for renal scarring than older children; children over five 
years of age uncommonly have new renal scarring with UTI (Andrich & Majd, 1992). While 
some researchers emphasize the risk of renal scarring from recurrent UTI without reflux 
(Gordon, 1995), others are just as adamant regarding the risk of scarring from reflux in the 
absence of infection (Blumenthal, 1995). The fact that renal scarring develops in only a 
minority of patients with pyelonephritis and/or VUR suggests that the development of 
renal scarring likely involves the interplay of several factors and cannot simply be attributed 
to the presence of infection or reflux alone. 

7. Clinical presentation 
The presenting symptoms of UTI depend on the anatomic site of the infection and the age of 
the patient. Regardless of UTI location, infants and many young children cannot describe 
their symptoms; hence it is critical to understand the observable signs and symptoms of 
infection to make the diagnosis. In a child with so-called "asymptomatic" bacteriuria, only 
subtle clues, such as enuresis or squatting, may be present. Alternatively, a systemically ill 
neonate may be lethargic and hypotensive. 
Cystitis is second in frequency only to respiratory infection as a reason for pediatric medical 
visits. Classic symptoms of cystitis include urinary frequency, urgency, dysuria, hematuria, 
suprapubic pain, sensation of incomplete emptying, and even incontinence. Non-specific 
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symptoms can include poor feeding, irritability, lethargy, vomiting, diarrhea, ill appearance, 
and abdominal distension. Fever and flank pain are unusual symptoms for lower UTI.  
Pyelonephritis, and to a lesser degree renal abscesses, typically begin as a lower UTI that 
proceeds to an upper UTI as the infections ascends. However, pyelonephritis and renal 
abscesses can also result from hematogenous spread of infection (e.g., bacteremia). 
Symptoms that occur with upper UTI’s overlap those for cystitis, in part because cystitis is 
common in both. In upper UTI’s, flank pain and fevers (classically intermittent and >39°C) 
are more pronounced and important 

8. Diagnosis 
A thorough history from parents, and the child if possible, and a physical examination are 
essential in the evaluation of pediatric UTI.  There are no signs spesific for UTI in the infant. 
If there is a gross genitourinary anatomic abnormality, a renal mass may be palpable, as 
found in children with xanthogranulomatous pyelonephritis or infected severe 
hydronephrosis. Palpation in the suprapubic and flank areas may cause pain in the older 
child, but generelized abdominal or upper quadrant pain may also be present. Perineal 
examination rarely shows an ectopic ureteral opening, ureterocele, or ureteral discharge in 
girls. It is mandatory to look for phimosis and labial adhesion. Signs such as back scars, 
sacral fat pads, or sacral dimples or pits may suggest neurogenic bladder and may require 
further investigation. On boys, the testes are abnormal if affected by epididymitis or 
epididymo-orchitis. The absence of fever does not exclude the presence of an infective 
process. The presence of irritative urinary symptoms in the absence of bacteria suggests a 
non-UTI cause such as vaginitis, urethritis, pinworms, or the use of bubble baths (Zelikovic, 
1992). 
The question of when to screen for UTI has been evaluated in a number of studies. The 
presence of specific symptoms for UTI, including dysuria, frequency, urgency, suprapubic 
discomfort, and flank pain, should lead to screening. However, young children with UTI 
may present ith nonspecific symptoms, such as poor feeding, vomiting, irritability, jaundice 
(in newborns), or fever alone may be appropriate.  
Dipstick urinalysis is the most common initial laboratory testing, and may be the most cost-
effective screen for infant UTI. Urine cultures and blood cultures (if sepsis is suspected) are 
the mainstays of diagnosis. However, diagnosis is complicated by contamination from fecal 
bacteria that colonize the perineal area and distal urethra. The guideline issued by the 
American Academy of Pediatrics (AAP) for the evaluation of fever (39.0°C [102.2°F] or 
higher) of unknown origin suggests urinalysis in all cases and a urine culture in all boys 
younger than six months of age and all girls younger than two years of age (Baraff et al., 
1993). 
The definitive diagnosis of infection in children requires a positive urine culture (Ma & 
Shortliffe, 2004). Urine must be obtained under bacteriologically reliable conditions when 
undertaking a urine specimen culture (Zorc et al., 2005). A positive urine culture is defined 
as the presence of more than 100,000 cfu/mL of one pathogen. Most UTIs are caused by a 
single organism; the presence of two or more organisms usually suggests contamination. 
The urine specimen may be difficult to obtain in a child less than 4 years old and different 
methods are advised since there is a high risk of contamination (Watson, 2004). 
The final concentration of bacteria in urine is directly related to the method of collection, 
diuresis, and method of storage and transport of the specimen. In order to obtain a urine 
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sample in the best condition in children under 2 years of age (girls and uncircumcised boys 
without sphincteric control), it is better to use suprapubic bladder aspiration or bladder 
catheterization. In older children with sphincteric control, clean-voided midstream 
specimen is possible and reliable (Ma & Shortliffe, 2004). Voided specimen should be 
obtained after cleansing of the urethral meatus. Girls should be positioned backwards on the 
toilet seat to help spread the labia. Suprapubic bladder aspiration is the most sensitive 
method, but has a low rate of success unless aided by ultrasound visualization of urine in 
the bladder. Urine may be obtained in 23-99% of cases (Ma & Shortliffe, 2004). Bladder 
catheterization is also a sensitive method, even though there is the risk of introduction of 
nosocomial pathogens (Hellerstein, 2002). Urine from bagged and voided specimens are 
easier for the child, but have significant false positive rates, ranging from 85-99% (Ma & 
Shortliffe, 2004). It is helpful when the culture is negative and has a positive predictive value 
of 15% (Cavagnaro, 2005). Any number of colonies from a suprapubic bladder aspiration, 
more than 103 colonies from an intermittent catheterization, and more than 105 colonies from 
a midstream clean-catch urine collection indicate UTI (Batisky, 1996).  
Although urine culture is the gold standard for diagnosis of UTI, results are not available for 
24 to 48 h. Rapid techniques to predict UTI include urine dipstick tests for leukocyte esterase 

and nitrites and various forms of urinalysis, including standard microscopy on a centrifuged 
specimen, high-powered microscopy with a hemacytometer, and Gram stain of unspun 
urine for organisms.  
Nitrite is the degradation product of the nitrates of bacterial metabolism, particularly of 
Gram-negative bacteria. When an infection is caused by Gram-positive bacteria, the test may 
be negative (Ma & Shortliffe, 2004; Cavagnaro, 2005). Limitations of the nitrite test include: 
not all uropathogens reduce nitrate to nitrite (e.g. Pseudomonas aeruginosa, enterococci), even 
nitrite-producing pathogens may show a negative test result (due to the short transit time in 
the bladder in cases of high diuresis and urine dilution, e.g. neonates). The nitrite test has a 
sensitivity of only 45-60%, but a very good specificity of 85-98% (Ma & Shortliffe, 2004; 
Watson, 2004; Deville et al., 2004).   
Leucocyte esterase is produced by the activity of leucocytes. The test for leucocyte esterase 
has a sensitivity of 48-86% and a specificity of 17-93% (Ma and Shortliffe, 2004; Watson, 
2004; Hoberman & Wald, 1997; Deville et al., 2004). A combination of nitrite and leucocyte 
esterase testing improves sensitivity and specificity, but carries the risk of false-positive 
results (Deville et al., 2004). Back-up urine culture should be sent to detect the 
approximately 12% of UTIs that will be missed by the dipstick test (Huicho et al., 2002).The 
dipstick test has become useful to exclude rapidly and reliably the presence of a UTI, 
provided both nitrite and leucocyte esterase tests are negative. If the tests are positive, it is 
better to confirm the results in combination with the clinical symptoms and other tests 
(Watson, 2004; Deville et al., 2004).  
The presence or absence of pyuria on urinalysis, along with a urine culture, help make the 
diagnosis of pediatric UTI. Pyuria with a negative urine culture suggests viral infection, 
infection with fastidious organisms such as mycobacterium or haemophilus, or 
noninfectious cystitis. The lack of pyuria and a negative urine culture suggests a non-
infectious etiology for cystitis. A positive urine culture along with pyuria likely represents 
bacterial or fungal infection. A positive urine culture without pyuria may indicate 
contamination or an immunosuppressed host.  
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symptoms can include poor feeding, irritability, lethargy, vomiting, diarrhea, ill appearance, 
and abdominal distension. Fever and flank pain are unusual symptoms for lower UTI.  
Pyelonephritis, and to a lesser degree renal abscesses, typically begin as a lower UTI that 
proceeds to an upper UTI as the infections ascends. However, pyelonephritis and renal 
abscesses can also result from hematogenous spread of infection (e.g., bacteremia). 
Symptoms that occur with upper UTI’s overlap those for cystitis, in part because cystitis is 
common in both. In upper UTI’s, flank pain and fevers (classically intermittent and >39°C) 
are more pronounced and important 

8. Diagnosis 
A thorough history from parents, and the child if possible, and a physical examination are 
essential in the evaluation of pediatric UTI.  There are no signs spesific for UTI in the infant. 
If there is a gross genitourinary anatomic abnormality, a renal mass may be palpable, as 
found in children with xanthogranulomatous pyelonephritis or infected severe 
hydronephrosis. Palpation in the suprapubic and flank areas may cause pain in the older 
child, but generelized abdominal or upper quadrant pain may also be present. Perineal 
examination rarely shows an ectopic ureteral opening, ureterocele, or ureteral discharge in 
girls. It is mandatory to look for phimosis and labial adhesion. Signs such as back scars, 
sacral fat pads, or sacral dimples or pits may suggest neurogenic bladder and may require 
further investigation. On boys, the testes are abnormal if affected by epididymitis or 
epididymo-orchitis. The absence of fever does not exclude the presence of an infective 
process. The presence of irritative urinary symptoms in the absence of bacteria suggests a 
non-UTI cause such as vaginitis, urethritis, pinworms, or the use of bubble baths (Zelikovic, 
1992). 
The question of when to screen for UTI has been evaluated in a number of studies. The 
presence of specific symptoms for UTI, including dysuria, frequency, urgency, suprapubic 
discomfort, and flank pain, should lead to screening. However, young children with UTI 
may present ith nonspecific symptoms, such as poor feeding, vomiting, irritability, jaundice 
(in newborns), or fever alone may be appropriate.  
Dipstick urinalysis is the most common initial laboratory testing, and may be the most cost-
effective screen for infant UTI. Urine cultures and blood cultures (if sepsis is suspected) are 
the mainstays of diagnosis. However, diagnosis is complicated by contamination from fecal 
bacteria that colonize the perineal area and distal urethra. The guideline issued by the 
American Academy of Pediatrics (AAP) for the evaluation of fever (39.0°C [102.2°F] or 
higher) of unknown origin suggests urinalysis in all cases and a urine culture in all boys 
younger than six months of age and all girls younger than two years of age (Baraff et al., 
1993). 
The definitive diagnosis of infection in children requires a positive urine culture (Ma & 
Shortliffe, 2004). Urine must be obtained under bacteriologically reliable conditions when 
undertaking a urine specimen culture (Zorc et al., 2005). A positive urine culture is defined 
as the presence of more than 100,000 cfu/mL of one pathogen. Most UTIs are caused by a 
single organism; the presence of two or more organisms usually suggests contamination. 
The urine specimen may be difficult to obtain in a child less than 4 years old and different 
methods are advised since there is a high risk of contamination (Watson, 2004). 
The final concentration of bacteria in urine is directly related to the method of collection, 
diuresis, and method of storage and transport of the specimen. In order to obtain a urine 
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sample in the best condition in children under 2 years of age (girls and uncircumcised boys 
without sphincteric control), it is better to use suprapubic bladder aspiration or bladder 
catheterization. In older children with sphincteric control, clean-voided midstream 
specimen is possible and reliable (Ma & Shortliffe, 2004). Voided specimen should be 
obtained after cleansing of the urethral meatus. Girls should be positioned backwards on the 
toilet seat to help spread the labia. Suprapubic bladder aspiration is the most sensitive 
method, but has a low rate of success unless aided by ultrasound visualization of urine in 
the bladder. Urine may be obtained in 23-99% of cases (Ma & Shortliffe, 2004). Bladder 
catheterization is also a sensitive method, even though there is the risk of introduction of 
nosocomial pathogens (Hellerstein, 2002). Urine from bagged and voided specimens are 
easier for the child, but have significant false positive rates, ranging from 85-99% (Ma & 
Shortliffe, 2004). It is helpful when the culture is negative and has a positive predictive value 
of 15% (Cavagnaro, 2005). Any number of colonies from a suprapubic bladder aspiration, 
more than 103 colonies from an intermittent catheterization, and more than 105 colonies from 
a midstream clean-catch urine collection indicate UTI (Batisky, 1996).  
Although urine culture is the gold standard for diagnosis of UTI, results are not available for 
24 to 48 h. Rapid techniques to predict UTI include urine dipstick tests for leukocyte esterase 

and nitrites and various forms of urinalysis, including standard microscopy on a centrifuged 
specimen, high-powered microscopy with a hemacytometer, and Gram stain of unspun 
urine for organisms.  
Nitrite is the degradation product of the nitrates of bacterial metabolism, particularly of 
Gram-negative bacteria. When an infection is caused by Gram-positive bacteria, the test may 
be negative (Ma & Shortliffe, 2004; Cavagnaro, 2005). Limitations of the nitrite test include: 
not all uropathogens reduce nitrate to nitrite (e.g. Pseudomonas aeruginosa, enterococci), even 
nitrite-producing pathogens may show a negative test result (due to the short transit time in 
the bladder in cases of high diuresis and urine dilution, e.g. neonates). The nitrite test has a 
sensitivity of only 45-60%, but a very good specificity of 85-98% (Ma & Shortliffe, 2004; 
Watson, 2004; Deville et al., 2004).   
Leucocyte esterase is produced by the activity of leucocytes. The test for leucocyte esterase 
has a sensitivity of 48-86% and a specificity of 17-93% (Ma and Shortliffe, 2004; Watson, 
2004; Hoberman & Wald, 1997; Deville et al., 2004). A combination of nitrite and leucocyte 
esterase testing improves sensitivity and specificity, but carries the risk of false-positive 
results (Deville et al., 2004). Back-up urine culture should be sent to detect the 
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better to confirm the results in combination with the clinical symptoms and other tests 
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9. Evaluation after UTI 
After establishing the diagnosis of UTI, certain children require additional testing to 
determine possible causes for their infection. This is important as eradication of UTI with 
antibiotics may not be possible without correction of underlying structural abnormalities. In 
addition, the early diagnosis of anatomically based UTI’s can prevent or ameliorate long-
term sequelae of persistent or recurrent infections. The evaluation of children after a UTI 
was once thought to be quite straightforward and focused primarily on detecting and 

treating VUR in order to prevent end-stage renal disease from reflux nephropathy. Hutch 
and Hodson were among the first to describe a relationship between reflux and renal 
scarring. Subsequently, a relationship was established between reflux and chronic 
pyelonephritis (Smellie et al., 1964; Williams & Eckstein, 1965). Until recently, further 
evaluation of UTI has centered on the search for reflux with anatomic studies. AAP has 
suggested guidelines for radiologic imaging of children with UTIs. Urinary tract imaging is 
recommended in a febrile infant or young child between the ages of 2 months and 2 years 
with a first documented UTI. Typically this involves a renal and bladder ultrasound and a 
voiding cystourethrogram (VCUG) (AAP, 1999). 

10. Standard radiological studies 
There is more controversy than consensus regarding the appropriateness of different 
diagnostic imaging modalities in the evaluation of UTI in children (Slovis, 1995). A “Gold 
Standard” imaging technique has to be cost-effective, painless, safe, with minimal or no 
radiation, and an ability to detect any significant structural anomaly. Current techniques do 
not fulfil all such requirements. Imaging is indicated if patients have known anatomic 
structural abnormalities, unusual uropathogens such as Proteus or Mycobacterium 
tuberculosis, fail to improve with appropriate antimicrobial therapy, or have an unclear 
source of infection. VCUG should be performed as soon as a child is infection-free and 
bladder irritability has passed, since delaying the VCUG is associated with losing patients to 
follow-up. Other radiologic studies are computerized tomography (CT), magnetic resonance 
imaging (MRI), intravenous urography (IVU), and technetium-99m labeled dimercapto-
succinic acid (DMSA) and technetium-99m labeled mercaptoacetyl triglyceride (MAG-3) 
scans. The most commonly used imaging techniques are discussed in the following sections. 
IVU provides a precise anatomic image of the kidneys and can readily identify some urinary 
tract abnormalities (e.g., cysts, hydronephrosis) (Smellie, 1995a). The major disadvantages of 
IVU include decreased sensitivity compared with renal scintigraphy in the detection of both 
pyelonephritis and renal scarring (Smellie, 1995a). Higher dosage of radiation and risk of 
reaction to contrast medium are also reasons for concern. Given these disadvantages, IVU 
appears to have little role in the work-up of UTI in children, and the role of IVU is declining 
with the increasing technical superiority of CT (Huang et al., 1992) and MRI. However, the 
indication for their use is still limited in UTI.  
Although IVU has been a time-honored examination in the initial radiologic evaluation of 
UTI in children, ultrasonography (US) has largely replaced IVU as the initial screening 
examination (Rushton et al., 1992). US has become very useful in children because of its 
safety, speed and high accuracy in identifying the anatomy and size of the renal 
parenchyma and collecting system (Pickworth et al., 1995). Most physicians believe that it is 
an appropriate screening test to rule out major abnormalities. US alone is not generally 
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adequate for investigation of UTI in children, as it is unreliable in detecting VUR, renal 
scarring or inflammatory changes (Smellie, 1995a). It is subjective and therefore operator-
dependent, and gives no information on renal function. However, scars can be identified, 
although not as well as with DMSA scanning (Pickworth et al., 1995).   
VCUG is considered mandatory in the evaluation of UTIs in children less than 1 year of age. 
Typically, the contrast study is chosen for the first study due to its greater anatomic detail, 
although the radionuclide cystography has been shown in some studies to have a higher 
sensitivity (Polito et al., 2000). Radionuclide cystography is performed by prolonging the 
period of scanning after the injection of DTPA or MAG-3 as part of a dynamic renography. 
It represents an attractive alternative to conventional cystography, especially when 
following patients with reflux, because of its lower dose of radiation. Radiation dose used 
for this technique is only 1 percent of that used for standart VCUG (Batisky, 1996). Its 
continuous monitoring is also more sensitive for identifying reflux than the intermittent 
flouroscopic monitoring of VCUG. Disadvantages are a poor image resolution and difficulty 
in detecting lower urinary tract abnormalities (De Sadeleer et al., 1994; Piaggio et al., 2003). 
While debate exists regarding the timing of a VCUG study, it is generally accepted that it 
can be performed once the child is afebrile and has a negative urine culture, because VUR 
may be the transient effect of infection (Mahant et al., 2001). Compliance also appears to be 
better when the VCUG is performed early after a UTI (McDonald et al., 2000). However, 
because of low sensitivity and specificity, and because VCUG involves gonadal irradiation 
and catheterization, its use in diagnosing VUR has been questioned (Ditchfield et al., 1994; 
Haycock, 1991). In recent years, tailored low-dose fluoroscopic VCUG has been used for the 
evaluation of VUR in girls in order to minimize radiological exposure (Kleinman et al., 
1994). VCUG is mandatory in the assessment of febrile childhood UTI, even in the presence 
of normal ultrasonography. Up to 23% of these patients may reveal VUR (Kass et al., 2000). 
It can be performed as a standard contrast study or with a radionuclide.  
Renal cortical scintigraphy has replaced IVU as the standard technique for the detection of 
renal inflammation and scarring (Eggli & Tulchinsky, 1993). Technetium-99m labeled DMSA 
is a radiopharmaceutical that is bound to the basement membrane of proximal renal tubular 
cells. This technique is highly sensitive and specific. This technique ensures an accurate 
diagnosis of cortical scarring by showing areas of hypoactivity indicating lack of function. 
DMSA scanning offers the advantages of earlier detection of acute inflammatory changes 
and permanent scars compared with US or IVU (Bircan et al., 1995; MacKenzie et al., 1994). 
It is also useful in neonates and patients with poor renal function. UTI interferes with the 
uptake of this radiotracer by the proximal renal tubular cells, and may show areas of focal 
defect in the renal parenchyma. A star-shaped defect in the renal parenchyma may indicate 
an acute episode of pyelonephritis. A focal defect in the renal cortex usually indicates a 
chronic lesion or a renal scar (Kass, 1994; Britton, 1998). A focal scarring or a smooth 
uniform loss of renal substance has generally been regarded as being associated with VUR 
(reflux nephropathy) (Rosenberg et al., 1992). The use of Tc-99m DMSA scans can be helpful 
in the early diagnosis of acute pyelonephritis. About 50-85% of children will show positive 
findings in the first week. Minimal parenchymal defects, when characterized by a slight area 
of hypoactivity, can resolve with antimicrobial therapy (Risdon et al., 1994). However, 
defects lasting longer than 5 months are considered to be renal scarring (Jakobsson & 
Svensson, 1997). CT is sensitive and specific for the detection of acute pyelonephritis, but CT 
is more expensive than scintigraphy and exposes the patient to higher levels of radiation, 
and its use is not supported by evidence. 
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Contrast material-enhanced voiding ultrasonography has been introduced for the diagnoses 
of VUR without irradiation (Westwood et al., 2005; Piaggio et al., 2003). Further studies are 
necessary to determine the role of this new imaging modality in UTI. 
When voiding dysfunction is suspected, e.g. incontinence, increased residual urine, 
increased bladder wall thickness, urodynamic evaluation with uroflowmetry and 
electromyography should be considered. 

11. Schedule of investigation  
Screening of infants for asymptomatic bacteriuria is unlikely to prevent pyelonephritic scar 
formation, as these usually develop very early in infancy. Only a minority of children with a 
UTI have an underlying urological disorder, but when present such a disorder can cause 
considerable morbidity. Thus, after a maximum of two UTI episodes in a girl and one 
episode in a boy, investigations should be, but not in the case of asymptomatic bacteriuria 
(Piaggio et al., 2003; Melis et al., 1992; Smellie 1995b). The need for DTPA/MAG-3 scanning 
is determined by the ultrasound findings, particularly if there is suspicion of an obstructive 
lesion. 

12. Treatment 
Therapeutic trials in children with UTI are rare and poorly controlled (Helwig, 1994). Thus, 
controversy regarding dosage or length of therapy with antimicrobials continues. 
Treatment’s goals are elimination of symptoms and eradication of bacteriuria in the acute 
episode, prevention of a recurrent UTI, prevention of renal scarring, and correction of 
associated urological lesions. Initial antibiotic therapy should be based on age, clinical 
severity, location of infection, presence of structural abnormalities, and allergy to certain 
antibiotics.  
Hospitalization is suggested for symptomatic young infants (less than three months of age) 
and all children with clinical evidence of acute severe pyelonephritis (high fever, toxic 
appearance, severe flank pain) (Berman, 1991). Parenteral fluid replacement and appropriate 
antimicrobial treatment, preferably with cephalosporins (third generation) should be given. 
In patients with an allergy to cephalosporins, aztreonam or gentamicin may be used. If a 
Gram-positive UTI is suspected by Gram stain, it is useful to administer aminoglycosides in 
combination with ampicillin or amoxycillin/clavulanate (Smellie, 1995b). Treatment 
generally begins with a broad-spectrum antibiotic, but it may need to be changed based on 
the results of urine culture and sensitivity testing.  
When the child becomes afebrile and is able to take fluids, he/she may be given an oral 
agent to complete the 10-14 days of treatment, which may be continued on an outpatient 
basis (Hoberman & Wald, 1997). The preferred oral antimicrobials are: trimethoprim (TMP), 
TMP plus sulphamethoxazole (co-trimoxazole), an oral cephalosporin, or 
amoxicillin/clavulanate. In children less than 3 years of age, who have difficulty taking oral 
medications, parenteral treatment for 7-10 days seems advisable, with similar results to 
those with oral treatment (Bloomfield et al., 2005). 
The choice of antibiotic may be affected by local resistance patterns and other 
considerations. Amoxicillin was traditionally the first-line therapy for outpatient treatment 
of UTI in children. However, increased rates of Escherichia coli resistance have made 
amoxicillin a less acceptable choice, and studies have found higher cure rates for co-
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trimoxazole (AAP, 1999). Fluoroquinolones are widely used in adult patients, although 
concerns about potential effects on musculoskeletal joint development based on animal data 
have restricted their use in young children. A recent review of the use of for pediatric UTI 
noted a high rate of efficacy among patients with complex medical conditions or multidrug 
resistance, although data on the safety of these agents are limited (Koyle et al., 2003). 
Fluoroquinolones may be used as second-line therapy in the treatment of serious infections 
(Grady, 2003). Chloramphenicol, sulphonamides, tetracyclines, rifampicin and amphotericin 
B should be avoided. The use of ceftriaxone must also be avoided due to its undesired side 
effect of jaundice.   
The duration of outpatient treatment for patients with a less toxic appearance and 
uncomplicated UTI (no systemic signs of infection) is also controversial (Zelikovic et al., 
1992) Evidence is lacking for the use of short-course therapy in children with UTI 
(Hellerstein, 1994). Oral empirical treatment with TMP, an oral cephalosporin or 
amoxycillin/clavulanate is recommended, according to the local resistance pattern. The 
duration of treatment in uncomplicated UTIs treated orally should be 5-7 days (Michael et 
al., 2003; Tran et al., 2001). A single parenteral dose may be used in cases of doubtful 
compliance and with a normal urinary tract (Khan, 1994). If the response is poor or 
complications develop, the child must be admitted to hospital for parenteral treatment 
(Hellerstein, 1995). 
There is no consensus regarding the treatment of pediatric candiduria. Measures include 
stopping antibiotics, removing or changing indwelling catheters, and antifungal therapy. 
Commonly used antifungal agents include oral fluconazole and parenteral or intravesical 
amphotericin B. In patients with obstruction or failure to improve with medical 
management, urgent percutaneous nephrostomy tube placement to drain the kidney may be 
needed. Additional measures include amphotericin B irrigation of the nephrostomy tube, or 
even nephrectomy in severe cases.  

13. Prophylaxis 
If there is an increased risk of pyelonephritis, e.g. VUR, and recurrent UTI, low-dose 
antibiotic prophylaxis is recommended (Smellie et al., 1988; Arant, 2001). It may also be used 
after an acute episode of UTI until the diagnostic work-up is completed. The most effective 
antimicrobial agents are: nitrofurantoin, TMP, cephalexin and cefaclor (Smellie et al., 1988). 

14. Conclusions 
UTI is a common pediatric problem with the potential to produce long-term morbidity. 
Renal parenchymal infection and scarring are well-established complications of UTI in 
children and can lead to renal insufficiency, hypertension and renal failure. The clinical 
presentation of UTI is variable. Young children presenting with fever may have nonspecific 
symptoms of UTI, and a high index of suspicion is appropriate in this setting. Although 
culture of the urine remains the gold standard for diagnosing and treating UTIs, technical 
considerations including method of collection of the urine as well as the time necessary for 
culture results remain problematic. The appropriate treatment of UTI is controversial and 
becomes more complex with the emergence of resistance to commonly used antibiotics. The 
length of antibiotic therapy for UTI in children is also an area of controversy. Therapeutic 
trials in children with UTI are rare and poorly controlled. Thus, controversy regarding 
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dosage or length of therapy with antimicrobials continues. The diagnostic work-up should 
be tailored to uncover functional and structural abnormalities such as dysfunctional 
voiding, VUR and obstructive uropathy. A more aggressive work-up, including renal 
cortical scintigraphy, ultrasound and voiding cystourethrography, is recommended for 
patients at greater risk for pyelonephritis and renal scarring, including infants less than one 
year of age and all children who have systemic signs of infection concomitant with a UTI. 
Antibiotic prophylaxis is used in patients with reflux or recurrent UTI who are at greater 
risk for subsequent infections and complications.  
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1. Introduction 
The prevalence of urinary tract infection (UTI) in febrile infants, young children and older 
children with urinary symptoms and/or fever is 7 to 8 percent and varies by age, race, sex, 
and circumcision status (1, 2, 3). White children have a two- to four-fold higher prevalence 
of UTI than black children. The same proportion can be found among girls and circumcised 
boys.  

2. Microbiology 
Eighty-five percent of UTI in children is caused by Escherichia coli (E. coli). Other gram-
negative bacteria include Klebsiella, Proteus, Pseudomonas, Enterobacter, and Citrobacter. 
Gram-positive bacteria include Staphylococcus saprophyticus, Enterococcus, and, rarely, 
Staphylococcus aureus. Non-E. coli UTI is more often associated with urinary tract 
anomalies, younger age, and previous antibiotic treatment (4). Viruses and fungi are 
uncommon causes of UTI in children (5, 6). 

3. Pathogenesis 
Most UTIs beyond the newborn period are the result of ascending infection, while only a 
minority of them result from bacteremia (7, 8). Bacterial–host interactions are major factors 
in UTI taking place, and occur when bacterial factors prevail over the hosts. 
Bacterial factors that interact with the host and can cause UTI include the ability to colonize 
the periurethral area, the ability to ascend into the bladder and kidneys, and the ability to 
generate inflammatory response. Colonization of the periurethral area by uropathogenic 
enteric pathogens is the first step in the development of UTI. The bacteria ascend into the 
bladder and kidneys by a variety of virulence factors. The best-studied virulence factors in 
E. coli are pili, hair-like appendages on the cell surface. Bacteria possessing pili can adhere 
effectively to the uroepithelium and ascend into the kidneys, even in children without 
vesicoureteric reflux (VUR). In the kidneys, the bacterial inoculum generates an intense 
inflammatory response, which may ultimately lead to renal scarring (9, 10). 
Young age (males younger than one year and females younger than four years), phymosis, 
female sex, white race, genetic factors, urinary tract obstruction, dysfunctional voiding, 
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VUR, sexual activity, and duration of bladder catheterization are some host factors 
influencing the predisposition to UTI in children (1-3, 11-18).  

4. Clinical presentation 
Children with UTI can present with various symptoms and signs, depending largely on the 
site of infection (lower or upper urinary tract) and the age of the child. Infants and young 
children can present with very nonspecific symptoms ranging from life-threatening 
urosepsis to asymptomatic bacteriuria, whereas the clinical presentation of UTI in older 
children can be very similar to that of adults. Fever, poor feeding, irritability, failure to 
thrive, conjugated hyperbilirubinemia, gastrointestinal symptoms, convulsions, 
hypotension, pallor and cyanosis are some nonspecific symptoms of UTI in infants. The 
symptoms of UTI in older children may include fever, urinary symptoms (dysuria, urgency, 
frequency, incontinence, macroscopic hematuria), and abdominal pain (19-21). The 
constellation of fever, chills, and flank pain is suggestive of pyelonephritis in older children 
(22). 

4.1 Clinical and laboratory evaluation 
The evaluation of a child with suspected UTI should include a history of the acute illness 
and relevant information from his/her past medical history about chronic urinary 
symptoms, chronic constipation, previous UTI, VUR, previous undiagnosed febrile illnesses, 
family history of frequent UTIs, VURs and other genitourinary abnormalities, antenatally 
diagnosed renal abnormality, elevated blood pressure, poor growth and, in sexually active 
girls, whether barrier contraception with spermicidal agents is used (23).  
Following the detailed history evaluation, a child should have a physical examination 
concentrating on his/her general well–being, including failure to thrive, body temperature, 
blood pressure, abdominal examination for tenderness and mass, assessment of suprapubic 
and costovertebral tenderness, examination of external genitalia for anatomic abnormalities, 
evaluation of the lower back for signs of occult myelodysplasia, and evaluation for other 
sources of fever.  
The laboratory evaluation of a child with suspected UTI should obligatorily include the 
collection of a urine sample for dip-stick and microscopic analysis and urine culture, the last 
being necessary to make the diagnosis of UTI.  
Obtaining a proper urine sample is of prime importance for the proper diagnosis of UTI in 
children. In general, there are invasive in noninvasive ways of obtaining urine samples in 
children. Suprapubic aspiration of the bladder and bladder catheterization are invasive 
procedures. Although the first is not without danger for the patient, it is the most accurate 
way of obtaining a urine sample. The second method is used only when a catheter is 
inserted into the bladder for other reasons, such as performing a cystography. We believe 
that both invasive procedures are not suitable for use in outpatient clinics, and should be 
strictly reserved for use in hospitals whenever needed. In toilet-trained children, the most 
widely used and preferred method of collecting urine is the noninvasive clean-catch. In 
infants and young children who are not toilet-trained, urine can be obtained in a urine bag. 
However, up to 85 percent of positive cultures from bag specimens give false-positive 
results, and therefore the results of urine cultures from bag specimens are useful only if they 
are negative (24). A better alternative to the urine bag is the urine collector designed by 
Kenda in 1993, which is actually a plastic, sterile, disposable urine collector that highly 
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resembles the urine bag, except for the plastic tube in which the final portion of urine is 
caught (25-27). The collector is attached via a self-adhesive strip in the same way as the 
urine bag. During micturition, urine flows through a funnel extending into a tube, which is 
encircled by a test tube, and flows further into a second chamber (urine bag). Urine is finally 
collected in the bag, except for the very last portion, which is caught in the test tube, free of 
contaminants from the urethra. The test tube is separated from the collector, sealed with a 
lid and sent to the laboratory (Figure 1). 
 

 
Fig. 1. The paediatric midstream urine collector. 

When a proper urine sample is obtained, it can be tested for significant bacteriuria with the 
following more or less reliable tests:  
 Dipstick analysis — Dipstick tests are convenient, inexpensive, require little training 

for proper usage, and may be the only test available in some settings. However, they do 
not have a sufficiently high specificity and sensitivity for detecting UTI to replace the 
urine culture (28). The most suggestive for UTI on dipstick analysis is the presence of 
leukocyte esterase and nitrite. The presence of leukocyte esterase is suggestive of UTI, 
but does not always signal a true UTI. A child with a positive nitrite test is likely to 
have UTI, since the nitrite test is highly specific and has a low false-positive rate. 
However, false-negative results are common, because urine needs to remain in the 
bladder for at least four hours to accumulate a detectable amount of nitrite. Thus, the 
negative nitrite test does not exclude UTI. 
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site of infection (lower or upper urinary tract) and the age of the child. Infants and young 
children can present with very nonspecific symptoms ranging from life-threatening 
urosepsis to asymptomatic bacteriuria, whereas the clinical presentation of UTI in older 
children can be very similar to that of adults. Fever, poor feeding, irritability, failure to 
thrive, conjugated hyperbilirubinemia, gastrointestinal symptoms, convulsions, 
hypotension, pallor and cyanosis are some nonspecific symptoms of UTI in infants. The 
symptoms of UTI in older children may include fever, urinary symptoms (dysuria, urgency, 
frequency, incontinence, macroscopic hematuria), and abdominal pain (19-21). The 
constellation of fever, chills, and flank pain is suggestive of pyelonephritis in older children 
(22). 

4.1 Clinical and laboratory evaluation 
The evaluation of a child with suspected UTI should include a history of the acute illness 
and relevant information from his/her past medical history about chronic urinary 
symptoms, chronic constipation, previous UTI, VUR, previous undiagnosed febrile illnesses, 
family history of frequent UTIs, VURs and other genitourinary abnormalities, antenatally 
diagnosed renal abnormality, elevated blood pressure, poor growth and, in sexually active 
girls, whether barrier contraception with spermicidal agents is used (23).  
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Obtaining a proper urine sample is of prime importance for the proper diagnosis of UTI in 
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procedures. Although the first is not without danger for the patient, it is the most accurate 
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inserted into the bladder for other reasons, such as performing a cystography. We believe 
that both invasive procedures are not suitable for use in outpatient clinics, and should be 
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widely used and preferred method of collecting urine is the noninvasive clean-catch. In 
infants and young children who are not toilet-trained, urine can be obtained in a urine bag. 
However, up to 85 percent of positive cultures from bag specimens give false-positive 
results, and therefore the results of urine cultures from bag specimens are useful only if they 
are negative (24). A better alternative to the urine bag is the urine collector designed by 
Kenda in 1993, which is actually a plastic, sterile, disposable urine collector that highly 

Urinary Tract Infection in Children – Onset of a New Era? 287 

resembles the urine bag, except for the plastic tube in which the final portion of urine is 
caught (25-27). The collector is attached via a self-adhesive strip in the same way as the 
urine bag. During micturition, urine flows through a funnel extending into a tube, which is 
encircled by a test tube, and flows further into a second chamber (urine bag). Urine is finally 
collected in the bag, except for the very last portion, which is caught in the test tube, free of 
contaminants from the urethra. The test tube is separated from the collector, sealed with a 
lid and sent to the laboratory (Figure 1). 
 

 
Fig. 1. The paediatric midstream urine collector. 

When a proper urine sample is obtained, it can be tested for significant bacteriuria with the 
following more or less reliable tests:  
 Dipstick analysis — Dipstick tests are convenient, inexpensive, require little training 

for proper usage, and may be the only test available in some settings. However, they do 
not have a sufficiently high specificity and sensitivity for detecting UTI to replace the 
urine culture (28). The most suggestive for UTI on dipstick analysis is the presence of 
leukocyte esterase and nitrite. The presence of leukocyte esterase is suggestive of UTI, 
but does not always signal a true UTI. A child with a positive nitrite test is likely to 
have UTI, since the nitrite test is highly specific and has a low false-positive rate. 
However, false-negative results are common, because urine needs to remain in the 
bladder for at least four hours to accumulate a detectable amount of nitrite. Thus, the 
negative nitrite test does not exclude UTI. 
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 Microscopic exam – A microscopic examination requires more equipment and training 
than dipstick tests. In standard microscopy, a centrifuged sample of unstained urine is 
examined for white blood cells (WBC) and bacteria. When performed in this way, 
pyuria is defined as ≥5 WBC/high power field (hpf) and bacteriuria as the presence of 
any bacteria per hpf. The sensitivity of the standard microscopic examination 
conducted using a centrifuged urine specimen is at best 81 percent.  

 Urine culture – Quantitative urine culture is the gold standard for diagnosing UTI, and 
should be performed in any child with suspected UTI before antibiotic treatment is 
started.  

There are other laboratory tests that can help to diagnose UTI in children, but are not 
particularly helpful. These include:  
 Markers of inflammation – Elevated peripheral white blood cell (WBC), erythrocyte 

sedimentation rate (ESR), C-reactive protein (CRP), and procalcitonin (PCT) are 
indicators of an acute inflammatory process. These markers are associated with upper 
urinary tract infection. Even though they do not always reliably differentiate between 
children with cystitis and children with pyelonephritis, we believe that a febrile child 
with elevated markers of inflammation and culture proven UTI does not need a 
dimercaptosuccinic acid renal scan (DMSA) to prove acute pyelonephritis.  

 Serum creatinine — Measurement of serum creatinine is not routinely necessary in 
children with suspected UTI. However, it should be measured in children with a 
history of multiple UTI and suspected renal involvement.  

 Blood culture — Bacteremia occurs in 4 to 9 percent of infants with UTI (29, 30). Fever 
in bacteremic infants with UTI persists, on average, one day longer than in non-
bacteremic infants with UTI (31). However, a positive blood culture does not alter 
management, except for the length of treatment, in the vast majority of children because 
the organisms isolated from the blood and urine are usually identical. Blood culture 
should be routinely performed in the neonatal period, and thereafter it should be taken 
on the basis of clinical judgment.  

 Lumbar puncture — Infants under 1 month of age with fever and a positive urinalysis 
should have a lumbar puncture performed; approximately 1 percent of infants with UTI 
also have bacterial meningitis (32).  

5. Diagnosis 
In a child with suspected UTI, a urine sample should be taken. The methods of obtaining a 
proper urinary sample are described in the previous section (Clinical and laboratory 
evaluation). The urine sample should be cultured, since a urinary culture of properly 
collected urine sample is the standard test for UTI diagnosis. A positive urinary culture or 
significant bacteriuria is defined as 100,000 or more colony-forming units (CFU)/ml of urine 
taken with a clean-catch, urine bag, or urine collector. The number may be lower in small 
children, who empty the bladder more frequently, and any bacterial growth in urine taken 
by suprapubic aspiration of the bladder signifies a significant bacteriuria. When culturing 
urine samples, one may encounter logistic problems. Not all doctors have the possibility of 
sending a urine sample to the microbiology laboratory at any time of the day. Urine samples 
can be stored at 4 degrees Celsius up to 24 hours and sent to the laboratory once daily, while 
on the other hand many logistic problems can be solved with the use of semi-quantitative 
dip-slide urine cultures. These are cheap accessories of different manufacturers, composed 
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of a sterile pot containing a bar covered with an agar for bacterial growth. All bacteria can 
grow on one side of the agar (agar CLED), while the other side is designed for the growth of 
gram negative bacteria (agar MacConkey). In addition to agar CLED and MacConkey, there 
is a special agar for Echerichia coli in a semi-quantitative dip-slide urine culture named 
Uricult-trio (Figure 2). Due to their many advantages, semi-quantitative urine cultures are 
very useful in private medical examinations, as well as in welfare centers and hospitals. 
Compared to quantitative urine cultures, they are several folds cheaper, do not require 
transport to the microbiology laboratory, are easy to handle, and the results can easily be 
interpreted and read in 18 to 24 hours. If these are positive, the bar can be sent to a 
microbiology laboratory for exact isolation and identification of bacteria with an 
antibiogram. 
 

 
Fig. 2. Uricult-trio. 

6. Diferential diagnosis 
A differential diagnosis in a child with suspected UTI includes all diseases that present with 
fever, failure to thrive, abdominal pain, or urinary symptoms (urgency, frequency, dysuria). 
The older the child, the easier it is to differentiate between upper and lower UTI.  

7. Treatment 
Prompt recognition and treatment of UTI are important factors in the prevention of renal 
scarring. The site of UTI (upper or lower), general welfare of a child and his/her age are 
major factors that dictate management. There is, however, no doubt that in young children 
who are at increased risk for UTI on the basis of demographic and clinical factors, as well as 
in children with underlying urologic abnormalities, treatment should be started 
immediately after urine was taken for culture and before the results are obtained. Treatment 
can be postponed only in cases when the child is well, has little or no symptoms of UTI, and 
the urine results (dipsticks analysis, microscopic examination) are uncertain. In such cases, 



Urinary Tract Infections 288 

 Microscopic exam – A microscopic examination requires more equipment and training 
than dipstick tests. In standard microscopy, a centrifuged sample of unstained urine is 
examined for white blood cells (WBC) and bacteria. When performed in this way, 
pyuria is defined as ≥5 WBC/high power field (hpf) and bacteriuria as the presence of 
any bacteria per hpf. The sensitivity of the standard microscopic examination 
conducted using a centrifuged urine specimen is at best 81 percent.  

 Urine culture – Quantitative urine culture is the gold standard for diagnosing UTI, and 
should be performed in any child with suspected UTI before antibiotic treatment is 
started.  

There are other laboratory tests that can help to diagnose UTI in children, but are not 
particularly helpful. These include:  
 Markers of inflammation – Elevated peripheral white blood cell (WBC), erythrocyte 

sedimentation rate (ESR), C-reactive protein (CRP), and procalcitonin (PCT) are 
indicators of an acute inflammatory process. These markers are associated with upper 
urinary tract infection. Even though they do not always reliably differentiate between 
children with cystitis and children with pyelonephritis, we believe that a febrile child 
with elevated markers of inflammation and culture proven UTI does not need a 
dimercaptosuccinic acid renal scan (DMSA) to prove acute pyelonephritis.  

 Serum creatinine — Measurement of serum creatinine is not routinely necessary in 
children with suspected UTI. However, it should be measured in children with a 
history of multiple UTI and suspected renal involvement.  

 Blood culture — Bacteremia occurs in 4 to 9 percent of infants with UTI (29, 30). Fever 
in bacteremic infants with UTI persists, on average, one day longer than in non-
bacteremic infants with UTI (31). However, a positive blood culture does not alter 
management, except for the length of treatment, in the vast majority of children because 
the organisms isolated from the blood and urine are usually identical. Blood culture 
should be routinely performed in the neonatal period, and thereafter it should be taken 
on the basis of clinical judgment.  

 Lumbar puncture — Infants under 1 month of age with fever and a positive urinalysis 
should have a lumbar puncture performed; approximately 1 percent of infants with UTI 
also have bacterial meningitis (32).  

5. Diagnosis 
In a child with suspected UTI, a urine sample should be taken. The methods of obtaining a 
proper urinary sample are described in the previous section (Clinical and laboratory 
evaluation). The urine sample should be cultured, since a urinary culture of properly 
collected urine sample is the standard test for UTI diagnosis. A positive urinary culture or 
significant bacteriuria is defined as 100,000 or more colony-forming units (CFU)/ml of urine 
taken with a clean-catch, urine bag, or urine collector. The number may be lower in small 
children, who empty the bladder more frequently, and any bacterial growth in urine taken 
by suprapubic aspiration of the bladder signifies a significant bacteriuria. When culturing 
urine samples, one may encounter logistic problems. Not all doctors have the possibility of 
sending a urine sample to the microbiology laboratory at any time of the day. Urine samples 
can be stored at 4 degrees Celsius up to 24 hours and sent to the laboratory once daily, while 
on the other hand many logistic problems can be solved with the use of semi-quantitative 
dip-slide urine cultures. These are cheap accessories of different manufacturers, composed 

Urinary Tract Infection in Children – Onset of a New Era? 289 

of a sterile pot containing a bar covered with an agar for bacterial growth. All bacteria can 
grow on one side of the agar (agar CLED), while the other side is designed for the growth of 
gram negative bacteria (agar MacConkey). In addition to agar CLED and MacConkey, there 
is a special agar for Echerichia coli in a semi-quantitative dip-slide urine culture named 
Uricult-trio (Figure 2). Due to their many advantages, semi-quantitative urine cultures are 
very useful in private medical examinations, as well as in welfare centers and hospitals. 
Compared to quantitative urine cultures, they are several folds cheaper, do not require 
transport to the microbiology laboratory, are easy to handle, and the results can easily be 
interpreted and read in 18 to 24 hours. If these are positive, the bar can be sent to a 
microbiology laboratory for exact isolation and identification of bacteria with an 
antibiogram. 
 

 
Fig. 2. Uricult-trio. 

6. Diferential diagnosis 
A differential diagnosis in a child with suspected UTI includes all diseases that present with 
fever, failure to thrive, abdominal pain, or urinary symptoms (urgency, frequency, dysuria). 
The older the child, the easier it is to differentiate between upper and lower UTI.  

7. Treatment 
Prompt recognition and treatment of UTI are important factors in the prevention of renal 
scarring. The site of UTI (upper or lower), general welfare of a child and his/her age are 
major factors that dictate management. There is, however, no doubt that in young children 
who are at increased risk for UTI on the basis of demographic and clinical factors, as well as 
in children with underlying urologic abnormalities, treatment should be started 
immediately after urine was taken for culture and before the results are obtained. Treatment 
can be postponed only in cases when the child is well, has little or no symptoms of UTI, and 
the urine results (dipsticks analysis, microscopic examination) are uncertain. In such cases, 



Urinary Tract Infections 290 

the results of urine culture are awaited before treating the child, and the urine culture is 
repeated. Children with asymptomatic bacteriuria should be treated as long urinary tract 
anomalies are not excluded with an appropriate history, clinical evaluation and urinary tract 
imaging; thereafter they are treated only if they are symptomatic.  
Antibiotics are given as a specific treatment to eliminate infection and prevent urosepsis, 
while supportive treatment with fluids and antipyretics is also of great importance in 
relieving acute symptoms. Immediately after urine is taken for culture, the type of antibiotic 
and the mode of its administration are chosen on the grounds of empirical assumptions 
about causative bacteria, a knowledge of its resistance, a knowledge of preceding treatment 
and, above all, on the basis of the child’s clinical condition and his/her laboratory results. 
When the results of urine culture are available, antibiotic treatment is adapted accordingly.  
In general, most UTIs in children can be treated successfully in 7 to 14 days (33). Shorter 
treatment is appropriate only in children older than 5 years with proven lower UTI, 
provided they do not have any urinary tract anomalies.  
The decision to hospitalize a child with UTI depends largely on the child’s age, the site of 
UTI (upper or lower), and the child’s general well-being. Infants should always be treated in 
hospital, since many of them are bacteremic and septic (7, 8). The same is true of all other 
children with acute pyelonephritis if they are very ill and show clinical signs of urosepsis, 
immunocompromised patients, patients who vomit or are unable to tolerate oral 
medication, and patients who fail to respond to outpatient therapy or if there is a lack of 
adequate outpatient follow-up (34, 35). When these children get better, the antibiotic 
treatment can be continued and finished orally at home. 
Empiric antibiotic therapy for UTI in children should include an antibiotic that provides 
adequate coverage for E. coli. The agent of choice should, however, be guided by local 
resistance patterns. Second- and third-generation cephalosporins (eg, cefprozil, 
cefpodoxime, cefixime, cefotaxime, ceftriaxone) and aminoglycosides (eg, gentamicin, 
amikacin) are appropriate first-line agents for the empiric treatment of UTI in children. 
However, these drugs are not effective in treating Enterococcus and should not be used for 
patients in whom enterococcal UTI is suspected (eg, those with a urinary catheter in place, 
instrumentation of the urinary tract, or an anatomical abnormality). In such patients, 
amoxicillin or ampicillin should be added. 
There is no firm consensus on the usage of the antibiotic prophylaxis and its duration. The 
available proof does not justify its broad usage. Moreover, a growing number of reports 
advise against it, and recommend its usage only in selected groups of patients in whom 
there is no proof of its inefficacy. In such cases, it seems wise to use it until the condition for 
which it was taken subsides. Taking into account the above mentioned, prophylaxis is still 
prescribed to the following groups of children (36): 
 children after their first UTI until urinary tract imaging is performed, 
 children who are at risk for renal scarring and/or urosepsis (these include children with 

VUR, especially if it is high-grade, children who are very young or already have scars; 
other risk factors are also recidivated UTI or obstructive uropathy), 

 children with infected kidney stones, 
 children without urinary tract anomalies, but with very disturbing, recidivated lower 

UTI. 
The antibiotics used in small doses once daily (in the evening) for long-term prophylaxis 
are: trimetoprim-sulfomethoxason, nitrofurantoin and, rarely, cefaclor or amoxicillin with 
clavulanic acid (in infants) (37).   
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8. Management of children after urinary tract infection 
Children with UTI should be investigated after their first UTI for possible urinary tract 
anomalies. The extent of investigations depends largely upon the age of the child, 
micturation habits and history of possible voiding dysfunction. 
In recent decades, a significant change in the management of children after UTI has 
occurred. It was long believed that vesicoureteric reflux (VUR) of infected urine or even 
sterile VUR of high grade per se can lead to renal scarring and progressive chronic kidney 
disease (38-40). Lately, however, such a role of VUR has been questioned by many authors 
(41-50). It is no wonder that the diagnostic algorithm for children after UTI has changed, and 
it is hard to expect that a unified approach can be unanimously agreed upon. Those who 
believe that VUR as such is an important risk factor for renal scarring still favor its detection 
in all children after proven UTI (51). On the other hand, there is a growing number of 
pediatric nephrologists who prefer screening for scars (mostly using a 99mTc-
dimercaptosuccinic acid renal scan (DMSA)), and recommend cystography (preferably X-
ray voiding cystourethrography (VCUG)) only in those cases where renal scarring has been 
confirmed (41-50). Regardless which approach one finds closer to one’s opinion, there 
should nevertheless be general agreement that the ongoing search for patient-friendly 
investigations should be an imperative in taking care of the children in question. In 
addition, when in doubt whether a child benefits from our knowledge of an existing 
problem, the decision to perform the procedure in question seems more justified when it is 
simple, painless, radiation-free and noninvasive.  
There is really no data to support the assertion that all children after UTI require 
investigation; however, there is also no convincing data to support the assertion that they do 
not. Until this dilemma is solved, we believe that all children after UTI still deserve 
investigation where, in a growing number of cases, ultrasonography (US) and investigations 
using US techniques appear to be sufficient.  

9. Management of children after urinary tract infection with emphasis on 
detection of vesicoureteric reflux 
The chronological development of techniques for VUR detection is schematically presented 
in Figure 3.  
Twenty years ago, X-ray voiding cystourethrography (VCUG) was the only method for VUR 
detection and until not long ago it was considered a gold standard method. In order to 
diminish the radiation burden on patients, radionuclide voiding cystography (RVC) was 
introduced some 15 years ago. Unfortunately, in spite of its lower radiation burden and 
confirmed better sensitivity, it has not replaced VCUG in all justified cases. It was only with 
the development of new echo contrast agents that echo-enhanced voiding urosonography 
(VUS) was offered as an alternative. So far, numerous studies have confirmed that its 
sensitivity and specificity are high enough to allow it to be introduced as a routine method 
(52-56). It should be noted that this was the first method with no radiation at all, while the 
fact that catheterization is still necessary, as in VCUG and RVC, posed a drawback to those 
who strongly opposed catheterization as such. It was therefore not surprising that various 
investigators were vigorously searching for a noninvasive (catheter-free) method that would 
still provide all the necessary information regarding VUR. Till now, a number of such 
methods for VUR detection have been described, i.e. noninvasive radionuclide voiding 
cystography, noninvasive voiding urosonography, measurement of midline to orifice 
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distance, Color Flow Doppler ultrasonography, and Ureteric jet Doppler Waveform (UJDW) 
measurement.  
 

 
VUR – vesicoureteric reflux, VCUG – X-ray voiding cystourethrography, RVC – radionuclide voiding 
cystography, VUS – echo-enhanced voiding urosonography, NVUS – noninvasive voiding 
urosonography, MOD – midline to orifice distance measurement, CFDU – Color Flow Doppler 
ultrasonography, UJDW – Ureteric jet Doppler Waveform measurement, US – ultrasonography 

Fig. 3. Schematic presentation of the chronological development of techniques for 
vesicoureteric reflux detection.  

Noninvasive radionuclide voiding cystography. This method is based on the use of dynamic 
renography, and is performed following a dynamic renogram when the child voids 
spontaneously; a contrast appearing in the kidney suggests VUR (57). Although this is a 
catheter-free method for VUR detection, it still poses a certain radiation burden to the 
patient, has relatively low sensitivity, requires venepuncture with intravenous application 
of a contrast medium, and is more or less a »side-product« of dynamic renography, which 
does not appear to be the first line investigation when looking for VUR. 
All other noninvasive methods for VUR detection are based on the use of US and are 
therefore radiation-free.  
Noninvasive voiding urosonography.  An increase in the antero-posterior diameter of the 
collecting system during and/or after voiding is suggested to be an indirect sign of VUR in 
noninvasive voiding urosonography. This method was shown to be sensitive enough only 
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in detecting high grade VUR. It could probably be used for detecting VUR in toilet-trained 
children, but at this point there is not sufficient data to recommend it as a routine method 
for this purpose (58-61). 
Measurement of midline to orifice distance. It was suggested that this method be used as an 
indirect predictor of VUR due to the well-known fact that ureters with more laterally placed 
ureteric orifices are more likely to be affected by VUR than ureters with orifices that are 
placed more medially. In spite of being the simplest and the quickest method for VUR 
detection, data are unfortunately lacking to define a reliable cut-off point suggesting VUR 
(62, 63). 
Color Flow Doppler ultrasonography. This method detects any reversal flow from the bladder 
into the distal ureter as a change in color on the monitor. It was shown to have a relatively 
high overall sensitivity, while the fact that it must be performed during voiding renders the 
procedure applicable only in toilet-trained children (63-67).  
Ureteric jet Doppler Waveform  measurement. In this method, the shape of UJDW is used to 
predict VUR. At this point, it seems to be the most promising of the above-mentioned 
methods, especially as a screening method in a two-stage protocol in detecting VUR. If one 
were to proceed from UJDW measurement to VUS only in those cases where UJDW 
measurement was indicative for VUR, a considerable number of children over 3 years of age 
would be spared from one of the invasive micturating cystographies (68-71).  
The replacement of VCUG with RVC and finally with VUS presents a significant 
improvement in diminishing the radiation burden on patients, while the catheter-free 
procedures presenting a “final solution” remain to be validated. From here on, more studies 
are needed to define the exact role of each of the latest noninvasive (catheter-free) methods 
for VUR detection.  

10. Management of children after urinary tract infection with emphasis on the 
detection of vesicoureteric reflux through its consequences (renal scarring) 
The chronological development of techniques for VUR detection through its consequences 
(renal scarring) is schematically presented in Figure 4.  
In the eighties, intravenous urography was considered the gold standard for renal scar 
detection, and it was recommended that it be performed in every child together with VCUG 
after UTI (72). Later on, it was almost completely substituted by DMSA, and is nowadays 
recognized as an obsolete method for this purpose due to the radiation hazard and side 
effects caused by the contrast medium. At the same time, the role of VUR as a predisposing 
factor for renal scarring has been questioned by many pediatric nephrologists. It was 
therefore suggested that VUR should be looked for (mostly using VCUG) only in those cases 
where renal scars had been confirmed by DMSA. The latter is recognized as the most 
sensitive method for renal scar detection (73-75), but it unfortunately involves a relatively 
high radiation load for the patient and can only be performed in nuclear medicine 
departments. However, even when following this protocol, which differs significantly from 
the one described above, a less invasive and user friendly approach can be achieved. There 
are reports confirming that US, a harmless and widely available method, can be used as a 
safe and efficient substitute for DMSA in the detection and follow-up of children with renal 
scars (76, 77). These papers are based on the assumption that although US is less sensitive 
than DMSA in detecting renal scars, it might well be the other way around, namely, that 
DMSA is too sensitive and detects scars that are too small to be clinically significant, while 
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distance, Color Flow Doppler ultrasonography, and Ureteric jet Doppler Waveform (UJDW) 
measurement.  
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US is sensitive enough to detect clinically significant scars. This assumption was proved by 
stratifying DMSA results according to the extent of renal scarring, and correlating them to 
clinical parameters suggestive of renal impairment in our latest studies (76, 77). 
Furthermore, when one follows this protocol, which suggests VCUG only in those children 
with proven scars, we believe there is enough evidence supporting the statement that the 
sensitivity and specificity of VUS is high enough for it to replace VCUG (52, 56).  In other 
words, DMSA could be replaced by US and VCUG by VUS, while the role of new, catheter-
free US techniques for VUR detection, as already described, has yet to be validated.  

11. Conclusions 
Urinary tract infections (UTI) are common and still an important clinical problem in 
children. Most UTIs beyond the newborn period are the result of ascending infection, 
while only a minority of them result from bacteremia. Bacterial–host interactions are major 
factors in the pathogenesis of UTI.  
Children with UTI can present with various symptoms and signs that may be very 
nonspecific, especially in infants and young children, depending largely on the site of 
infection (lower or upper urinary tract) and the age of the child.  
Prompt recognition and treatment of UTI are important factors in the prevention of renal 
scarring. The gold standard method of proving UTI is a positive urine culture of a properly 
obtained urine sample. Antibiotics are given as a specific treatment, while fluids and 
antipyretics are given as a supportive treatment. 
Children with UTI should be investigated after their first UTI for possible urinary tract 
anomalies. The extent of investigations depends largely on the age of the child, his/her 
micturation habits and history of possible voiding dysfunction. In recent decades, a 
significant change in the management of children after UTI has occurred. There is no data to 
support the assertion that all children after UTI require investigation; however, there is also 
no convincing data to support the assertion that they do not. Until this dilemma is solved, 
we believe that all children after UTI still deserve investigation, where, in a growing number 
of cases, ultrasonography (US) and investigations using US techniques appear to be 
sufficient.  
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factors in the pathogenesis of UTI.  
Children with UTI can present with various symptoms and signs that may be very 
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infection (lower or upper urinary tract) and the age of the child.  
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scarring. The gold standard method of proving UTI is a positive urine culture of a properly 
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significant change in the management of children after UTI has occurred. There is no data to 
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1. Introduction 
Urinary tract infection is common in children. Before the age of 6 months; boys are more 
susceptible to UTI than girls thereafter, the incidence is substantially higher in girls than in 
boys .Up to 11.3% of girls and 3.6% of boys studied in UK will have had an UTI by age 
16years .UTI is usually caused by gram-negative organisms, especially Escherichia coli 
which accounts for about 80% of all pathogens. Proteus is more common in boys. (1, 2)  
In childhood, upper UTI with 5.3% prevalence rate, are one of the most important causes of 
hospitalization. Although acute pyelonephritis might presents with fever, lethargy, 
anorexia, and vomiting but there are no certain specific diagnostic laboratory tests and 
clinical symptoms for diagnosis of UTI (1, 2) 
Untreated upper UTI can produce severe renal damages. Delay in treatment of acute 
pyelonephritis increases the risk of kidney damage. Complications of acute pyelonephritis 
include intra renal and peri renal abscess. Early diagnosis and treatment of urinary tract 
infection in children is important (3, 4)  
Recurrent UTI is defined as a further infection by a new organism. Relapsing UTI is defined 
as a further infection with the same organism. (1-5) 
Uncomplicated UTI infection requires no imaging and often shows no imaging 
abnormalities. Children who fail to respond to treatment or are severely ill need imaging 
evaluation (11) Obstructive anomalies are found in up to 4%, and vesico ureteral reflux in 
8% to 40% of those with first urinary tract infection. Acute pyelonephritis and reflux are two 
synergistic factors in the destruction of kidneys of children (1-5) 
In children, vesico ureteral reflux of infected urine is the most common cause of chronic 
pyelonephritis and chronic interstitial nephritis. Intra renal reflux induces reflux 
nephropathy, progressive renal injury and cortical scarring. Reflux nephropathy usually 
observed as a focal cortical scar that overlies a blunted calyx in the upper pole of kidney (11) 
Imaging findings in children with reflux nephropathy is similar to chronic pyelonephritis in 
adults. Both type of nephropathy are best demonstrated on IVP or US and CT as classically 
lobar, with normal lobes with normal calyces interposed between diseased lobes. (11-17) CT 
is more sensitive than Ultrasound in demonstrating subtle changes in the renal parenchyma 
associated with uncomplicated pyelonephritis. CT is normal in some patients with mild 
uncomplicated pyelonephritis. Complications such as renal or peri renal abscess are well 
demonstrated by CT or US (17)   
Although imaging studies have been considered after the diagnosis of a first urinary tract 
infection, the effect of such studies on outcome has been unclear. Recently, low radiation 
procedures recommended for diagnosis of VUR (18) 
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Urinary tract infections accounting for a considerable percentage of antibiotic prescriptions 
in some countries (18-30) 
The prevalence of resistant gram negative organisms is increased during last decade (19, 20) 
The first febrile uncomplicated UTI in children is caused by E coli in 70% to 90% of cases. In 
recent studies a high rates of resistant uropathogens (other than E coli) to various 
antimicrobial agents in children received prophylactic antibiotics prophylaxis (21-24). So a 
high level of diagnostic accuracy is essential in view of the increasing prevalence of 
antibiotic resistance. 

2. UTI diagnosis  
The normal urinary tract is sterile. UTI is defined by pure growth of more than 10 5 colony 
forming units of bacteria per ml of urine.Urine culture is the gold standard for the diagnosis 
of UTI ,but negative urine culture reported in up to 60 to 80% of UTI cases and urine culture 
is time-consuming (4, 5) In urine sample obtained by suprapubic aspiration any growth of 
urinary pathogens is clinically important. (6) 
Upon Schmiemann et al opinion differentiating UTI from asymptomatic bacteriuria, which 
usually requires no treatment, can lower the frequency of unnecessary antibiotic 
prescriptions (7) Rapid urine tests, such as microscopy with Gram stain, for bacteria and 
white cells, and dipsticks, for leucocyte esterase and nitrites often used for diagnosis (6-7) 
In recent years, fast screening methods that can reduce the necessity for urine cultures 
studied by some authors .The Sysmex UF-1000i is a urine flow cytometer that uses two 
separate channels for counting blood cells and bacteria such as microscopic examination and 
culture. (8-11) 
Broeren et al reported the high percentage of false-negative results in screened negative 
urine samples with the sysmex UF-1000i urine flow cytometer. Broeren et al did not warrant 
the UF-1000i as a screening analyzer. (8)Indeed van der Zwet et al did not recommend urine 
flow cytometer for use in complicated patient populations, such as neutropenic patients and 
patients in whom yeast infection is suspected (9) Manoni et al studied 214 untreated urine 
samples using the Sysmex UF-1000i and compared with results obtained from quantitative 
manual microscopy using the Fuchs-Rosenthal counting chamber. They concluded 
automated urine particle analysis is sufficiently precise and improves the workflow in a 
routine laboratory (10) Williams et al determined that accuracy of microscopy for white cells 
is no better than that of dipstick. Up to 10% of children with a urinary tract infection had 
negative rapid tests. Rapid test cannot replace urine culture (11) 

2.1 Diagnostic imaging studies 
Acute pyelonephritis and reflux diagnosed by several imaging methods; ultrasonography, 
IVP, VCUG , CT , Doppler , DMSC scintigraphy and MRU. Danger of exposure to radiation 
is important in patients.Renal ultrasonography and renal scanning at the time of the acute 
illness are of limited value, because they do not provide information that modifies 
management (12-18) 

3. Renal ultrasonography  
Ultrasonography is a noninvasive test which routinely performed after the diagnosis of a 
first UTI.US has replaced IVP for evaluating the size and shape of the kidneys but is not 
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sensitive enough to detect the presence of hydronephrosis, hydroureter, acute 
pyelonephritis, or renal scarring (11) VUR which affects approximately 30 to 40 percent of 
young children cannot be consistently detected by US has been an important consideration 
in ultrasonography.  

3.1 IVP (IV pyelography) 
Excretory urography, the traditional method of imaging the kidneys replaced by non 
invasive and safe methods in last decades. However, US, CT, MR all provide better images 
of the renal parenchyma. 

3.2 VCUG 
VCUG is used to identify children with vesicoureteral reflux currently performed any time 
after three to four days of therapy. 
Vesicoureteral reflux was graded according to the classification system of the international 
reflux international study committee. Prophylactic therapy recommended in children with 
at least grade ii VUR.  
Otokesh et al compared voiding urosonography  or cystosonography with radio nucleotide 
cystography for evaluation of VUR (12). Sensitivity and specifity of voiding urosonography 
was 87% and 88%, respectively, with a 94% positive predictive value and a 77% negative 
predictive value. It concluded that voiding urosonography is a highly accurate, safe and 
inexpensive tool for the screening, diagnosis and follow-up of VUR.  

3.3 Renal DMSA scans 
Acute pyelonephritis was defined by the presence of focal or diffuse areas of decreased 
uptake of labeled DMSA without evidence of cortical loss or by the presence of diffusely 
decreased uptake in an enlarged kidney (15).  
DMSA scans obtained at presentation and six months later identify children with acute 
pyelonephritis and renal scarring. The degree of scarring was assessed quantitatively by 
outlining the scarred area (15).  
The accuracy of renal artery resistive index (RI) in doppler ultrasonography with DMSA 
scan and VCUG for diagnosis of APN and reflux in pediatrics patients were assessed and 
compared. There is a significant relationship between increased RI and the severity of renal 
involvement.  

3.4 MRU 
In recent years, Dynamic gadolinium –MRU as a new alternative imaging method with free 
of radiation hazards presented by some authors. (16-18).  
Dynamic gadolinium DTPA-enhanced MR urography has been shown to give high-quality 
views of the morphology of the obstructed urinary tract and an accurate evaluation of 
urinary excretion (17). 
Zarabi et al observed good agreement between MRU and DMSA scan in results of 
IVP&VCUG. No agreement presented between MRU and DMSA scan with ultra 
sonographic studies. So, dynamic MRU might be a valuable method in diagnosis of urinary 
tract anomalies like as hydronephrosis, obstractive uropathy, congenital malformation, 
pyelonephritis, renal scar (18). 
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sensitive enough to detect the presence of hydronephrosis, hydroureter, acute 
pyelonephritis, or renal scarring (11) VUR which affects approximately 30 to 40 percent of 
young children cannot be consistently detected by US has been an important consideration 
in ultrasonography.  

3.1 IVP (IV pyelography) 
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invasive and safe methods in last decades. However, US, CT, MR all provide better images 
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3.2 VCUG 
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predictive value. It concluded that voiding urosonography is a highly accurate, safe and 
inexpensive tool for the screening, diagnosis and follow-up of VUR.  
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uptake of labeled DMSA without evidence of cortical loss or by the presence of diffusely 
decreased uptake in an enlarged kidney (15).  
DMSA scans obtained at presentation and six months later identify children with acute 
pyelonephritis and renal scarring. The degree of scarring was assessed quantitatively by 
outlining the scarred area (15).  
The accuracy of renal artery resistive index (RI) in doppler ultrasonography with DMSA 
scan and VCUG for diagnosis of APN and reflux in pediatrics patients were assessed and 
compared. There is a significant relationship between increased RI and the severity of renal 
involvement.  

3.4 MRU 
In recent years, Dynamic gadolinium –MRU as a new alternative imaging method with free 
of radiation hazards presented by some authors. (16-18).  
Dynamic gadolinium DTPA-enhanced MR urography has been shown to give high-quality 
views of the morphology of the obstructed urinary tract and an accurate evaluation of 
urinary excretion (17). 
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The contrast medium used in MRU is also less toxic and with fewer adverse effects than the 
radiographic contrast medium used in conventional IVP .Although the economic aspect is 
still problematic and needing for sedation, it is obvious that MR urography will continue to 
increase its role in clinical uro radiology. MR imaging offers a potential to reduce the need 
for invasive retrograde pyelography. (16-18) 

4. UTI Treatment 
UTI is caused by E. coli in over 80% of cases and treatment is a course of antibiotics. The uro 
pathogens other than E coli in the gastrointestinal tract were selected while children were 
receiving antibiotic prophylaxis (1-4).  
Due to acute illness caused by UTI and the risk of pyelonephritis-induced permanent kidney 
damage, many children are given long-term antibiotics for reducing the recurrence (5-7) The 
risk of delayed versus early treatment of acute pyelonephritis in children is not well defined 
and renal scarring would be investigated (8) The prophylactic antibiotic was not effective in 
reducing bacterial colonization of the prepuce. Some uro pathogens might have come from 
the external genitalia (19-20). 

4.1 Modes of antibiotic administration 
The optimal route for antibiotic therapy oral (PO) or intravenous (IV) versus intramuscular 
administration is not clear. Consensus guidelines from the 1990s still recommend IV 
antibiotics. (1-5) 
The American Academy of Pediatrics recommended early antibiotic treatment, given 
parenterally if necessary in febrile infants and young children suspected of having a UTI  
(1-4). 
Treatment failure for generally healthy young infants hospitalized with utis is uncommon 
and is not associated with the duration of intravenous antibiotic treatment. Severity of 
illness and the presence of known abnormalities of the genitourinary tract, but not young 
age, were associated with increased risk for treatment failure. (3, 4) 
As intravenous antibiotic therapy is associated with side effects, toxicity, high cost, and long 
hospitalization period in treatment of UTIs (4,5) Switch therapy (intravenous-to-oral 
antibiotic) has been considered . Clinicians should consider PO antibiotics for these children 
who are nontoxic and have close parental and follow-up care. Treating more infants with 
short-course intravenous antibiotic therapy would decrease the length of hospitalization for 
children and families without affecting the readmission rate. (5, 6) 
Recently, the national institute for health and clinical excellence published treatment 
guidelines advocating PO antibiotics in uncomplicated patients as young as three months of 
age controlled trials for choice of antibiotics in children with acute pyelonephritis. There are 
no data on PO antibiotics for UTIs in infants younger than one month of age due to higher 
risks of bacteremia, meningitis and nonspecific findings, these children would benefit from 
conservative IV antibiotics. (1-5)  
Some authors reported no different results for renal scarring and serious adverse events 
between IV and PO antibiotic groups. PO antibiotic therapy for children with UTIs has the 
advantages of ease and cost over IV therapy. (24-30) 
The lack of association between the length of intravenous antibiotic therapy and subsequent 
treatment failure reported in recent years. In a prospective, randomized trial the incidence of 
renal scars was similar in patients who received 3 days compared 8 days of intravenous 
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ceftriaxone. Increased renal height at initial ultrasound examination and grade 3 VUR were 
significant risk factors for renal scars. (28-30)  
Hodson et al identified po antibiotics appear to be as effective as initial IV antibiotics for 
UTIs in children older than one month of age with no known structural urological 
abnormality. (24) 
Perri et al reported the oral antibiotics equivalent to intravenous antibiotics for the initial 
management of pyelonephritis in children .Two nuclear radiologists interpreted the renal 
scans independently and resolved any discrepancies by consensus. (27)  
VUR rather than antibiotic choices might affect renal scarring. There was no risk difference 
in renal scarring between treatment groups, despite the presence of VUR. However, these 
children have a higher risk of renal scarring than children without VUR. (28-30)   
The standard antibiotic therapy was sequential IV cefotaxime or ceftriaxone for three days, 
followed by cefixime , amoxi -clavulanate or ceftibutin for either seven days or 11 days 
versus the same total duration with po antibiotics alone. (25-30) 
Noorbakhsh et al (2004) compared the efficacy and safety of ceftriaxone with switch to 
cefixime, 8 mg/kg once a day with aminoglycoside therapy in urinary tract infections. 
Response rate in cases with switch therapy was higher than children treated with 
intravenous aminoglycoside (88% vs. 80%; p value = 0.82). Most of those patients had a 
favorable clinical/microbiologic response assessment at the 7 days post therapy. (25) 
Mertz et al (26) reported the  acceptable rate of response both clinically and 
microbiologically in children, who received ceftriaxone with switch to cefixime.   
Cefixime, ceftibuten and amoxicillin / clavulanic acid recommended for oral antibiotics, or 
with short courses (2 to 4 days) of IV therapy followed by oral therapy. If IV therapy is 
chosen, single daily dosing with aminoglycosides is safe and effective. (25-30) 
Cefixime is a third-generation oral cephalosporin that is highly active against a broad range 
of gram-negative and some gram-positive aerobic bacteria, and has a low rate of side effects.  
On the basis of the literature data, cefixime could be indicated in the treatment of UTIs in 
children either as monotherapy or as switch therapy. (25, 26) 
Resistance to common PO antibiotics may be greater in UTI cases with prophylactic drugs 
(21-30)  Several risk factors explained for the emergence of resistant organisms, including 
underlying genitourinary  tract abnormalities, in-hospital treatment of UTI (19,20) previous 
antibiotic exposure, history of previous UTI. (21-23 ) 

5. UTI management 
The prevention of renal scars by early and appropriate antibiotics is essential. (1, 2)APN can 
induce irreversible renal scars, with a risk for hypertension or chronic renal failure at long-
term follow-up. (3, 4)  
In all children with a previous febrile urinary tract infection, the routine performance of 
urinalysis, urine culture, or both during subsequent febrile illnesses is needed. (4-10) 
However, different approaches to management considered on age of children: children 
under 1 year; young children (1–4, 5, or 7 years, depending on the information source); and 
older children (up to 12–16 years). [12-18]  
Approximately 60 to 65 percent of imaging studies will be abnormal in children younger 
than 2 years who have a first febrile UTI (12-14).Currently DMSA scans, is the best way to 
detect renal scars, the percentage of residual renal scars after first APN episode has been 
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risks of bacteremia, meningitis and nonspecific findings, these children would benefit from 
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Some authors reported no different results for renal scarring and serious adverse events 
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UTIs in children older than one month of age with no known structural urological 
abnormality. (24) 
Perri et al reported the oral antibiotics equivalent to intravenous antibiotics for the initial 
management of pyelonephritis in children .Two nuclear radiologists interpreted the renal 
scans independently and resolved any discrepancies by consensus. (27)  
VUR rather than antibiotic choices might affect renal scarring. There was no risk difference 
in renal scarring between treatment groups, despite the presence of VUR. However, these 
children have a higher risk of renal scarring than children without VUR. (28-30)   
The standard antibiotic therapy was sequential IV cefotaxime or ceftriaxone for three days, 
followed by cefixime , amoxi -clavulanate or ceftibutin for either seven days or 11 days 
versus the same total duration with po antibiotics alone. (25-30) 
Noorbakhsh et al (2004) compared the efficacy and safety of ceftriaxone with switch to 
cefixime, 8 mg/kg once a day with aminoglycoside therapy in urinary tract infections. 
Response rate in cases with switch therapy was higher than children treated with 
intravenous aminoglycoside (88% vs. 80%; p value = 0.82). Most of those patients had a 
favorable clinical/microbiologic response assessment at the 7 days post therapy. (25) 
Mertz et al (26) reported the  acceptable rate of response both clinically and 
microbiologically in children, who received ceftriaxone with switch to cefixime.   
Cefixime, ceftibuten and amoxicillin / clavulanic acid recommended for oral antibiotics, or 
with short courses (2 to 4 days) of IV therapy followed by oral therapy. If IV therapy is 
chosen, single daily dosing with aminoglycosides is safe and effective. (25-30) 
Cefixime is a third-generation oral cephalosporin that is highly active against a broad range 
of gram-negative and some gram-positive aerobic bacteria, and has a low rate of side effects.  
On the basis of the literature data, cefixime could be indicated in the treatment of UTIs in 
children either as monotherapy or as switch therapy. (25, 26) 
Resistance to common PO antibiotics may be greater in UTI cases with prophylactic drugs 
(21-30)  Several risk factors explained for the emergence of resistant organisms, including 
underlying genitourinary  tract abnormalities, in-hospital treatment of UTI (19,20) previous 
antibiotic exposure, history of previous UTI. (21-23 ) 

5. UTI management 
The prevention of renal scars by early and appropriate antibiotics is essential. (1, 2)APN can 
induce irreversible renal scars, with a risk for hypertension or chronic renal failure at long-
term follow-up. (3, 4)  
In all children with a previous febrile urinary tract infection, the routine performance of 
urinalysis, urine culture, or both during subsequent febrile illnesses is needed. (4-10) 
However, different approaches to management considered on age of children: children 
under 1 year; young children (1–4, 5, or 7 years, depending on the information source); and 
older children (up to 12–16 years). [12-18]  
Approximately 60 to 65 percent of imaging studies will be abnormal in children younger 
than 2 years who have a first febrile UTI (12-14).Currently DMSA scans, is the best way to 
detect renal scars, the percentage of residual renal scars after first APN episode has been 
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shown to vary between 25% and 60%(15) Parenchymal defects on DMSA reported in 36% of 
all involved kidneys and at least one scarred kidney in 59% of children with VUR. VUR was 
a weak predictor of renal damage in children admitted to hospital. Local or systemic 
immune problems are factors in the development of UTI. (14) 
VUR runs in families. The incidence of reflux ranged from 26% in asymptomatic siblings to 
86% in symptomatic (UTI) siblings in compare with a rate of less than 1% in the general 
population. No clear link has yet been established between specific genes and an adverse 
outcome. (14, 15) 

5.1 Prophylactic treatment 
A widespread practice has been to initiate long-term prophylactic antimicrobial therapy in 
children found to have VUR (1, 2) The currently recommended antibiotics, including co - 
trimoxazole, nitrofurantoin, and nalidixic acid or amoxicillin- clavulanate (5-7). Greater 
antimicrobial resistance observed in patients receiving antibiotic prophylaxis (21-23) Except 
in 1 study, with co- trimoxazole prophylaxis , decreased antimicrobial susceptibilities were 
as prominent as those in children receiving cephalexin or cefaclor prophylaxis. (19-23)  
Although concerns have existed that VUR may be a risk factor for recurrent UTIs, recent 
findings had not showed an increased risk of treatment failure (eg recurrence of fever or 
positive urine culture) in children with VUR. (21-30) 
Attitudes toward the use of prophylactic antibiotics had changed during last decade. 
Previous empirical approach, which has recently been questioned, was based on an 
international study conducted in the 1980s that compared medical management (i.e 
prophylactic antimicrobial therapy) with surgical management of VUR and did not include 
an observation group as a control. A meta - analyses in prevention and treatment of UTI had 
done. The useful ness of empirical prophylactic antimicrobial therapy had not confirmed  by 
Masson et al study. (22)  
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1. Introduction 
Post-inflammatory nephropathy is a progressive renal scarring which may be a consequence 
of one or more episodes of acute pyelonephritis.  
Macroscopically, post-inflammatory nephropathy leads to gradual decrease in kidney size 
and deformity and dilation of pelvicalyceal system. These alternations are due to 
tubulointerstitial fibrosis and glomerular sclerosis followed by renal parenchymal atrophy 
and kidney cirrhosis development (Bernstein, 1994). It was demonstrated that there was 
positive correlation between severity of renal scarring and loss of renal function 
(Eddy et al., 2000; Eddy, 2000). 
Post-inflammatory nephropathy is the leading cause of end-stage renal failure. In Europe, 
children with end-stage renal failure due to post-inflammatory nephropathy constitutes 10-
24% of those on renal replacement therapy (Broyer et al., 1993). 
The development of post-inflammatory nephropathy is influenced by age and gender of 
patient, the number of acute pyelonephritis episodes, the presence of anatomical and/or 
functional urinary system abnormalities, the virulence of invading pathogen, the time of 
appropriate treatment initiation and genetic predisposition. 
The majority of studies demonstrated that the risk of renal scarring decreases with age and 
is highest in children in the first year of life (Hansson et al., 1999; Vernon et al., 1997; Arant, 
1991; Benador et al., 1997; Smellie et al.,1998; Sheu et al., 2009). This may be related to the 
correction of anatomical and/or functional urinary system abnormalities and the decrease in 
susceptibility of renal parenchyma to infection due to defense mechanisms maturation 
(Benador et al., 1997; Rushton et al.,1992). Dissimilar results were obtained by Pecile et al. 
(2009). The authors showed that the lowest risk of renal scarring after first episode of febrile 
urinary tract infection was in children in the first year of life and the highest one - in 
children aged 5 -14 years.  
It was also demonstrated that the male gender is an independent risk factor for renal 
scarring (Silva et al., 2009; Mohanan et al., 2008). 
The risk of post-inflammatory nephropathy development increases with the number of acute 
pyelonephritis episodes. Renal scarring develops in 15% of children after the first episode of 
acute pyelonephritis. After two episodes of acute pyelonephritis renal scarring occurs in 35% 
of children and after three or more episodes – in 60% of children. The study by  Orellana et al. 
(2004) showed that one episode of pyelonephritis caused permanent renal parenchymal injury 
in 55.9% of children whereas recurrent urinary tract infection – in 72.6% of children. 
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Anatomical and functional abnormalities of urinary system particularly predispose to post-
inflammatory nephropathy development, although renal scarring may occur after acute 
pyelonephritis in children without these abnormalities (Gordon et al., 1987; Vanderfaeillie et 
al., 1998). 
Numerous studies emphasized the significance of invading pathogen virulence for post-
inflammatory nephropathy development. P, I and F1C fimbriae of Escherichia coli give rise to 
secretion of interleukins 6 and 8 by uroepithelial cells (Backhed et al., 2001; Hedlund et al., 
1996, 2001). In addition, lipopolysaccharides of Gram-negative bacteria stimulate the release 
of cytotoxic nitric oxide and proinflammatory cytokines (Backhed et al., 2001; De Man et al., 
1989; Traylor & Mayeux, 1997) whereas lipid A stimulates synthesis of nitric oxide (Traylor 
& Mayeux, 1997). Alfa-hemolysins of Escherichia coli give rise to cytolysis (Uhlen et al., 2000) 
and induce apoptosis of tubular cells (Chen et al., 2003, 2004]. 
Immediate initiation of appropriate therapy is of utmost importance in prevention of renal 
scarring development. Antibacterial treatment initiated within 24 hours prevents migration 
of neutrophils to inflammatory foci (Ransley & Risdon, 1981). A delay in initiation of 
therapy increases the risk of renal scarring from 5% to over 15%. 
In numerous studies, the importance of genetic predisposition to renal scarring was  
emphasized. An association between polymorphism of angiotensin-converting enzyme gene 
and renal scarring was demonstrated (Haszon et al., 2002; Hohenfellner et al., 1999; Ohtomo 
et al., 2001; Ozen et al., 1999; Pardo et al., 2003). Similarly,  polymorphism of transforming 
growth factor β gene (Kowalewska-Pietrzak et al., 2008; Hussein et al., 2010) and 
polymorphism of vascular endothelium growth factor gene (Hussein et al., 2010) had impact 
on severity of renal scarring. 
Post-inflammatory nephropathy may be classified into reflux nephropathy due to vesico-
ureteral reflux and obstructive nephropathy due to urinary tract obstruction (Marra et al., 
2004; Orikasa et al., 1995; Smellie et al., 1981).  

2. Pathogenesis of post-inflammatory nephropathy 
Pathogenesis of post-inflammatory nephropathy is complex and not fully understood 
(Fig.1). In the last years, the investigators paid particular attention to the role of molecular 
factors in initiation and progression of post-inflammatory nephropathy. Numerous studies 
concerning molecular mechanisms leading to renal scarring were published (Eddy, 2000; 
Eddy et al., 2000; Guroze et al., 2005; Jahnukainen et al., 2005; Lane et al., 2002, Nath, 1998; 
Solari et al., 2004; Strutz et al., 1995,1996,1999, 2003; Weiss et al., 1994). The process of renal 
scarring may be divided into four phases:  induction, fibrogenic signaling, fibrogenic, and 
destructive phases (Eddy, 2000). Induction phase is also known as cellular activation and 
injury phase. The interstitial space is infiltrated by both neutrophils and monocytes. In acute 
inflammation, the migration of neutrophils is primarily observed whereas in chronic 
inflammation monocytes predominate.  
Neutrophils release numerous cytokines, lysosomal enzymes and free oxygen radicals. In 
addition, neutrophils may activate fibroblasts directly or indirectly via release of elastase 
and thus they participate in fibrogenic process (Bailey, 1973;  Kishimoto & Harano, 1988).  
Monocytes transform into macrophages which also participate in fibrogenic process (Lane et 
al., 2002; Nath, 1998). Solari et al. (2004) demonstrated that in reflux nephropathy, an 
increase in number of mastocytes was observed. Mastocytes produce numerous cytokines 
among others profibrogenic transforming growth factor β (TGF-β) and basic fibroblast 
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Fig. 1. Pathogenesis of post-inflammatory nephropathy. 

growth factor (bFGF). In addition, mastocytes produce enzymes – tryptase and chymase. 
Tryptase stimulates type I collagen production by fibroblasts whereas chymase releases 
TGF-β from inactive complexes and converts angiotensin I to angiotensin II. This suggests 
participation of mastocytes in fibrogenic process.  
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Inflammatory infiltration cells produce other cytokines such as interleukins 1, 6, 8 (IL-1, IL-6, 
IL-8) and tumor necrosis factor α (TNF-α).  
The study by Wolfs et al. (2002) demonstrated that Toll-like receptors-2,-4 (TLR-2, TLR-4) 
were responsible for defense response during acute pyelonephritis. Activated by 
endogenous danger signals TLR-2 expression is also of significance in induction of 
inflammation during progressive renal injury (Leemans et al.,  2009). 
During acute interstitial inflammation activated tubular cells directly participate in 
activation of myofibroblasts and fibroblasts (Abbate et al., 2002; Alpers et al., 1994; Roberts 
et al., 1997) and produce monocyte chemoattractant protein-1 (MCP-1) (Okada et al., 2000), 
endothelin-1 (ET-1) (Bruzzi et al., 1997),  angiotensin II causing vasoconstriction, and 
transferrin (Chen et al., 1998) activating free oxygen radicals (Chertin et al., 2002). 
As a result of acute interstitial inflammation expression of novel antigens on tubular cells 
occurs and these new antigens stimulate an immune response of lymphocyte T which 
enhances inflammation and progression of nephropathy (Szeto et al., 2005).  
In addition, tubular cells and fibroblasts transform into myofibroblasts. This process is 
called epithelial-mesenchymal transformation or transition (EMT). Numerous authors 
confirmed the possibility of EMT (Oldfield et al., 2001; Rastaldi et al., 2002; Strutz et al., 1995; 
Zeisberg et al., 2001).  Myofibroblast, unlike typical interstitial fibroblasts,  are characterized 
by their expression of the myocyte protein α-smooth muscle actin. These cells are 
considerably more profibrotic than interstitial fibroblasts.  
During acute interstitial inflammation activation of complement system via classic and 
alternative pathway is also observed. C3a and C5a component are known to be chemotactic 
for monocytes. There is evidence for participation of complement system in inflammatory 
infiltration formation, tubular atrophy and tubulointerstitial fibrosis (Nangaku et al., 1999).  
In pathogenesis of chronic interstitial inflammation leukocyte adhesion molecules such as 
integrins, selectins and members of the immunoglobulin superfamily (intercellular adhesion 
molecules – ICAMs and vascular cell adhesion molecules – VCAMs) seem to play a crucial 
role but details remain unclear.  ICAMs, VCAMs and osteopontin are chemoattractant for 
monocytes (Okada et al., 2000; Ricardo et al., 1996). 
An early phase of acute interstitial inflammation is reversible provided that nociceptive 
factor is eliminated (Eddy, 2000; Eddy et al., 2000). 
In fibrogenic signaling phase, numerous fibrogenic factors are released, including TGF-β1, 
tissue growth factor (TGF), angiotensin II, ET-1, platelet growth factor (PDGF-BB), bFGF, 
TNF-α, and IL-1. Fibrogenic factors activate their cognate receptors expressed by 
tubulointerstitial cells and subsequent extracellular matrix accumulation along tubular 
basement membranes and within the interstitial space occurs. 
In fibrogenic phase, fibrogenic factors activate a new group of genes that lead to excessive 
accumulation of extracellular matrix proteins and polysaccharides within the interstitial 
space (Beck-Schimmer et al., 1998; Pichler et al., 1996). In this phase, disequilibrium between 
extracellular matrix production and its degradation is observed. 
A main cause of impairment of extracellular matrix remodeling and degradation is a 
decrease in activity of metalloproteinases (MMP) due to induction of tissue inhibitors of 
metalloproteinases (TIMP). Four major TIMP have been identified (TIMP-1, TIMP-2, TIMP-
3, and TIMP-4). In the majority of progressive renal diseases,  marked induction of TIMP-1 is 
observed (Chromek et al., 2003,2004; Eddy et al., 2000; Kim et al., 2001). Within kidney, 
TIMP-1 is produced by tubular  cells, fibroblasts and macrophages. Production of TIMP-1 is 
stimulated by growth factors (TGF-β1, TGF-α, epithelial growth factor (EGF), PDGF, TNF-
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α), interleukins (IL-1, IL-6, IL-10), oncostatin M, endotoxin and thrombin. Recently, the 
induction of plasminogen activator inhibitor-1 (PAI-1) in progressive renal diseases was 
documented. This may suggest its participation in tubulointerstitial fibrosis. PAI-1 is 
produced by tubular cells, fibroblasts and myofibroblasts. Its expression is induced by TGF-
β, EGF, PDGF, TNF-α and bFGF  (as cited in Eddy, 2000). 
In destructive phase, a gradual loss of functioning nephrons occurs as a result of excessive 
accumulation of extracellular matrix. Glomerular sclerosis, peritubular capillaries and 
tubular atrophy lead to progressive renal failure (Orphanides et al., 1997; Seron et al., 1990). 
TGF-β, TNF-α, IL-1β, IL-6 and IL-8 seem to play a major role in renal scarring. 

Transforming growth factor β (TGF-β) 

TGF-β is released primarily by macrophages, neutrophils, lymphocytes and platelets. TGF-β 
is produced as an inactive complex with LAP (latent associated protein) and LTBP (latent TGF-
β binding protein) which are components of extracellular matrix. These proteins have 
potential to store and release of TGF-β. Five isoforms of TGF-β (TGF-β 1-5) have been 
identified. In mammalians, only TGF-β 1-3 are found. Active TGF-β is a homodimeric 25kD 
protein. Within kidneys numerous factors increase TGF-β expression, including angiotensin 
II, endothelin I, interleukin 1β, platelet activating factor (PAF), thromboxane, 
thrombospondin, glucose, insulin, atrial natriuretic peptide (ANP), secreted protein acidic 
and rich in cysteine (SPARC), and hypoxia (Pichler et al., 1996). Increased TGF-β expression 
in kidneys is also caused by TNF-α and connective tissue growth factor (CTGF) (Zhang 
et.al., 2004). In addition, proteoglycans accumulated within the interstitial space may be a 
reservoir of TGF-β. 
TGF-β stimulates production of proinflammatory cytokines (IL-1, IL-6, IL-8 and TNF-α). It is 
known to be chemotactic for monocytes, neutrophils, and fibroblasts. TGF-β stimulates 
production of extracellular matrix proteins such as fibronectin, collagen and proteoglycans. 
In addition, it increases expression of TIMPs. This contributes to depressed activity of MMP 
and stabilization of extracellular matrix (Boettinger & Bitzer, 2002; Boettinger et al., 1997; 
Broder et al., 1994; Cotton et al., 2002; Deng et al., 2006; Fan et al., 1999; Goumneos et al., 
2002; Guo et al., 1997; Jahnukainen et al., 2005; Korzon et al., 2004; Lane et al., 2002; Liapis, 
2003). Poncelet & Schnaper (1998) documented that TGF-β stimulates production of collagen 
I, III and IV by mesangial cells. Experimental studies on transgenic mice showed that 
overexpression of TGF-β resulted in glomerular and interstitial fibrosis (Kelly et al., 1999). In 
experimental model of ureteral obstruction (Shinozaki et al., 1998) and in proteinuric state 
(Jernigan et al., 1996), overexpression of the type II receptor for TGF-β gave rise to increased 
accumulation of collagen within the interstitial space. 
TGF-β induces EMT (Fan et al., 1999; Ng et al., 1998) and inhibits apoptosis of 
myofibroblasts (Zhang & Phan,1999; Fan et al., 1999; Frazier et al., 2000). In addition, TGF-β 
induces apoptosis of endothelial cells. This results in peritubular and glomerular capillaries 
atrophy followed by fibrosis (Choi & Ballermann, 1995; Kang et al., 2002; Ohashi et al., 
2000). TGF-β is also known to induce apoptosis of tubular cells leading to tubular atrophy 
with subsequent fibrosis (Dai et al.,2003; Gobe & Axelsen,1987; Kopp et al., 1996; Lane et al., 
2002; Ortiz et al., 1997; Sanderson et al., 1995).  
Experimental studies demonstrated increased TGF-β mRNA expression during infection 
with Escherichia coli (Khalil et al., 2000). Increased urinary TGF-β excretion was showed in 
children with urinary tract infection (Farmaki et al., 2005). 
An association between TGF-β gene polymorphism and susceptibility to renal scarring was 
observed. Solari et al. (2005) documented that the risk of reflux nephropathy was higher in 
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enhances inflammation and progression of nephropathy (Szeto et al., 2005).  
In addition, tubular cells and fibroblasts transform into myofibroblasts. This process is 
called epithelial-mesenchymal transformation or transition (EMT). Numerous authors 
confirmed the possibility of EMT (Oldfield et al., 2001; Rastaldi et al., 2002; Strutz et al., 1995; 
Zeisberg et al., 2001).  Myofibroblast, unlike typical interstitial fibroblasts,  are characterized 
by their expression of the myocyte protein α-smooth muscle actin. These cells are 
considerably more profibrotic than interstitial fibroblasts.  
During acute interstitial inflammation activation of complement system via classic and 
alternative pathway is also observed. C3a and C5a component are known to be chemotactic 
for monocytes. There is evidence for participation of complement system in inflammatory 
infiltration formation, tubular atrophy and tubulointerstitial fibrosis (Nangaku et al., 1999).  
In pathogenesis of chronic interstitial inflammation leukocyte adhesion molecules such as 
integrins, selectins and members of the immunoglobulin superfamily (intercellular adhesion 
molecules – ICAMs and vascular cell adhesion molecules – VCAMs) seem to play a crucial 
role but details remain unclear.  ICAMs, VCAMs and osteopontin are chemoattractant for 
monocytes (Okada et al., 2000; Ricardo et al., 1996). 
An early phase of acute interstitial inflammation is reversible provided that nociceptive 
factor is eliminated (Eddy, 2000; Eddy et al., 2000). 
In fibrogenic signaling phase, numerous fibrogenic factors are released, including TGF-β1, 
tissue growth factor (TGF), angiotensin II, ET-1, platelet growth factor (PDGF-BB), bFGF, 
TNF-α, and IL-1. Fibrogenic factors activate their cognate receptors expressed by 
tubulointerstitial cells and subsequent extracellular matrix accumulation along tubular 
basement membranes and within the interstitial space occurs. 
In fibrogenic phase, fibrogenic factors activate a new group of genes that lead to excessive 
accumulation of extracellular matrix proteins and polysaccharides within the interstitial 
space (Beck-Schimmer et al., 1998; Pichler et al., 1996). In this phase, disequilibrium between 
extracellular matrix production and its degradation is observed. 
A main cause of impairment of extracellular matrix remodeling and degradation is a 
decrease in activity of metalloproteinases (MMP) due to induction of tissue inhibitors of 
metalloproteinases (TIMP). Four major TIMP have been identified (TIMP-1, TIMP-2, TIMP-
3, and TIMP-4). In the majority of progressive renal diseases,  marked induction of TIMP-1 is 
observed (Chromek et al., 2003,2004; Eddy et al., 2000; Kim et al., 2001). Within kidney, 
TIMP-1 is produced by tubular  cells, fibroblasts and macrophages. Production of TIMP-1 is 
stimulated by growth factors (TGF-β1, TGF-α, epithelial growth factor (EGF), PDGF, TNF-
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α), interleukins (IL-1, IL-6, IL-10), oncostatin M, endotoxin and thrombin. Recently, the 
induction of plasminogen activator inhibitor-1 (PAI-1) in progressive renal diseases was 
documented. This may suggest its participation in tubulointerstitial fibrosis. PAI-1 is 
produced by tubular cells, fibroblasts and myofibroblasts. Its expression is induced by TGF-
β, EGF, PDGF, TNF-α and bFGF  (as cited in Eddy, 2000). 
In destructive phase, a gradual loss of functioning nephrons occurs as a result of excessive 
accumulation of extracellular matrix. Glomerular sclerosis, peritubular capillaries and 
tubular atrophy lead to progressive renal failure (Orphanides et al., 1997; Seron et al., 1990). 
TGF-β, TNF-α, IL-1β, IL-6 and IL-8 seem to play a major role in renal scarring. 

Transforming growth factor β (TGF-β) 

TGF-β is released primarily by macrophages, neutrophils, lymphocytes and platelets. TGF-β 
is produced as an inactive complex with LAP (latent associated protein) and LTBP (latent TGF-
β binding protein) which are components of extracellular matrix. These proteins have 
potential to store and release of TGF-β. Five isoforms of TGF-β (TGF-β 1-5) have been 
identified. In mammalians, only TGF-β 1-3 are found. Active TGF-β is a homodimeric 25kD 
protein. Within kidneys numerous factors increase TGF-β expression, including angiotensin 
II, endothelin I, interleukin 1β, platelet activating factor (PAF), thromboxane, 
thrombospondin, glucose, insulin, atrial natriuretic peptide (ANP), secreted protein acidic 
and rich in cysteine (SPARC), and hypoxia (Pichler et al., 1996). Increased TGF-β expression 
in kidneys is also caused by TNF-α and connective tissue growth factor (CTGF) (Zhang 
et.al., 2004). In addition, proteoglycans accumulated within the interstitial space may be a 
reservoir of TGF-β. 
TGF-β stimulates production of proinflammatory cytokines (IL-1, IL-6, IL-8 and TNF-α). It is 
known to be chemotactic for monocytes, neutrophils, and fibroblasts. TGF-β stimulates 
production of extracellular matrix proteins such as fibronectin, collagen and proteoglycans. 
In addition, it increases expression of TIMPs. This contributes to depressed activity of MMP 
and stabilization of extracellular matrix (Boettinger & Bitzer, 2002; Boettinger et al., 1997; 
Broder et al., 1994; Cotton et al., 2002; Deng et al., 2006; Fan et al., 1999; Goumneos et al., 
2002; Guo et al., 1997; Jahnukainen et al., 2005; Korzon et al., 2004; Lane et al., 2002; Liapis, 
2003). Poncelet & Schnaper (1998) documented that TGF-β stimulates production of collagen 
I, III and IV by mesangial cells. Experimental studies on transgenic mice showed that 
overexpression of TGF-β resulted in glomerular and interstitial fibrosis (Kelly et al., 1999). In 
experimental model of ureteral obstruction (Shinozaki et al., 1998) and in proteinuric state 
(Jernigan et al., 1996), overexpression of the type II receptor for TGF-β gave rise to increased 
accumulation of collagen within the interstitial space. 
TGF-β induces EMT (Fan et al., 1999; Ng et al., 1998) and inhibits apoptosis of 
myofibroblasts (Zhang & Phan,1999; Fan et al., 1999; Frazier et al., 2000). In addition, TGF-β 
induces apoptosis of endothelial cells. This results in peritubular and glomerular capillaries 
atrophy followed by fibrosis (Choi & Ballermann, 1995; Kang et al., 2002; Ohashi et al., 
2000). TGF-β is also known to induce apoptosis of tubular cells leading to tubular atrophy 
with subsequent fibrosis (Dai et al.,2003; Gobe & Axelsen,1987; Kopp et al., 1996; Lane et al., 
2002; Ortiz et al., 1997; Sanderson et al., 1995).  
Experimental studies demonstrated increased TGF-β mRNA expression during infection 
with Escherichia coli (Khalil et al., 2000). Increased urinary TGF-β excretion was showed in 
children with urinary tract infection (Farmaki et al., 2005). 
An association between TGF-β gene polymorphism and susceptibility to renal scarring was 
observed. Solari et al. (2005) documented that the risk of reflux nephropathy was higher in 
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patients with -509CT and Leu10Pro genotypes. Khalil et al. (2005) showed that 
homozygosity for -509T and Arg25 resulted in more rapid progression of renal failure 
whereas patients with -800GA genotype were less susceptible to renal scarring (Cotton et al., 
2002). 
Numerous studies confirmed a significant participation of TGF-β in pathogenesis of 
obstructive nephropathy (Blom et al., 2001; Chevalier, 2004; Duncan et al., 1999; Kaneto et 
al., 1999; Klahr & Morrissey, 1998, 2002, 2003;  Sato et al., 2003; Schnaper et al., 2003). In this 
type of nephropathy, increased angiotensin II production is observed and angiotensin II 
enhances TGF-β expression. Thus angiotensin II plays a key role in initiating of 
tubulointerstitial fibrosis in obstructive nephropathy. Recently, in patients with 
ureteropelvic junction obstruction, increased urinary TGF-β excretion was observed 
(Almodhen et al., 2009, Sager et al., 2009).  
Tumor necrosis factor α (TNF-α) 

TNF-α also known as cachectin is produced by several cells within kidneys, including 
proximal tubular cells, mesangial cells, interstitial fibroblasts and macrophages. The most 
potent stimulus for TNF-α production is lipopolysaccharides of Gram-negative bacteria. 
TNF-α stimulates production of proinflammatory cytokines (IL-1 and Il-6) by macrophages 
and increases macrophages cytotoxicity. In addition, it is known to be chemotactic for 
fibroblasts and stimulates their proliferation. TNF-α has also antifibrotic effects because it 
enhances collagenase activity and inhibits collagen gene expression. In addition, TNF-α 
diminishes activity of TIMP and increases production of  latent MMP-9 (Nee et al., 2004). 
Profibrogenic effects of TNF-α was confirmed in study by Guo et al. (1999). The authors 
demonstrated less severe renal scarring in mice genetically deficient of receptors specific for 
TNF-α. In addition, TNF-α contributes to renal scarring by releasing IL-1β and TGF-β from 
inflammatory infiltration cells (Jahnukainen et al., 2005). Recently, experimental study 
demonstrated less severe renal scarring in rats with nephritis when monoclonal antibodies 
against TNF-α were administered (Khan et al., 2005). Wolfs et al. (2002) showed that TNF-α 
induced overexpression of TLR-2 and -4. TNF-α contributes to the development of 
obstructive nephropathy. Overexpression of TNF-α is due to increased angiotensin II 
secretion observed in upper urinary tract obstruction. 
Interleukin 1 (IL-1) 
IL-1 is one of the major regulator inflammatory and immune reactions. It may be produced 
by several cells within the kidney, including macrophages, mesangial cells, endothelial cells 
and macrophages. It is also known to be chemotactic for neutrophils and monocytes. Other 
activities of IL-1 include: - stimulation of production of IL-1, IL-6, IL-8 and TNF-α by 
macrophages, - stimulation of production of IL-6 and collagenase by fibroblasts, - 
stimulation of fibroblast proliferation and possibly of extracellular matrix production, - 
activation of endothelial cells, - induction of smooth muscle cells lysis. Fibrosis-promoting 
effects of IL-1 were also demonstrated (Ichino et al.,  2008, Mittal et al.,  2009). It also inhibits 
MMP-9 activity which degrades type IV collagen of extracellular matrix  and diminishes 
activity of IL-1 receptor antagonist (IL-1Ra). 
Vesey et al. (2002, 2002) demonstrated that IL-1β stimulated proliferation of interstital 
fibroblast and enhanced production of type I collagen, fibronectin, TGF-β and nitric oxide.  
Study by Zang et al. (2005) showed that IL-1β induced transformation of tubular cells into 
myofibroblasts. In addition, IL-1β stimulates production of IL-6 and IL-8. This intensifies 
inflammation and promotes interstitial fibrosis (Lonnemann et al., 1995). 
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Kassem et al. (2005) demonstrated increased urinary IL-1β excretion in children with acute 
pyelonephritis. The authors also revealed positive correlation between urinary IL-1β and IL-
8 excretion. The survey by Wetmore et al. (2005) showed an association between IL-1 gene 
polymorphism and occurrence of chronic renal diseases which resulted in impairment of 
renal function. Elevated urinary IL-1β excretion was demonstrated in patients with chronic 
renal failure. The highest urinary IL-1β excretion was observed in pre-dialysis  patients. In 
those patients, considerably higher plasma IL-1Ra level as compared to controls was 
disclosed (Pereira et al., 1994). 

Interleukin 6 (IL-6) 

IL-6 is produced by several cells within kidney, including macrophages, interstitial 
fibroblasts and endothelial cells. The study by Patel et al. (2005) demonstrated that IL-6 
intensified inflammation and impaired renal function. Increased urinary IL-6 excretion in 
children with urinary tract infection and positive correlation between urinary IL-6 excretion 
and severity of proteinuria, hematuria and pyuria were also observed (Benson et al., 1996; 
Gendrel et al., 1998; Jantausch et al., 2000; Nicolle et al, 1993; Otto et al., 1999; Mizuano et al., 
2001). Experimental studies revealed increased expression of renal IL-6 in mice with acute 
pyelonephritis due to ureteral obstruction (Kabore et al., 1999; Rugo et al., 1992) and 
increased serum IL-6 level in the majority of mice with acute pyelonephritis (Rugo et al., 
1992). Khalil et al. (2000) demonstrated increased mortality in mice with acute 
pyelonephritis and IL-6 deficiency. The authors also disclosed more severe histopathological 
changes in kidneys of IL-6 deficient mice. Numerous studies demonstrated that urinary IL-6 
excretion was higher in patients with acute pyelonephritis than in those with asymptomatic 
bacteriuria (Benson et al., 1994; Hedges et al., 1992; Kassem et al., 2005; Ko et al., 1993; Ohta 
et al., 1992; Otto et al., 1999; Roilides et al., 1999). Positive correlation between urinary IL-6 
excretion and the risk of renal scarring was also disclosed (Benson et al., 1996; Jacobson et 
al., 1998; ; Roilides et al., 1999; Tullus et al., 1994). Wang et al. (2001) observed significant 
correlation between urinary IL-6 excretion and renal scars diagnosed by static 
renoscintigraphy in children with vesicoureteral reflux. In those children, there were 
positive correlations between urinary IL-6 excretion and serum α1- microglobulin, β2- 
microglobulin, creatinine levels and urinary albumin excretion. These authors (Wang et al., 
2001) also performed immunohistochemical evaluation of specimens obtained from 
removed scarred kidneys. Overexpression of IL-6 in renal tubules and scars was observed. 
Data on serum IL-6 level in patients with urinary tract infection and post-inflammatory 
nephropathy are scarce and conflicting. Smółko et al. (2004) revealed higher serum IL-6 level 
in children with vesicoureteral reflux of high grade as compared to controls. The study by 
Gokce et al. (2010) showed the similar results. Increased serum IL-6 level was observed 
primarily in patients with febrile urinary tract infection (Benson et al., 1994; Hedges et al., 
1991,1992; Jacobson et al., 1994, 1998).  
IL-6 gene polymorphism influenced susceptibility to urinary tract infections but had no 
effect on renal parenchymal scarring (Cotton et al., 2000). 

Interleukin 8 (IL-8) 

Within kidney IL-8 is produced primarily by macrophages, interstitial fibroblasts, tubular 
and endothelial cells. It has bactericidal and pro-inflammatory activity because it causes 
chemotaxis and degranulation of neutrophils. In patients with acute urinary tract infection 
and post-inflammatory nephropathy, increased serum IL-8 level and increased urinary IL-8 
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patients with -509CT and Leu10Pro genotypes. Khalil et al. (2005) showed that 
homozygosity for -509T and Arg25 resulted in more rapid progression of renal failure 
whereas patients with -800GA genotype were less susceptible to renal scarring (Cotton et al., 
2002). 
Numerous studies confirmed a significant participation of TGF-β in pathogenesis of 
obstructive nephropathy (Blom et al., 2001; Chevalier, 2004; Duncan et al., 1999; Kaneto et 
al., 1999; Klahr & Morrissey, 1998, 2002, 2003;  Sato et al., 2003; Schnaper et al., 2003). In this 
type of nephropathy, increased angiotensin II production is observed and angiotensin II 
enhances TGF-β expression. Thus angiotensin II plays a key role in initiating of 
tubulointerstitial fibrosis in obstructive nephropathy. Recently, in patients with 
ureteropelvic junction obstruction, increased urinary TGF-β excretion was observed 
(Almodhen et al., 2009, Sager et al., 2009).  
Tumor necrosis factor α (TNF-α) 

TNF-α also known as cachectin is produced by several cells within kidneys, including 
proximal tubular cells, mesangial cells, interstitial fibroblasts and macrophages. The most 
potent stimulus for TNF-α production is lipopolysaccharides of Gram-negative bacteria. 
TNF-α stimulates production of proinflammatory cytokines (IL-1 and Il-6) by macrophages 
and increases macrophages cytotoxicity. In addition, it is known to be chemotactic for 
fibroblasts and stimulates their proliferation. TNF-α has also antifibrotic effects because it 
enhances collagenase activity and inhibits collagen gene expression. In addition, TNF-α 
diminishes activity of TIMP and increases production of  latent MMP-9 (Nee et al., 2004). 
Profibrogenic effects of TNF-α was confirmed in study by Guo et al. (1999). The authors 
demonstrated less severe renal scarring in mice genetically deficient of receptors specific for 
TNF-α. In addition, TNF-α contributes to renal scarring by releasing IL-1β and TGF-β from 
inflammatory infiltration cells (Jahnukainen et al., 2005). Recently, experimental study 
demonstrated less severe renal scarring in rats with nephritis when monoclonal antibodies 
against TNF-α were administered (Khan et al., 2005). Wolfs et al. (2002) showed that TNF-α 
induced overexpression of TLR-2 and -4. TNF-α contributes to the development of 
obstructive nephropathy. Overexpression of TNF-α is due to increased angiotensin II 
secretion observed in upper urinary tract obstruction. 
Interleukin 1 (IL-1) 
IL-1 is one of the major regulator inflammatory and immune reactions. It may be produced 
by several cells within the kidney, including macrophages, mesangial cells, endothelial cells 
and macrophages. It is also known to be chemotactic for neutrophils and monocytes. Other 
activities of IL-1 include: - stimulation of production of IL-1, IL-6, IL-8 and TNF-α by 
macrophages, - stimulation of production of IL-6 and collagenase by fibroblasts, - 
stimulation of fibroblast proliferation and possibly of extracellular matrix production, - 
activation of endothelial cells, - induction of smooth muscle cells lysis. Fibrosis-promoting 
effects of IL-1 were also demonstrated (Ichino et al.,  2008, Mittal et al.,  2009). It also inhibits 
MMP-9 activity which degrades type IV collagen of extracellular matrix  and diminishes 
activity of IL-1 receptor antagonist (IL-1Ra). 
Vesey et al. (2002, 2002) demonstrated that IL-1β stimulated proliferation of interstital 
fibroblast and enhanced production of type I collagen, fibronectin, TGF-β and nitric oxide.  
Study by Zang et al. (2005) showed that IL-1β induced transformation of tubular cells into 
myofibroblasts. In addition, IL-1β stimulates production of IL-6 and IL-8. This intensifies 
inflammation and promotes interstitial fibrosis (Lonnemann et al., 1995). 
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Kassem et al. (2005) demonstrated increased urinary IL-1β excretion in children with acute 
pyelonephritis. The authors also revealed positive correlation between urinary IL-1β and IL-
8 excretion. The survey by Wetmore et al. (2005) showed an association between IL-1 gene 
polymorphism and occurrence of chronic renal diseases which resulted in impairment of 
renal function. Elevated urinary IL-1β excretion was demonstrated in patients with chronic 
renal failure. The highest urinary IL-1β excretion was observed in pre-dialysis  patients. In 
those patients, considerably higher plasma IL-1Ra level as compared to controls was 
disclosed (Pereira et al., 1994). 

Interleukin 6 (IL-6) 

IL-6 is produced by several cells within kidney, including macrophages, interstitial 
fibroblasts and endothelial cells. The study by Patel et al. (2005) demonstrated that IL-6 
intensified inflammation and impaired renal function. Increased urinary IL-6 excretion in 
children with urinary tract infection and positive correlation between urinary IL-6 excretion 
and severity of proteinuria, hematuria and pyuria were also observed (Benson et al., 1996; 
Gendrel et al., 1998; Jantausch et al., 2000; Nicolle et al, 1993; Otto et al., 1999; Mizuano et al., 
2001). Experimental studies revealed increased expression of renal IL-6 in mice with acute 
pyelonephritis due to ureteral obstruction (Kabore et al., 1999; Rugo et al., 1992) and 
increased serum IL-6 level in the majority of mice with acute pyelonephritis (Rugo et al., 
1992). Khalil et al. (2000) demonstrated increased mortality in mice with acute 
pyelonephritis and IL-6 deficiency. The authors also disclosed more severe histopathological 
changes in kidneys of IL-6 deficient mice. Numerous studies demonstrated that urinary IL-6 
excretion was higher in patients with acute pyelonephritis than in those with asymptomatic 
bacteriuria (Benson et al., 1994; Hedges et al., 1992; Kassem et al., 2005; Ko et al., 1993; Ohta 
et al., 1992; Otto et al., 1999; Roilides et al., 1999). Positive correlation between urinary IL-6 
excretion and the risk of renal scarring was also disclosed (Benson et al., 1996; Jacobson et 
al., 1998; ; Roilides et al., 1999; Tullus et al., 1994). Wang et al. (2001) observed significant 
correlation between urinary IL-6 excretion and renal scars diagnosed by static 
renoscintigraphy in children with vesicoureteral reflux. In those children, there were 
positive correlations between urinary IL-6 excretion and serum α1- microglobulin, β2- 
microglobulin, creatinine levels and urinary albumin excretion. These authors (Wang et al., 
2001) also performed immunohistochemical evaluation of specimens obtained from 
removed scarred kidneys. Overexpression of IL-6 in renal tubules and scars was observed. 
Data on serum IL-6 level in patients with urinary tract infection and post-inflammatory 
nephropathy are scarce and conflicting. Smółko et al. (2004) revealed higher serum IL-6 level 
in children with vesicoureteral reflux of high grade as compared to controls. The study by 
Gokce et al. (2010) showed the similar results. Increased serum IL-6 level was observed 
primarily in patients with febrile urinary tract infection (Benson et al., 1994; Hedges et al., 
1991,1992; Jacobson et al., 1994, 1998).  
IL-6 gene polymorphism influenced susceptibility to urinary tract infections but had no 
effect on renal parenchymal scarring (Cotton et al., 2000). 

Interleukin 8 (IL-8) 

Within kidney IL-8 is produced primarily by macrophages, interstitial fibroblasts, tubular 
and endothelial cells. It has bactericidal and pro-inflammatory activity because it causes 
chemotaxis and degranulation of neutrophils. In patients with acute urinary tract infection 
and post-inflammatory nephropathy, increased serum IL-8 level and increased urinary IL-8 
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excretion were observed (Kassem et al., 2005; Tikhonov et al., 1997;  Haraoka et al., 1996). 
Increased urinary IL-8 excretion is thought to be a marker of vesicoureteral reflux and post-
inflammatory nephropathy (Galanakis et al., 2006; Gokce et al., 2010; Haraoka et al., 1996; 
Smółko et al., 2004). Taha et al. (2003) demonstrated increased urinary IL-8 excretion in 
patients with acute and chronic urinary tract infections. The authors also disclosed higher 
urinary IL-8 excretion in females as compared to males and positive correlation between 
urinary IL-8 excretion and markers of inflammation, including leukocytosis and serum C-
reactive protein level. 
In patients with urinary tract infection, increased urinary IL-8 excretion was observed in 
numerous studies (Jacobson et al., 1994; Kassem et al., 2005; Nicolle et al., 1993; Olszyna et 
al., 2000; Otto et al., 1999; Rao et al., 2001; Sheu et al., 2009; Tullus et al., 1994). Roilides et al. 
(1999) and Ko et al. (1993) revealed increased urinary IL-8 excretion in newborns with 
abnormal static renoscintigraphy result. Increased urinary IL-8 excretion was also revealed 
in  patients with chronic pyelonephritis (Rebenok et al., 1999; Tikhonov et al., 1997). 
Experimental studies in mice and rabbits with urinary tract infection and without or 
mutated IL-8 receptor disclosed more severe course of infection, massive renal scarring and 
considerable impairment of renal function (Frendeus et al., 2001; Hang et al., 2000). The 
authors suggested that overproduction of IL-8 promoted clearance of bacteria from kidneys 
and thus diminished the risk of renal scarring. There is an opinion that overproduction of 
IL-8 in response to urinary tract infection results in univocal and distinct symptoms leading 
to prompt diagnosis and early initiation of appropriate treatment and thus diminishes the 
risk of renal scarring (Jahnukainen et al., 2005). 

2.1 Reflux nephropathy 
Reflux nephropathy (RN) refers to renal scarring due to vesicoureteral reflux. Chronic renal 
failure as a result of RN is observed in 5%-40% of children aged below 16 years and in 5%-
20% of adults (Kenda et al., 1997; Noe, 1992; Wan &Greenfield, 1996). RN is also a frequent 
cause of end-stage renal failure.  
Vesicoureteral reflux is a back-flow of urine from the bladder into the ureter and 
pelvicalyceal system. The back-flow of urine from pelvicalyceal system into collecting ducts 
is called intrarenal reflux. When urine is infected, intrarenal reflux results in renal infection. 
The prevalence of intrarenal reflux is particularly high in children aged below 5 years. In 
1960, Hodson and Edwards (as cited in Sieniawska & Wyszyńska, 2003) first demonstrated 
that there was association between vesicoureteral reflux and chronic pyelonephritis. 
Antenatal renal damage due to vesicoureteral reflux may also develop (Arant, 1991; Bailey, 
1973; Lerner, 1994; Smellie, 1975; Peters & Rushton, 2010). 
Classification of grades of vesicoureteral reflux according to International Reflux study 
Committee, (1981) is showed on Fig. 2. 
Vesicoureteral reflux may be primary or secondary. Primary vesicoureteral reflux is due to 
congenital abnormal lateralization of ureteral orifice. Secondary vesicoureteral reflux is a 
result of anatomical and/or functional abnormalities of lower urinary tract. 
Primary vesicoureteral reflux is the most common congenital abnormality of urinary system 
and is diagnosed in 20% - 60% of children with urinary tract infection (Ataei et al., 2004; 
Zajaczkowska et al., 2001; Alvarez et al., 2009). In the noninfected general population, the 
prevalence of vesicoureteral reflux is 1% -2% and in siblings of children with vesicoureteral 
reflux and urinary tract infection – 5% -50% (Noe, 1992). 
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Fig. 2. The International Reflux Study classifies reflux grades as follows: I) reflux into ureter 
only; II) reflux into ureter, pelvis, and calyces, no dilation, normal calyceal fornices; III) mild 
or moderate dilation and/or tortuosity of the ureter and mild or moderate dilation of renal 
pelvis but no or little blunting of the fornices; IV) moderate dilation and/or tortuosity of the 
ureter and moderate dilation of the renal pelvis and calyces V) gross dilation and tortuosity 
of the ureter and gross dilation of the renal pelvis and calyces. Papillary impressions are no 
longer visible in the majority of calyces. There is complete obliteration of the sharp angle of 
the fornices, but maintenance of papillary impressions in major calyces. 

Relation between urinary tract infection, vesicoureteral reflux and renal scarring has been 
known since a long time (Bailey, 1973; ; Kincaid-Smith,1975; Smellie et al., 1975; Van den 
Abbeele et al., 1987). In the early 1970s, Bailey (1973) coined the term “reflux nephropathy” 
to describe renal scarring in patients with vesicoureteral reflux. The study by Sheikh et al. 
(2010) confirmed higher risk of renal scarring in patients with vesicoureteral reflux. Orellana 
et al. (2004) demonstrated that prevalence of renal scarring is higher in children with 
vesicoureteral reflux than in those without that anomaly (72% versus 52%). In addition, it 
was revealed significant association between vesicoureteral reflux diagnosed after first 
episode of urinary tract infection and chronic renal failure (Marra et al., 2004). 
Previously, vesicoureteral reflux was thought to be an independent risk factor for renal 
scarring. Nowadays, this hypothesis is questioned. However, an association between 
urinary tract infection in children with vesicoureteral reflux and renal scarring remains 
unquestionable (Faust et al., 2009; Jahnukainen et al., 2005; Muinuddin et al., 2008). This was 
confirmed by recent studies that demonstrated an increase in the risk of renal scarring after 
acute pyelonephritis in patients with vesicoureteral reflux (Kanellopoulos et al., 2006; Lee et 
al., 2006; Polito et al., 2006; Oh et al., 2008). Studies by Svensson et al. (2005) and Mohanan et 
al. (2008) disclosed that renal scarring was detected less frequently in infants with 
vesicoureteral reflux and without urinary tract infection than in those with vesicoureteral 
reflux and urinary tract infection. In study by Ylinen et al. (2003) renal scarring was found 
more frequently in infants in whom vesicoureteral reflux was diagnosed after the first 
episode of urinary tract infection than in those in whom vesicoureteral reflux was detected 
antenatally. The risk of acute pyelonephritis and thus renal scarring increases along with 
grade of vesicoureteral reflux (Arant, 1991; Oh et al.,  2008, Shaikh et al., 2010, Silva et al., 
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excretion were observed (Kassem et al., 2005; Tikhonov et al., 1997;  Haraoka et al., 1996). 
Increased urinary IL-8 excretion is thought to be a marker of vesicoureteral reflux and post-
inflammatory nephropathy (Galanakis et al., 2006; Gokce et al., 2010; Haraoka et al., 1996; 
Smółko et al., 2004). Taha et al. (2003) demonstrated increased urinary IL-8 excretion in 
patients with acute and chronic urinary tract infections. The authors also disclosed higher 
urinary IL-8 excretion in females as compared to males and positive correlation between 
urinary IL-8 excretion and markers of inflammation, including leukocytosis and serum C-
reactive protein level. 
In patients with urinary tract infection, increased urinary IL-8 excretion was observed in 
numerous studies (Jacobson et al., 1994; Kassem et al., 2005; Nicolle et al., 1993; Olszyna et 
al., 2000; Otto et al., 1999; Rao et al., 2001; Sheu et al., 2009; Tullus et al., 1994). Roilides et al. 
(1999) and Ko et al. (1993) revealed increased urinary IL-8 excretion in newborns with 
abnormal static renoscintigraphy result. Increased urinary IL-8 excretion was also revealed 
in  patients with chronic pyelonephritis (Rebenok et al., 1999; Tikhonov et al., 1997). 
Experimental studies in mice and rabbits with urinary tract infection and without or 
mutated IL-8 receptor disclosed more severe course of infection, massive renal scarring and 
considerable impairment of renal function (Frendeus et al., 2001; Hang et al., 2000). The 
authors suggested that overproduction of IL-8 promoted clearance of bacteria from kidneys 
and thus diminished the risk of renal scarring. There is an opinion that overproduction of 
IL-8 in response to urinary tract infection results in univocal and distinct symptoms leading 
to prompt diagnosis and early initiation of appropriate treatment and thus diminishes the 
risk of renal scarring (Jahnukainen et al., 2005). 
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Fig. 2. The International Reflux Study classifies reflux grades as follows: I) reflux into ureter 
only; II) reflux into ureter, pelvis, and calyces, no dilation, normal calyceal fornices; III) mild 
or moderate dilation and/or tortuosity of the ureter and mild or moderate dilation of renal 
pelvis but no or little blunting of the fornices; IV) moderate dilation and/or tortuosity of the 
ureter and moderate dilation of the renal pelvis and calyces V) gross dilation and tortuosity 
of the ureter and gross dilation of the renal pelvis and calyces. Papillary impressions are no 
longer visible in the majority of calyces. There is complete obliteration of the sharp angle of 
the fornices, but maintenance of papillary impressions in major calyces. 

Relation between urinary tract infection, vesicoureteral reflux and renal scarring has been 
known since a long time (Bailey, 1973; ; Kincaid-Smith,1975; Smellie et al., 1975; Van den 
Abbeele et al., 1987). In the early 1970s, Bailey (1973) coined the term “reflux nephropathy” 
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scarring. Nowadays, this hypothesis is questioned. However, an association between 
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antenatally. The risk of acute pyelonephritis and thus renal scarring increases along with 
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2010) because vesicoureteral reflux of high grade occurs throughout micturition in contrast 
to vesicoureteral reflux of low grade which occurs only at the  peak of micturition 
(Jacobsson et al., 1992). 
In the last years, an association between ACE gene polymorphism and development/ 
progression of RN was demonstrated. The D allele of ACE gene polymorphism was 
associated with higher converting enzyme activity and thus higher concentration of 
angiotensin II in plasma and tissues. This resulted in more rapid development and 
progression of RN (Haszon et al., 2002; Hohenfellner et al., 1999; Ohtomo et al., 2001; Ozen 
et al., 1999). Some studies questioned the significance of ACE gene polymorphism as an 
independent risk factor for the development and progression of RN (Dudley et al., 2002; 
Pardo et al., 2003). An association between TGF-β1 gene polymorphism and the risk of renal 
scarring in patients with vesicoureteral reflux was also disclosed Kowalewska-Pietrzak et al. 
(2008), whereas Hussein et al. (2010) demonstrated an association between vascular 
endothelium growth factor (VEGF) gene polymorphism and the risk of the development of 
RN. 

2.2 Obstructive nephropathy 
Obstructive nephropathy (ON) refers to renal scarring due to mechanical obstruction to 
urine flow (Liapis, 2002). 
Obstruction to urine flow may be congenital or acquired. It can occur at any level of urinary 
tract, including renal tubules, renal pelvis, ureters, bladder and urethra. Obstruction to urine 
flow most commonly occurs at ureteropelvic junction (Koff, 1990; Norbeck et al., 1993). The 
severity of obstructive nephropathy depends on severity of obstruction, its location and 
duration, age of occurrence and concomitant infection. 
Complete or severe obstruction to urine flow leads to obstructive nephropathy more rapidly 
than incomplete one. In addition, the higher the obstruction is located the more severe 
obstructive nephropathy develops. Age of patient is of great significance. Fetal and neonatal 
kidneys are at greatest risk for damage. Antenatal urinary tract obstruction disturbs kidney 
development and results in polycystic dysplasia or hypodysplasia (Chevalier, 2004).  
Re-expression of Pax-2 (Li et al., 2010) gene and decreased expression of Bcl-1 gene (Zhang 
et al. 2001) enhance susceptibility to the development of obstructive nephropathy.  
In the development and progression of obstructive nephropathy, primarily cytokines and 
vasoactive substances are implicated (Chevalier, 2004; Chevalier et al., 2009; Chiou et al., 
2004; Grande et al.,2010; Klahr, 2001; Klahr & Marrissey, 1998, 2002, 2003; Rice et al., 2004). 
Nowadays, TGF-β1 and TNF-α are thought to play a crucial role in renal damage. 
Obstruction to urine flow and alternations in intra- renal hemodynamics result in increased 
secretion of angiotensin II which in turn enhances TGF-β1 and TNF-α expression (Grande et 
al., 2010; Leonova et al., 2007; Manucha, 2007; Padillo et al.,  2007; Pimentel et al., 1995; Sager 
et al., 2009; Wang et al.,2010). Due to urine stasis urinary tract infection may develop. 
Infection is an additional factor which causes renal damage. 
Bilateral complete or severe urinary tract obstruction are the most dangerous anomalies. In 
this clinical settings, even early surgery does not always protect kidneys from permanent 
damage leading to end stage renal failure during childhood (Chevalier et al., 2000). Patients 
after surgical correction of urinary tract obstructions requires careful monitoring in order to 
early detect of obstructive nephropathy symptoms and initiation of nephroprotective 
therapy. 
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3. History and clinical manifestations of post-inflammatory nephropathy 
The clinician needs to obtain a detailed history about the type and duration of symptoms. 
Most often there is a history of recurrent urinary tract infections which cease or occur less 
frequently after surgical correction of anatomical anomaly, appropriate therapy of 
functional disturbances of lower urinary tract and/or antibacterial prophylaxis. Severe and 
developed early in life post-inflammatory nephropathy leads to dwarfism and body weight 
deficit (Polito et al., 1999; Seidel et al., 1993). The patient may  complain of  loin or 
abdominal pain which may be a result of  urinary tract infection, dilation of urinary tract 
due to obstruction or urolithiasis secondary to urine stasis. The patient should be asked 
questions about difficulty initiating urination, decreases in the force of urine stream, 
posturination dribbling, and incomplete emptying. In addition, the patient should be 
questioned about nocturia as chronic renal failure is characterized by the lack of ability to 
concentrate urine during the night. Post-inflammatory nephropathy may also be 
asymptomatic. 
20% of children with post-inflammatory nephropathy develop end-stage renal failure before 
18th year of age and approximately  50% of them - in the fourth decade of life . 
Post-inflammatory nephropathy may lead to arterial hypertension due to ischemia of  renal 
scars and resultant increase in renin production (Wyszynska & Litwin, 2000). Arterial 
hypertension develops most commonly in patients with diffuse bilateral renal scarring 
(Hamed et al., 1992; Kohler et al., 1997, 2003). According to Rushton (1997) it may occur at 
any age but its beginning is most commonly observed in the third decade of life. Arant  
(1991) diagnosed arterial hypertension in 20% of children with post-inflammatory 
nephropathy and the majority of them was over 5 years of age. In Polish children aged 7 -10 
years with post-inflammatory nephropathy, the prevalence of arterial hypertension was 
approximately 50% (Wyszynska & Litwin, 2000). In children with obstructive nephropathy, 
arterial hypertension seems to be sodium-dependent and occurs more commonly when 
urinary tract obstruction is bilateral.  
A late consequence of post-inflammatory nephropathy may be urolithiasis which was 
observed in 18% patients with renal scarring (Kohler et al., 2003; Vachvanichsanong, 2007). 
In pregnants with reflux nephropathy, recurrent urinary tract infections, arterial 
hypertension, gestosis and/or renal failure may occur (Vachvanichsanong, 2007) therefore 
they are at risk for spontaneous abortion and premature delivery. Increased mortality of 
newborns from these mothers was observed. 

4. Diagnosis of post-inflammatory nephropathy 
Diagnostics of post-inflammatory nephropathy include laboratory and imaging studies. 
Initially, urinalysis may be normal or may show sparse proteinuria and/or microhematuria. 
Proteinuria may gradually increase with time. Slightly decreased ability to concentrate and 
acidify urine may also be observed (Polito et al., 1999; Seidel et al., 1993).  
An acetyl-beta-D-glucose aminidase and β2-microglobulin are a widely used markers of 
tubulointerstitial fibrosis. Recently, early and more specific markers of tubulointerstitial 
fibrosis have been introduced such as neutrophil gelatinase-associated lipocalin (NGAL) 
(Ichnio et al., 2010; Wasilewska et al., 2011), kidney injury molecule-1 (KIM-1) (Wasilewska 
et al., 2011], type IV collagen and gluthatione S-transferases alpha and pi (GST-α and GST-π) 
(Cawood et al., 2010, Branten et al., 2000). GST-α is a marker of proximal tubular injury 
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Obstruction to urine flow may be congenital or acquired. It can occur at any level of urinary 
tract, including renal tubules, renal pelvis, ureters, bladder and urethra. Obstruction to urine 
flow most commonly occurs at ureteropelvic junction (Koff, 1990; Norbeck et al., 1993). The 
severity of obstructive nephropathy depends on severity of obstruction, its location and 
duration, age of occurrence and concomitant infection. 
Complete or severe obstruction to urine flow leads to obstructive nephropathy more rapidly 
than incomplete one. In addition, the higher the obstruction is located the more severe 
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kidneys are at greatest risk for damage. Antenatal urinary tract obstruction disturbs kidney 
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deficit (Polito et al., 1999; Seidel et al., 1993). The patient may  complain of  loin or 
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hypertension, gestosis and/or renal failure may occur (Vachvanichsanong, 2007) therefore 
they are at risk for spontaneous abortion and premature delivery. Increased mortality of 
newborns from these mothers was observed. 
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Proteinuria may gradually increase with time. Slightly decreased ability to concentrate and 
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whereas GST-π –distal tubular injury. Chromek et al. (2003, 2004) recommended ratios of 
MMP-1, MMP-2 and MMP-9 to their tissue inhibitors TIMP-1 and TIMP-2 as markers of 
tubulointerstitial fibrosis. 
Valuable diagnostic clues are provided  by radiologic evaluation, including  
ultrasonography, static renoscintigraphy (99mTc DMSA) and dynamic renoscintigraphy 
(99mTcDTPA, 99mTcEC, 99mTcMAG-3). Urography and voiding cystourethrography 
(VCUG) are also helpful. 
Kersnik et al. (2002) evaluated ultrasonography efficacy in detection of renal scarring. They 
demonstrated that sensitivity of ultrasonography in detection of benign, moderate and 
severe renal scarring was 34.1%, 79.2% and 100%, respectively. The study by Moorthy et al. 
(2004) revealed that in detection of renal scarring, ultrasonography  was characterized by 
higher specificity (91.8%) and lower sensitivity (47.2%) as compared to static 
renoscintigraphy. At present, ultrasonography still remains an important tool in evaluation 
of renal scarring. 
The advent of static renoscitigraphy using dimercaptosuccinic acid labeled by 99m 
technetium (99mTcDMSA) was a turning-point in diagnostic evaluation of post-
inflammatory nephropathy.  99mTcDMSA is thought to be the gold standard for detection 
and monitoring of renal scarring. 99mTcDMSA undoubtedly contributes to expansion of our 
knowledge concerning pathogenesis of post-inflammatory nephropathy (Gordon, 1987; 
Orleana et al., 2004; Rushton, 1997; Shapiro et al., 1988; Smellie, 1985; Stokland et al., 1996). 
On the basis of 99mTcDMSA, the classification of severity of renal scarring was made (Fig. 
3.) (Goldraich et al., 1983).  
 

     
 0                            1°                              2°                              3°                              4° 

Fig. 3. Classification of renal scarring according to findings at 99mTcDMSA renal scan: 0 – 
normal, 1° - no more than 2 scarred areas, 2° -  more than 2 scars with some areas of normal 
parenchyma, 3° - generalized damage to the whole kidney, 4° - cirrhotic kidney with little or 
no uptake of DMSA. 

Dynamic renoscintigraphy also has potential to detect renal scarring reliably (Gad et al., 
2004; Narayana et al., 2004). In addition, it evaluates renal function as well as status of 
pelvicalyceal systems and ureters. In dynamic renoscintigraphy, diethylene 
triaminepentaacetic acid (DTPA), ethylenodicysteine (EC), and mercaptoacetyltriglycerin 
(MAG-3) labeled by 99m technetium are used.  
Nowadays, urography is performed less commonly because there are more effective 
methods of urinary system visualization. In addition, urography is viewed as more harmful 
than beneficial for patients. Urography enables to evaluate renal size and margins. It also 
visualizes pelvicalyceal systems and ureters and thus has potential to detect anatomical 
obstruction location. 
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VCUG is performed in order to detect vesicoureteral reflux and anatomical anomalies of the 
bladder and urethra. In the presence of vesicoureteral reflux, VCUG  may demonstrate 
dilation and deformity of renal calyces and occasionally intrarenal refluxes. VCUG may give 
only a suspicion of post-inflammatory nephropathy. VCUG  visualizes the bladder and 
urethra and thus has potential to detect anatomical obstruction to urine flow. Instead of 
VCUG videocystometry is more and more commonly performed because it is able to detect 
both vesicoureteral reflux and anatomical/functional abnormalities of lower urinary tract. 

5. Management of post-inflammatory nephropathy 
Management of post-inflammatory nephropathy include therapy and prophylaxis of 
urinary tract infection, correction of anatomical and functional abnormalities of urinary tract 
and nephroprotection based primarily on inhibition of production or activity of  TGF-β. 
Nowadays, a proven nephroprotective activity is displayed by angiotensin-converting 
enzyme inhibitors, angiotensin II receptor blockers (Khalil et al., 2000, Wang et al., 2005), 
aldosterone antagonists (eplerenone), renin inhibitors (aliskiren) and anti-oxidants (α-
tocopherol) (Chan et al., 2001; Cojocel et al., 2005; Saborio et al., 2000). 
Novel drugs which inhibit tubulointerstitial fibrosis include low-molecular leucine-rich 
proteoglycans, decorin, and biglycan. They have potential to permanent bond with TGF-β 
and thus they inhibit its activity (Solari et al., 2005). Inhibition of tubulointerstitial fibrosis 
was also observed after blockade of type II TGF-β receptor (Jernigan et al., 1996; Kasuga et 
al., 2001; Kushibiki et al., 2005) and as a result of therapy with antibodies against TGF-β 
(Gagliardini & Benigni, 2006). Inhibition of activity of tissue transglutaminases which 
participate in activation of TGF-β  may be a therapeutic option in patients with post-
inflammatory nephropathy in future (Shweke et al., 2008). Other factors which are likely to 
inhibit tubulointerstitial fibrosis are hepatocyte growth factor (HGF) (Mizuno et al., 2001) 
and bone morphogenic protein 7 (BMP-7) (Kopp, 2002). The latest studies demonstrated 
nephroprotective activity of Lefty-A which inhibits and even reverses transformation of 
tubular cells into myofibroblasts (Li et al., 2010, Yao et al., 2011). 

6. Serum concentrations of selected cytokines in children with reflux and 
obstructive nephropathy – original studies  
The purposes of the study were - to assess serum TGF-β1, TNF-α, IL-1 β, IL-6 and IL-8  levels 
in children with  post-inflammatory nephropathy (reflux and obstructive nephropathy), - to 
compare serum TGF-β1, TNF-α, IL-1 β, IL-6 and IL-8  levels between children with unilateral 
and bilateral vesicoureteral reflux, and between those with vesicoureteral reflux of high and 
low grade, - to compare serum TGF-β1, TNF-α, IL-1 β, IL-6 and IL-8 levels between children 
with and without hypertension, and between those with and without proteinuria.  
Patients and methods: The study comprised 70 children (24 boys and 46 girls) aged 1-17 
years with renal scarring diagnosed scintigraphically. All children had a history of recurrent 
urinary tract infections including at least one episode of acute pyelonephritis. Vesicoureteral 
reflux and unilateral ureteropelvic/vesicoureteric junction obstruction were detected in 
85.7% (60/70) and 14.3% (10/70) of children, respectively. Arterial hypertension was 
diagnosed in 17.2% (12/70) of patients. Proteinuria was observed in 25.7% (18/70) of 
children. Renal insufficiency developed in 5,7% (4/70) of patients. Serum TGF-β1, TNF-α, IL-
1 β, IL-6 and IL-8  concentrations were measured by ELISA. 
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In children with proteinuria, the mean serum TGF-β1 level was significantly lower than in 
the remaining patients. There were no statistically significant differences in the mean serum 
TNF-α, IL-1 β, IL-6 and IL-8  levels between children with proteinuria and the remaining 
patients.   

7. Conclusions 
1. The low serum TGF-1 and IL-1β concentrations in patients with reflux and obstructive 

nephropathy seems to be a result of increased influx of this cytokines into renal 
parenchyma and/or increased urinary TGF-1 and IL-1β excretion due to tubular 
damage associated with nephropathy. 

2. The lower serum concentration of TGF-1  in patients with proteinuria secondary to 
post-inflammatory nephropathy may confirm participation of this factor in progression 
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1. Introduction 
Urinary tract infections (UTIs) have been described as one of the most common serious 
bacterial diseases affecting infants and young children. Approximately 3% of prepubertal 
girls and 1% of prepubertal boys are diagnosed with UTIs (Riccabona 2003; Ma and 
Shortliffe 2004). The clinical severity of acute renal bacterial infection spans continuously 
from an uncomplicated lower urinary tract infection (i.e. cystitis) to frank abscess formation 
(Soulen et al., 1989). Among these UTIs, renal parenchymal infections, including 
uncomplicated acute pyelonephritis (APN), acute lobar nephronia (ALN), and intrarenal 
abscess, are considered to be more serious forms of UTI. 
Acute lobar nephronia (ALN), also known as acute focal bacterial nephritis, is an acute 
localized bacterial renal infection presenting as an inflammatory mass without liquefaction 
(Rosenfield et al., 1979; Zaontz et al., 1985; Kline et al., 1988; Klar et al., 1996, Uehling et al., 
2000). The typical clinical presentations include fever, flank pain, leukocytosis, pyuria and 
bacteriuria, similar to presentations of patients with renal abscess or acute pyelonephritis 
(Zaontz et al., 1985; Soulen et al., 1989). It has previously been indicated as a complicated 
form of acute renal infection, representing the progression of the inflammatory process of 
APN (Nosher et al., 1988). ALN may also represent a relatively early stage of the 
development of renal abscess (Shimizu et al., 2005). The management of these renal 
parenchymal infections differs widely. Most patients with renal abscess require intensive 
medical therapy with or without surgical intervention, whereas treatment of those with 
ALN, like uncomplicated APN, entails only intravenous and oral antibiotics (Zaontz et al., 
1985; Rathore et al., 1991; Klar et al., 1996). Hence it is important to differentiate these renal 
parenchymal infections. In this Chapter, we would like to review the diagnosis scheme, 
treatment modality, bacterial urovirulence factors, host susceptibility gene and the renal scar 
outcome of ALN. 
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1. Introduction 
Urinary tract infections (UTIs) have been described as one of the most common serious 
bacterial diseases affecting infants and young children. Approximately 3% of prepubertal 
girls and 1% of prepubertal boys are diagnosed with UTIs (Riccabona 2003; Ma and 
Shortliffe 2004). The clinical severity of acute renal bacterial infection spans continuously 
from an uncomplicated lower urinary tract infection (i.e. cystitis) to frank abscess formation 
(Soulen et al., 1989). Among these UTIs, renal parenchymal infections, including 
uncomplicated acute pyelonephritis (APN), acute lobar nephronia (ALN), and intrarenal 
abscess, are considered to be more serious forms of UTI. 
Acute lobar nephronia (ALN), also known as acute focal bacterial nephritis, is an acute 
localized bacterial renal infection presenting as an inflammatory mass without liquefaction 
(Rosenfield et al., 1979; Zaontz et al., 1985; Kline et al., 1988; Klar et al., 1996, Uehling et al., 
2000). The typical clinical presentations include fever, flank pain, leukocytosis, pyuria and 
bacteriuria, similar to presentations of patients with renal abscess or acute pyelonephritis 
(Zaontz et al., 1985; Soulen et al., 1989). It has previously been indicated as a complicated 
form of acute renal infection, representing the progression of the inflammatory process of 
APN (Nosher et al., 1988). ALN may also represent a relatively early stage of the 
development of renal abscess (Shimizu et al., 2005). The management of these renal 
parenchymal infections differs widely. Most patients with renal abscess require intensive 
medical therapy with or without surgical intervention, whereas treatment of those with 
ALN, like uncomplicated APN, entails only intravenous and oral antibiotics (Zaontz et al., 
1985; Rathore et al., 1991; Klar et al., 1996). Hence it is important to differentiate these renal 
parenchymal infections. In this Chapter, we would like to review the diagnosis scheme, 
treatment modality, bacterial urovirulence factors, host susceptibility gene and the renal scar 
outcome of ALN. 
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2. Effective ultrasonographic predictor for the diagnosis of acute lobar 
nephronia 
Sonographically, ALN generally presents as severe nephromegaly or a poorly defined, 
irregularly margined focal mass with hyper-, iso- or hypoechogenicity, depending on the 
temporal sequence of the lesions and the resolution of the disease (Rathore et al., 1991; Boam 
and Miser, 1995). Although renal ultrasonography (US) has been considered as the best and 
most-effective screening method, various false positive and false negative findings have 
been reported previously (Rosenfield et al., 1979; Soulen et al., 1989). Computed tomography 
(CT), instead, has been currently recognized as the most-sensitive and -specific imaging 
modality for diagnosing ALN (Kline et al., 1988; Soulen et al., 1989; Rathore et al., 1991; Klar 
et al., 1996; Uehling et al., 2000). CT images of the ALN-infected areas typically appear as 
wedge-shaped, poorly defined regions of decreased nephrogenic density after contrast 
medium administration (Figure 2.1) (Kline et al., 1988; Soulen et al., 1989; Rathore et al., 1991; 
Cheng et al., 2004), and mass-like hypodense lesions in the more-severe form (Lee et al., 
1980). CT, however, is costly and requires the sedation of a young patient.  
 

 
      (a)               (b) 

Fig. 2.1. The characteristic non-enhanced (a) and contrast-enhanced (b) CT scans for a 2-
year-old patient with acute lobar nephronia, who presented with severe left nephromegaly 
while without a focal mass sonographically. Note no attenuation area seen in the kidney 
before enhancement (Cheng et al., 2004). 

A new systemic radiologic imaging evaluation scheme, the combination of renal US and CT 
scanning, was proposed to assist ALN diagnosis in pediatric patients. Enlarged kidneys 
and/or focal masses were utilized to be the sonographic preselection features for 
subsequent CT evaluation. CT scan is used when the patient shows (1) a markedly enlarged 
kidney or focal mass on the initial US scan; or (2) poor response to the initial 72 hours 
antibiotic treatment while his/her kidneys appear borderline nephromegaly 
sonographically (Cheng et al., 2004).  
From our results (Cheng et al., 2004), severe nephromegaly (i.e. renal length greater than 
mean +3 SD for age) on at least one side of the kidneys is very sensitive for the diagnosis of 
ALN. A higher sensitivity was achieved when US focal mass findings were included with 
severe nephromegaly as the diagnosing criteria. In terms of the kidneys, focal masses on US 
scans correlated much better with the final ALN diagnosis than other US characteristics 
evaluated. The use of focal mass findings as an effective predictor for ALN was limited since 
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its sensitivity was only 25% despite a specificity of 100%. Severe nephromegaly was a very 
useful sonographic diagnostic criterion for kidneys affected with ALN with a sensitivity of 
90.0%. Sensitivity increased to 95% when severe nephromegaly together with focal mass 
was used as the sonographic predictor. 
In summary, pediatric ALN was effectively predicted using sonographic findings of severe 
nephromegaly and/or focal mass prior to CT scanning. 

3. Effective duration of antimicrobial therapy for the treatment of acute lobar 
nephronia 
Treatment for patients with ALN generally requires intravenous and oral antibiotic 
medication as does treatment for uncomplicated APN (Zaontz et al., 1985; Rathore et al., 
1991; Klar et al., 1996). Surgical intervention is rarely needed for ALN patients, except for 
those with concomitant urological abnormalities which may increase the risks of occurrence 
of acute bacterial infection (Uehling et al., 2000). Although it has been suggested that the 
treatment duration for ALN needs to be at least the same as that for uncomplicated APN, 
recommendations for the duration of antibiotic treatment still remains somewhat 
inconclusive, and to the best of our knowledge, for neither condition, has a rigorous 
therapeutic efficacy comparison of relevant medication been performed (Rathore et al., 
1991). 
We have performed a study sought to determine the appropriate duration of effective 
antibiotic therapy for the management of pediatric ALN patients (Cheng et al., 2006). 
Patients who first presented as febrile UTI and who later were diagnosed with positive CT 
findings of ALN were entered into this study for receiving either a two-week or a three-
week intravenous and oral antibiotic therapeutic program. The demographic data and 
clinical results of these patients were compared. In addition, the identification of any clinical 
or laboratory factors that are likely associated with treatment failure was also attempted.  
These two treatment groups had similar demographic data and clinical results (Table 3.1). 
Most of the patients had been febrile for around three-to-four days, ranging from one day to 
two weeks or so, prior to admission. Once patients had been admitted, all responded well to 
the initial antibiotic treatment regimen and the fever generally subsided within about a 
week. CT scans indicated that 18 patients had left ALN, 12 right ALN, and 11 bilateral ALN 
in the two-week treatment group. Corresponding figures for the three-week treatment 
group were 16, 12 and 11 patients respectively. The distribution of these ALN diagnoses was 
quite similar between the two treatment groups.  
Among the 80 patients participating in this study, Escherichia coli was the most-common 
pathogen cultured from the patient urine samples (59/61) such a finding being consistent 
with the results of previous studies (Kline et al., 1988; Nosher et al., 1988; Rathore et al., 1991; 
Boam and Miser, 1995; Uehling et al., 2000). Interestingly, the proportion (percentage) of 
Escherichia coli cultured in cases of ALN appears to be much greater than the corresponding 
figure reported for first-time UTIs (Hoberman and Wald, 1999). 
Sixty-nine ALN patients, 40 from the two-week treatment group and 29 from the three-week 
treatment group, underwent VCUG evaluation. Sixteen patients in the two-week treatment 
group (40%) and eleven in the three-week treatment group (38%) had vesicoureteral reflux 
(VUR). Among the patients with VUR, a grade-III or greater was noted in eight and nine 
patients respectively, treated by the two-week and the three-week antibiotic courses. For 
patients who underwent VCUG, no difference as regards the presence of VUR in either 
frequency or severity was found between the two treatment groups. 
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Sonographically, ALN generally presents as severe nephromegaly or a poorly defined, 
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most-effective screening method, various false positive and false negative findings have 
been reported previously (Rosenfield et al., 1979; Soulen et al., 1989). Computed tomography 
(CT), instead, has been currently recognized as the most-sensitive and -specific imaging 
modality for diagnosing ALN (Kline et al., 1988; Soulen et al., 1989; Rathore et al., 1991; Klar 
et al., 1996; Uehling et al., 2000). CT images of the ALN-infected areas typically appear as 
wedge-shaped, poorly defined regions of decreased nephrogenic density after contrast 
medium administration (Figure 2.1) (Kline et al., 1988; Soulen et al., 1989; Rathore et al., 1991; 
Cheng et al., 2004), and mass-like hypodense lesions in the more-severe form (Lee et al., 
1980). CT, however, is costly and requires the sedation of a young patient.  
 

 
      (a)               (b) 

Fig. 2.1. The characteristic non-enhanced (a) and contrast-enhanced (b) CT scans for a 2-
year-old patient with acute lobar nephronia, who presented with severe left nephromegaly 
while without a focal mass sonographically. Note no attenuation area seen in the kidney 
before enhancement (Cheng et al., 2004). 

A new systemic radiologic imaging evaluation scheme, the combination of renal US and CT 
scanning, was proposed to assist ALN diagnosis in pediatric patients. Enlarged kidneys 
and/or focal masses were utilized to be the sonographic preselection features for 
subsequent CT evaluation. CT scan is used when the patient shows (1) a markedly enlarged 
kidney or focal mass on the initial US scan; or (2) poor response to the initial 72 hours 
antibiotic treatment while his/her kidneys appear borderline nephromegaly 
sonographically (Cheng et al., 2004).  
From our results (Cheng et al., 2004), severe nephromegaly (i.e. renal length greater than 
mean +3 SD for age) on at least one side of the kidneys is very sensitive for the diagnosis of 
ALN. A higher sensitivity was achieved when US focal mass findings were included with 
severe nephromegaly as the diagnosing criteria. In terms of the kidneys, focal masses on US 
scans correlated much better with the final ALN diagnosis than other US characteristics 
evaluated. The use of focal mass findings as an effective predictor for ALN was limited since 
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its sensitivity was only 25% despite a specificity of 100%. Severe nephromegaly was a very 
useful sonographic diagnostic criterion for kidneys affected with ALN with a sensitivity of 
90.0%. Sensitivity increased to 95% when severe nephromegaly together with focal mass 
was used as the sonographic predictor. 
In summary, pediatric ALN was effectively predicted using sonographic findings of severe 
nephromegaly and/or focal mass prior to CT scanning. 

3. Effective duration of antimicrobial therapy for the treatment of acute lobar 
nephronia 
Treatment for patients with ALN generally requires intravenous and oral antibiotic 
medication as does treatment for uncomplicated APN (Zaontz et al., 1985; Rathore et al., 
1991; Klar et al., 1996). Surgical intervention is rarely needed for ALN patients, except for 
those with concomitant urological abnormalities which may increase the risks of occurrence 
of acute bacterial infection (Uehling et al., 2000). Although it has been suggested that the 
treatment duration for ALN needs to be at least the same as that for uncomplicated APN, 
recommendations for the duration of antibiotic treatment still remains somewhat 
inconclusive, and to the best of our knowledge, for neither condition, has a rigorous 
therapeutic efficacy comparison of relevant medication been performed (Rathore et al., 
1991). 
We have performed a study sought to determine the appropriate duration of effective 
antibiotic therapy for the management of pediatric ALN patients (Cheng et al., 2006). 
Patients who first presented as febrile UTI and who later were diagnosed with positive CT 
findings of ALN were entered into this study for receiving either a two-week or a three-
week intravenous and oral antibiotic therapeutic program. The demographic data and 
clinical results of these patients were compared. In addition, the identification of any clinical 
or laboratory factors that are likely associated with treatment failure was also attempted.  
These two treatment groups had similar demographic data and clinical results (Table 3.1). 
Most of the patients had been febrile for around three-to-four days, ranging from one day to 
two weeks or so, prior to admission. Once patients had been admitted, all responded well to 
the initial antibiotic treatment regimen and the fever generally subsided within about a 
week. CT scans indicated that 18 patients had left ALN, 12 right ALN, and 11 bilateral ALN 
in the two-week treatment group. Corresponding figures for the three-week treatment 
group were 16, 12 and 11 patients respectively. The distribution of these ALN diagnoses was 
quite similar between the two treatment groups.  
Among the 80 patients participating in this study, Escherichia coli was the most-common 
pathogen cultured from the patient urine samples (59/61) such a finding being consistent 
with the results of previous studies (Kline et al., 1988; Nosher et al., 1988; Rathore et al., 1991; 
Boam and Miser, 1995; Uehling et al., 2000). Interestingly, the proportion (percentage) of 
Escherichia coli cultured in cases of ALN appears to be much greater than the corresponding 
figure reported for first-time UTIs (Hoberman and Wald, 1999). 
Sixty-nine ALN patients, 40 from the two-week treatment group and 29 from the three-week 
treatment group, underwent VCUG evaluation. Sixteen patients in the two-week treatment 
group (40%) and eleven in the three-week treatment group (38%) had vesicoureteral reflux 
(VUR). Among the patients with VUR, a grade-III or greater was noted in eight and nine 
patients respectively, treated by the two-week and the three-week antibiotic courses. For 
patients who underwent VCUG, no difference as regards the presence of VUR in either 
frequency or severity was found between the two treatment groups. 



Urinary Tract Infections 340 

 Two-week treatment 
group (n=41) 

Three-week treatment 
group (n=39) P 

Age, years 3.72  4.14 4.16  4.22 NS 
   Range 4 mo – 16 yr 4 mo - 14yr 8mo  
Girls 24 (58.5%) 23 (59.0%) NS 
Fever duration prior to 
admission, days 3.90  3.06 3.97  2.72 NS 

   Range, days 1 – 14 1-13  
Fever continuation 
following antibiotic 
treatment, days 

2.73  1.28 3.43  2.05 NS 

   Range, days 1 – 7 1 – 8  
White blood cell count, 
(cells/L) 19,107  8,772 19,600  10,212 NS 

   Leukocytosis (>15,000 
WBC/L) 28 (68.3%) 25 (64.1%) NS 

C-reactive protein, 
(mg/L; normal <5) 137.7  98.1 119.3  74.0 NS 

Urine culture    
   Escherichia coli 31 (75.6%) 28 (71.8%) NS 
      E. coli > 105cfu/mL 25 (61.0%) 25 (64.1%) NS 
   Klebsiella pneumoniae 1 (2.4%) --- --- 
   Pseudomonas aeruginosa --- 1 (2.6%) --- 
   No isolatable organism 9 (22.0%) 10 (25.6%) NS 
Blood culture    
   Escherichia coli 1 (2.4%) 2 (5.1%) --- 
   Staphylococcus aureus --- 1 (2.6%) --- 
   No isolatable organism 40 (97.6%) 36 (92.3%) NS 
Treatment failure 7 (17.1%) 0 (0%) 0.01 

NS indicates not significant 

Table 3.1. Clinical and laboratory data for 80 children with ALN enrolled for different 
treatment protocol (Cheng et al., 2006). 

None of our patients revealed any evidence of underlying diseases such as diabetes mellitus, 
immunodeficiency, nor did any feature structural abnormality of the urinary-tract system 
such as neurogenic bladder, or upper or lower urinary-tract obstruction apart from VUR. 
Reflux was noted in about 40% of the ALN children in this study, a figure quite comparable 
to that in several previous studies (Kline et al., 1988; Klar et al., 1996; Uehling et al., 2000). 
This frequency of VUR among patients with ALN is close to that in children with UTI (Ilyas 
et al., 2002), thus, VUR may not be a necessary prerequisite for the development of ALN. 
Overall, seven treatment failures were noted in this study (8.8%; 95% CI, 2.6%-14.9%), all of 
which had been managed by a two-week antibiotic course (17.1%; 95% CI, 5.6%-28.6%). 
Statistical significance was noted in regard to treatment success rate between these two 
groups (p=0.01). Among these patients with treatment failure, one demonstrated persistent 
infection during the treatment course, and six others were considered to be relapse by 
revealing a positive Escherichia coli urine culture with the same antibiotic sensitivity profile 
as had been the case previously. 
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Table 3.2 lists the clinical characteristics of these seven patients as compared with those 
successfully treated with the two-week antibiotic course. Proportionally more girls may be 
noted in the failures group than the non-failures group, but the difference was not 
statistically significant (p=0.21). The patients failing the two-week antibiotic treatment 
presented with a more-pronounced fever duration prior to admission (6.00  5.54 vs. 3.47  
2.16 days; p=0.04), and they were more likely to be Escherichia coli infection positive [>105 
cfu/mL; 100% (7/7) vs. 52.9% (18/34); p=0.03]. The distribution of ALN foci, VCUG 
characteristics, and other clinical results revealed no difference between the failures and 
non-failures groups.  
For the treatment-failure patients, the antibiotic treatment course was extended/restarted 
for an additional ten days. Subsequent urine culture and clinical-symptom evaluation at the 
follow-up exams revealed eventual successful treatment. 
 

 Failures with two-week 
treatment protocol (n=7) 

Non-failures with two-week 
treatment protocol (n=34) 

Age, years 4.07  4.31 3.65  4.16 
   Range 4 mo – 9 yr 4 mo – 16 yr 
Girls 6 (85.7%) 18 (52.9%) 
Fever duration prior to 
admission, days† 6.00  5.54 3.47  2.16 

   Range, days 1 – 14 1-10 
Fever continuation following 
antibiotic treatment, days 2.14  1.21 2.85  1.28 

   Range, days 1 – 4 1-7 
White blood cell count, 
(cells/L) 22,257  8,656 18,459  8,781 

   Leukocytosis (>15,000 
WBC/L) 6 (85.7%) 22 (64.7%) 

C-reactive protein, (mg/L; 
normal <5) 107.3  113.3 143.4  95.9 

Escherichia coli in urine culture 7 (100%) 24 (70.6%) 
   E. coli > 105cfu/mL‡ 7 (100%) 18 (52.9%) 

†: p=0.04; ‡: p=0.03 

Table 3.2. Comparison of demographic data, clinical characteristics and laboratory results 
between the ALN patients with treatment failure and those with treatment success for the 
two-week antibiotic therapy protocol (Cheng et al., 2006). 

From our results, all ALN patients with the three-week antibiotic course were successfully 
treated, whereas seven treatment failures (17.1% of treated patients) were noted in the two-
week treatment group. This observation suggests that the two-week antibiotic treatment, 
usually scheduled for APN, may not be appropriate for the treatment of ALN. Patients who 
failed the two-week treatment modality were more likely to have prolonged fever prior to 
admission and to reveal positive Escherichia coli infection (>105 cfu/mL). The longer febrile 
history prior to admission may suggest that these patients may be prone to develop a more 
severe disease state than their counterparts, and that, by necessity, a longer antibiotic 
treatment course will be needed for such individuals. Indeed, these treatment failures were 
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 Two-week treatment 
group (n=41) 

Three-week treatment 
group (n=39) P 

Age, years 3.72  4.14 4.16  4.22 NS 
   Range 4 mo – 16 yr 4 mo - 14yr 8mo  
Girls 24 (58.5%) 23 (59.0%) NS 
Fever duration prior to 
admission, days 3.90  3.06 3.97  2.72 NS 

   Range, days 1 – 14 1-13  
Fever continuation 
following antibiotic 
treatment, days 

2.73  1.28 3.43  2.05 NS 

   Range, days 1 – 7 1 – 8  
White blood cell count, 
(cells/L) 19,107  8,772 19,600  10,212 NS 

   Leukocytosis (>15,000 
WBC/L) 28 (68.3%) 25 (64.1%) NS 

C-reactive protein, 
(mg/L; normal <5) 137.7  98.1 119.3  74.0 NS 

Urine culture    
   Escherichia coli 31 (75.6%) 28 (71.8%) NS 
      E. coli > 105cfu/mL 25 (61.0%) 25 (64.1%) NS 
   Klebsiella pneumoniae 1 (2.4%) --- --- 
   Pseudomonas aeruginosa --- 1 (2.6%) --- 
   No isolatable organism 9 (22.0%) 10 (25.6%) NS 
Blood culture    
   Escherichia coli 1 (2.4%) 2 (5.1%) --- 
   Staphylococcus aureus --- 1 (2.6%) --- 
   No isolatable organism 40 (97.6%) 36 (92.3%) NS 
Treatment failure 7 (17.1%) 0 (0%) 0.01 

NS indicates not significant 

Table 3.1. Clinical and laboratory data for 80 children with ALN enrolled for different 
treatment protocol (Cheng et al., 2006). 

None of our patients revealed any evidence of underlying diseases such as diabetes mellitus, 
immunodeficiency, nor did any feature structural abnormality of the urinary-tract system 
such as neurogenic bladder, or upper or lower urinary-tract obstruction apart from VUR. 
Reflux was noted in about 40% of the ALN children in this study, a figure quite comparable 
to that in several previous studies (Kline et al., 1988; Klar et al., 1996; Uehling et al., 2000). 
This frequency of VUR among patients with ALN is close to that in children with UTI (Ilyas 
et al., 2002), thus, VUR may not be a necessary prerequisite for the development of ALN. 
Overall, seven treatment failures were noted in this study (8.8%; 95% CI, 2.6%-14.9%), all of 
which had been managed by a two-week antibiotic course (17.1%; 95% CI, 5.6%-28.6%). 
Statistical significance was noted in regard to treatment success rate between these two 
groups (p=0.01). Among these patients with treatment failure, one demonstrated persistent 
infection during the treatment course, and six others were considered to be relapse by 
revealing a positive Escherichia coli urine culture with the same antibiotic sensitivity profile 
as had been the case previously. 
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Table 3.2 lists the clinical characteristics of these seven patients as compared with those 
successfully treated with the two-week antibiotic course. Proportionally more girls may be 
noted in the failures group than the non-failures group, but the difference was not 
statistically significant (p=0.21). The patients failing the two-week antibiotic treatment 
presented with a more-pronounced fever duration prior to admission (6.00  5.54 vs. 3.47  
2.16 days; p=0.04), and they were more likely to be Escherichia coli infection positive [>105 
cfu/mL; 100% (7/7) vs. 52.9% (18/34); p=0.03]. The distribution of ALN foci, VCUG 
characteristics, and other clinical results revealed no difference between the failures and 
non-failures groups.  
For the treatment-failure patients, the antibiotic treatment course was extended/restarted 
for an additional ten days. Subsequent urine culture and clinical-symptom evaluation at the 
follow-up exams revealed eventual successful treatment. 
 

 Failures with two-week 
treatment protocol (n=7) 

Non-failures with two-week 
treatment protocol (n=34) 

Age, years 4.07  4.31 3.65  4.16 
   Range 4 mo – 9 yr 4 mo – 16 yr 
Girls 6 (85.7%) 18 (52.9%) 
Fever duration prior to 
admission, days† 6.00  5.54 3.47  2.16 

   Range, days 1 – 14 1-10 
Fever continuation following 
antibiotic treatment, days 2.14  1.21 2.85  1.28 

   Range, days 1 – 4 1-7 
White blood cell count, 
(cells/L) 22,257  8,656 18,459  8,781 

   Leukocytosis (>15,000 
WBC/L) 6 (85.7%) 22 (64.7%) 

C-reactive protein, (mg/L; 
normal <5) 107.3  113.3 143.4  95.9 

Escherichia coli in urine culture 7 (100%) 24 (70.6%) 
   E. coli > 105cfu/mL‡ 7 (100%) 18 (52.9%) 

†: p=0.04; ‡: p=0.03 

Table 3.2. Comparison of demographic data, clinical characteristics and laboratory results 
between the ALN patients with treatment failure and those with treatment success for the 
two-week antibiotic therapy protocol (Cheng et al., 2006). 

From our results, all ALN patients with the three-week antibiotic course were successfully 
treated, whereas seven treatment failures (17.1% of treated patients) were noted in the two-
week treatment group. This observation suggests that the two-week antibiotic treatment, 
usually scheduled for APN, may not be appropriate for the treatment of ALN. Patients who 
failed the two-week treatment modality were more likely to have prolonged fever prior to 
admission and to reveal positive Escherichia coli infection (>105 cfu/mL). The longer febrile 
history prior to admission may suggest that these patients may be prone to develop a more 
severe disease state than their counterparts, and that, by necessity, a longer antibiotic 
treatment course will be needed for such individuals. Indeed, these treatment failures were 
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all successfully dealt with by an additional ten-day antimicrobial therapy regimen. Whether 
host factors, or the virulence of Escherichia coli, relates to ALN and plays a role leading to 
treatment failure remains an issue that should be clarified. 

4. A high incidence of renal scarring is associated with child with acute lobar 
nephronia 
The pathogenesis of renal scarring after a febrile UTI remains unclear. Some risk factors 
making children with a UTI more vulnerable to renal damage include young age at the time 
of infection (Winberg et al. 1982), delayed treatment (Miller and Phillips 1981; Winberg et al. 
1982), the presence of vesicoureteral reflux (VUR) (Biggi et al. 2001; Chroustova et al. 2006; 
Faust et al. 2009), and although mentioned infrequently, the extent of kidney lesions (Biggi et 
al. 2001). ALN is a severe disease entity, with extensive renal parenchymal involvement 
(Cheng et al. 2009). Thus, we performed a prospective study to evaluate renal scar formation 
after ALN as compared with APN. In this prospective study (Cheng et al. 2010a), we also 
examined nearly all the previously proposed risk factors for renal scarring.  
DMSA scintigraphy is a sensitive diagnostic method for renal scarring but does not always 
distinguish between new and old lesions, or differentiate renal dysplasia from acquired 
post-infection scars. It is possible that we might have overestimated the occurrence of renal 
scars that were related to the index infection. Thus, the exclusion of children with history of 
prior UTI or the development of recurrent UTI before DMSA scintigraphy in current study 
was designed to keep any overestimation of renal scarring to a minimum. 
In this investigation, a total of 218 children with a first documented febrile UTI (109 APN, 
109 ALN) who fulfilled our patient selection criteria and completed the final DMSA 
scintigraphy were analyzed. Patient characteristics were comparable between the two ALN 
treatment groups (Table 4.1). The frequency of renal scarring at scintigraphy was similar 
between the 2-week and 3-week successful treatment groups. The demographic and clinical 
data for the APN (all had received 10-day treatment) and ALN patients are shown in Table 
4.2. Acute lobar nephronia was a more severe disease than APN, as judged by higher 
inflammatory indices and longer fever duration after and/or before treatment. The 
incidence of renal scarring was much higher in ALN than in APN patients. 
Regression analysis of the 218 patients with a first febrile UTI showed that renal scarring 
was more likely to occur in children with higher inflammatory indices (white blood count: 
198027652 vs. 15478 6853; and C-reactive protein: 124.689.8 vs. 68.469.6; P < 0.001), 
longer duration of fever after (P < 0.001) and/or before treatment (P = 0.001), and the 
presence of VUR (P = 0.044). However no relationship was found between renal scarring 
and age at diagnosis or gender.  
Higher inflammatory indices and longer fever duration after and/or before treatment were 
strongly correlated with ALN (Table 4.2), these factors, henceforth, were determined not to 
be independent predictor variables in a multiple logistic regression analysis on renal 
scarring. ALN was shown to be the only independent risk factor for renal scarring (P < 
0.001; Table 4.3) 
The duration and route of administration of antibiotics have been shown not to influence the 
risk for renal scarring in patients with APN (Hoberman and Wald et al. 1999; Bouissou et al. 
2008). Our previous prospective study (Cheng et al. 2006) suggested that 3 weeks of 
antibiotic therapy was the treatment of choice for all radiographically documented ALN 
patients; a longer duration of antibiotic use resulted in the successful treatment for ALN but 
did not reduce the risk for renal scarring. In most reported studies, including ours, the 
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outcome in terms of renal scarring seems to be unrelated to the mode and duration of 
antibiotic treatment. 
 

Parameter 2-wk Treatment  
ALN Group 

3-wk Treatment 
ALN Group P 

Patient number 54 55  
Male/Female 25/29 24/31 NS 

Age (years) 
2.62 ± 3.08 
Median: 1.00 
Range: (0.25, 15.00) 

3.17 ± 3.01  
Median: 1.33 
Range: (0.07, 9.42) 

NS 

WBC count, cells/μl 21144 ± 7205 22014 ± 9608 NS 
C-reactive protein, mg/L 156.1 ± 94.4 150.0 ± 85.1 NS 
Vesicoureteral reflux 48.1% (25/52) 35.9% (19/53) NS 
E. coli percentage in urine culturea 95.1% (39/41) 85.7% (36/42) NS 
Fever duration before treatment, 
days 3.54 ± 2.23 4.07 ± 3.37 NS 

Fever duration after treatment, 
days 3.19 ± 1.76 4.02 ± 2.81 NS 

Time from ALN to DMSA renal 
scan, years 1.27 ± 1.02 1.40 ± 1.18 NS 

Renal scar formation 88.9% (48/54) 89.1% (49/55) NS 
WBC, white blood cell; DMSA, dimercaptosuccinic acid; NS, not significant. a excluding urine cultures 
showing no growth. 

Table 4.1. Demographic and clinical data for 109 patients with ALN (Cheng et al. 2010a). 

 
Parameter APN ALN P 
Patient number 109 109  
Male/Female 49/60 49/60 NS 

Age (years) 
2.80 ± 3.59  
Median: 1.00 
Range: (0.16, 15.00) 

2.90 ± 3.04 
Median: 1.16 
Range: (0.07, 15.00) 

NS 

WBC count, cells/μl 14729 ± 4656 21583 ± 8475 < 0.001 
C-reactive protein, mg/L 53.4 ± 46.5 153.0 ± 89.5 < 0.001 
Vesicoureteral reflux 34.6% (36/104) 41.9% (44/105) NS 
E. coli percentage in urine culturea 78.8% (82/104) 90.4% (75/83) 0.033 
Fever duration before treatment, 
days 1.90 ± 1.62 3.81 ± 2.86 < 0.001 

Fever duration after treatment, 
days 1.02 ± 0.75 3.61 ± 2.37 < 0.001 

Time from APN or ALN to DMSA 
renal scan, years 1.21 ± 1.06 1.34 ± 1.10 NS 

Renal scar formation 34.9% (38/109) 89.0% (97/109) < 0.001 
a excluding urine cultures showing no growth. 

Table 4.2. Demographic and clinical data for patients with APN and patients with ALN 
(Cheng et al. 2010a). 
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all successfully dealt with by an additional ten-day antimicrobial therapy regimen. Whether 
host factors, or the virulence of Escherichia coli, relates to ALN and plays a role leading to 
treatment failure remains an issue that should be clarified. 

4. A high incidence of renal scarring is associated with child with acute lobar 
nephronia 
The pathogenesis of renal scarring after a febrile UTI remains unclear. Some risk factors 
making children with a UTI more vulnerable to renal damage include young age at the time 
of infection (Winberg et al. 1982), delayed treatment (Miller and Phillips 1981; Winberg et al. 
1982), the presence of vesicoureteral reflux (VUR) (Biggi et al. 2001; Chroustova et al. 2006; 
Faust et al. 2009), and although mentioned infrequently, the extent of kidney lesions (Biggi et 
al. 2001). ALN is a severe disease entity, with extensive renal parenchymal involvement 
(Cheng et al. 2009). Thus, we performed a prospective study to evaluate renal scar formation 
after ALN as compared with APN. In this prospective study (Cheng et al. 2010a), we also 
examined nearly all the previously proposed risk factors for renal scarring.  
DMSA scintigraphy is a sensitive diagnostic method for renal scarring but does not always 
distinguish between new and old lesions, or differentiate renal dysplasia from acquired 
post-infection scars. It is possible that we might have overestimated the occurrence of renal 
scars that were related to the index infection. Thus, the exclusion of children with history of 
prior UTI or the development of recurrent UTI before DMSA scintigraphy in current study 
was designed to keep any overestimation of renal scarring to a minimum. 
In this investigation, a total of 218 children with a first documented febrile UTI (109 APN, 
109 ALN) who fulfilled our patient selection criteria and completed the final DMSA 
scintigraphy were analyzed. Patient characteristics were comparable between the two ALN 
treatment groups (Table 4.1). The frequency of renal scarring at scintigraphy was similar 
between the 2-week and 3-week successful treatment groups. The demographic and clinical 
data for the APN (all had received 10-day treatment) and ALN patients are shown in Table 
4.2. Acute lobar nephronia was a more severe disease than APN, as judged by higher 
inflammatory indices and longer fever duration after and/or before treatment. The 
incidence of renal scarring was much higher in ALN than in APN patients. 
Regression analysis of the 218 patients with a first febrile UTI showed that renal scarring 
was more likely to occur in children with higher inflammatory indices (white blood count: 
198027652 vs. 15478 6853; and C-reactive protein: 124.689.8 vs. 68.469.6; P < 0.001), 
longer duration of fever after (P < 0.001) and/or before treatment (P = 0.001), and the 
presence of VUR (P = 0.044). However no relationship was found between renal scarring 
and age at diagnosis or gender.  
Higher inflammatory indices and longer fever duration after and/or before treatment were 
strongly correlated with ALN (Table 4.2), these factors, henceforth, were determined not to 
be independent predictor variables in a multiple logistic regression analysis on renal 
scarring. ALN was shown to be the only independent risk factor for renal scarring (P < 
0.001; Table 4.3) 
The duration and route of administration of antibiotics have been shown not to influence the 
risk for renal scarring in patients with APN (Hoberman and Wald et al. 1999; Bouissou et al. 
2008). Our previous prospective study (Cheng et al. 2006) suggested that 3 weeks of 
antibiotic therapy was the treatment of choice for all radiographically documented ALN 
patients; a longer duration of antibiotic use resulted in the successful treatment for ALN but 
did not reduce the risk for renal scarring. In most reported studies, including ours, the 
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outcome in terms of renal scarring seems to be unrelated to the mode and duration of 
antibiotic treatment. 
 

Parameter 2-wk Treatment  
ALN Group 

3-wk Treatment 
ALN Group P 

Patient number 54 55  
Male/Female 25/29 24/31 NS 

Age (years) 
2.62 ± 3.08 
Median: 1.00 
Range: (0.25, 15.00) 

3.17 ± 3.01  
Median: 1.33 
Range: (0.07, 9.42) 

NS 

WBC count, cells/μl 21144 ± 7205 22014 ± 9608 NS 
C-reactive protein, mg/L 156.1 ± 94.4 150.0 ± 85.1 NS 
Vesicoureteral reflux 48.1% (25/52) 35.9% (19/53) NS 
E. coli percentage in urine culturea 95.1% (39/41) 85.7% (36/42) NS 
Fever duration before treatment, 
days 3.54 ± 2.23 4.07 ± 3.37 NS 

Fever duration after treatment, 
days 3.19 ± 1.76 4.02 ± 2.81 NS 

Time from ALN to DMSA renal 
scan, years 1.27 ± 1.02 1.40 ± 1.18 NS 

Renal scar formation 88.9% (48/54) 89.1% (49/55) NS 
WBC, white blood cell; DMSA, dimercaptosuccinic acid; NS, not significant. a excluding urine cultures 
showing no growth. 

Table 4.1. Demographic and clinical data for 109 patients with ALN (Cheng et al. 2010a). 

 
Parameter APN ALN P 
Patient number 109 109  
Male/Female 49/60 49/60 NS 

Age (years) 
2.80 ± 3.59  
Median: 1.00 
Range: (0.16, 15.00) 

2.90 ± 3.04 
Median: 1.16 
Range: (0.07, 15.00) 

NS 

WBC count, cells/μl 14729 ± 4656 21583 ± 8475 < 0.001 
C-reactive protein, mg/L 53.4 ± 46.5 153.0 ± 89.5 < 0.001 
Vesicoureteral reflux 34.6% (36/104) 41.9% (44/105) NS 
E. coli percentage in urine culturea 78.8% (82/104) 90.4% (75/83) 0.033 
Fever duration before treatment, 
days 1.90 ± 1.62 3.81 ± 2.86 < 0.001 

Fever duration after treatment, 
days 1.02 ± 0.75 3.61 ± 2.37 < 0.001 

Time from APN or ALN to DMSA 
renal scan, years 1.21 ± 1.06 1.34 ± 1.10 NS 

Renal scar formation 34.9% (38/109) 89.0% (97/109) < 0.001 
a excluding urine cultures showing no growth. 

Table 4.2. Demographic and clinical data for patients with APN and patients with ALN 
(Cheng et al. 2010a). 
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Variable aOR 95% CI P Lower Upper 
Disease 
APN 
ALN 

 
1.00 
13.56 

 
-- 
6.53 

 
-- 
28.19 

 
-- 
< 0.001 

Gender 
Male 
Female 

 
1.00 
0.95 

 
-- 
0.47 

 
-- 
1.93 

 
-- 
NS 

Age 
< 1 year 
1-5 years 
> 5 years 

 
1.00 
0.85 
0.91 

 
-- 
0.39 
0.35 

 
-- 
1.86 
2.33 

 
-- 
NS 
NS 

Vesicoureteral reflux (VUR) 
No VUR 
VUR 

 
1.00 
1.83 

 
-- 
0.90 

 
-- 
3.74 

 
-- 
0.096 

Table 4.3. Multiple logistic regression analysis for scar formation (Cheng et al. 2010a). 

The severity of APN as evaluated by the extent of renal lesions on acute DMSA scanning has 
been suggested to be a predictor for renal scarring (Biggi et al. 2001; Chiou et al. 2001). Our 
data on higher renal scar odds ratio in ALN, a more severe form of acute renal infection than 
APN, as well as in higher inflammatory indices and longer fever duration after and/or 
before treatment strongly support this suggestion.  
The role of VUR in the development of renal scars remains controversial (Hoberman and 
Wald et al. 1999; Gordon et al. 2003; Hoberman et al. 2003; Moorthy et al. 2005). Some recent 
prospective studies (Hoberman et al. 2003; Chroustova et al. 2006; Polito et al. 2006; Bouissou 
et al. 2008) and a cross-sectional meta-analysis (Faust et al. 2009) have shown a significant 
association between the presence of VUR and the risk for renal scarring. However, the 
presence of VUR was a weak predictor of renal scarring in the present study. The additional 
effect of VUR above that achieved by including only the presence of ALN (nephromegaly 
and/or severity of infection) in the multiple logistic regression model was not statistically 
significant for predicting renal scarring. 
In conclusion, our results showed a new finding that ALN is associated with a very high 
incidence of renal scarring, in comparison to APN, irrespective of the duration of antibiotic 
treatment. 

5. Comparison of urovirulence factors and genotypes for bacteria causing 
acute lobar nephronia and acute pyelonephritis 
Escherichia coli is the most common cause of various UTIs, including cystitis, prostatitis and 
pyelonephritis (Johnson and Kuskowski et al. 2005). Our early studies showed that E. coli 
was the most common pathogen cultured from the patients with ALN (Cheng et al. 2004, 
2006), having a higher percentage of pathogens than the first-time UTIs (Hoberman and 
Wald 1999). This finding has led us to this investigation of the pathogenetic association of 
the bacterial virulence factors as well as the genotypes of the E. coli isolates in pediatric 
ALN. 
Henceforth, we have sought to determine the role of E. coli urovirulence factors in the 
development of ALN as compared to APN in pediatric patients who have no underlying 
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diseases or urinary anatomical anomalies except vesicoureteral reflux (VUR) (Cheng et al., 
2007). Through our previous published systematic diagnostic scheme (Cheng et al. 2004, 
2006), patients who first presented as febrile UTIs and later were diagnosed with positive 
CT findings of ALN or positive technetium 99m-dimercaptosuccinic acid scintigraphic 
(99mTc-DMSA) findings of APN were enrolled into this study. 
Patients were included for study only if E. coli was the sole isolate recovered from their 
urine specimens. Single colonies of the E. coli were randomly selected from the initial culture 
plate and stored in 20% glycerol at –70C until used. Urovirulent factors examined included 
genes associated with various fimbrial and nonfimbrial adhesins (papG I, papG II, papG III, 
fimH, sfa, foc, afa), aerobactin receptor (iutA), hemolysin (hlyA), and cytotoxic necrotizing 
factor I (cnf1) (Tseng et al. 2001, 2002; Johnson 2003; Johnson and Russo 2005). The difference 
in the prevalence of various E. coli urovirulent factors for the pediatric patients with ALN or 
APN was statistically analyzed. In addition, genotyping of these E. coli isolates was also 
performed to examine the possible clonal differences.  
A total of 88 patients who fulfilled enrollment criteria were included for study. Among 
these, 46 patients were diagnosed with ALN and 42 cases with APN. Seventy-two patients, 
42 from the ALN group and 30 from the APN group, underwent VCUG evaluation. 
Seventeen (40.5%) patients in the ALN group and 12 (40%) in the APN group had VUR. 
Among the patients with VUR, grade-IV reflux or greater was noted in 3 patients each with 
APN and ALN. Among patients who underwent VCUG, no difference in the presence of 
VUR in either frequency or severity was found between the two disease categories. 
Among the 88 E. coli clinical isolates, papG adhesin genes (including classes I to III) were 
detected in 44 of the ALN isolates and 32 of the APN ones (95.7% vs. 76.2%, p<0.05). The 
class II allele was more commonly noted in the group of ALN (95.7% vs. 73.9%, p<0.05; 
Table 5.1) (Cheng et al., 2007). In contrast, no significant difference was found for the class III 
allele between the two groups. None of the isolates had the class I allele. In addition, papG II 
allele was noted in all ALN patients with normal VCUGs (25/25) while only in 16 of the 18 
APN patients with normal VCUGs. The genetic determinant for type 1 fimbriae, fimH, was 
the most common virulence factor (95.5%) found among the isolates; however, no 
statistically significant difference between the two groups was noted. Similarly, the 
remaining genetic determinants for other virulence factors did not reveal any significant 
difference between the two groups. Multivariate logistic regression analysis revealed that 
papG II allele was significantly associated with ALN (p<0.005; odds ratio, 17.16, 95% CI: 
2.76-106.70). This association was independent of the presence of VUR. 
To cause bacterial infections of the upper urinary tract, the microorganisms need to reach 
the kidney through ascending or hematogenous routes. Bacterial adherence to the 
uroepithelial cells by fimbrial or nonfimbrial adhesins is considered to be an important 
factor in the development of upper urinary tract infection via the ascending route (Tseng et 
al. 2001). Among these adhesins, papG variants, which are located at the tip of P-fimbriae 
and bind preferentially to different Gal ( 1-4) Gal-containing glycolipids in the human 
epithelium of proximal and distal tubules and in collecting ducts, have been implicated to 
be associated with the severity of renal infection (Källenius et al. 1981; Johnson 1991; Wang et 
al. 2002; Johnson and Russo 2005). Previous studies have shown that the papG II allele is 
associated with acute pyelonephritis (APN) (Johanson et al. 1993; Otto et al. 1993; Jantunen et 
al. 2000), while the papG III allele predominates in less severe genitourinary infections, such 
as acute cystitis and prostatitis (Johanson et al. 1993; Johnson et al. 1998; Ruiz et al. 2002). 
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Variable aOR 95% CI P Lower Upper 
Disease 
APN 
ALN 

 
1.00 
13.56 

 
-- 
6.53 

 
-- 
28.19 

 
-- 
< 0.001 

Gender 
Male 
Female 

 
1.00 
0.95 

 
-- 
0.47 

 
-- 
1.93 

 
-- 
NS 

Age 
< 1 year 
1-5 years 
> 5 years 

 
1.00 
0.85 
0.91 

 
-- 
0.39 
0.35 

 
-- 
1.86 
2.33 

 
-- 
NS 
NS 

Vesicoureteral reflux (VUR) 
No VUR 
VUR 

 
1.00 
1.83 

 
-- 
0.90 

 
-- 
3.74 

 
-- 
0.096 

Table 4.3. Multiple logistic regression analysis for scar formation (Cheng et al. 2010a). 

The severity of APN as evaluated by the extent of renal lesions on acute DMSA scanning has 
been suggested to be a predictor for renal scarring (Biggi et al. 2001; Chiou et al. 2001). Our 
data on higher renal scar odds ratio in ALN, a more severe form of acute renal infection than 
APN, as well as in higher inflammatory indices and longer fever duration after and/or 
before treatment strongly support this suggestion.  
The role of VUR in the development of renal scars remains controversial (Hoberman and 
Wald et al. 1999; Gordon et al. 2003; Hoberman et al. 2003; Moorthy et al. 2005). Some recent 
prospective studies (Hoberman et al. 2003; Chroustova et al. 2006; Polito et al. 2006; Bouissou 
et al. 2008) and a cross-sectional meta-analysis (Faust et al. 2009) have shown a significant 
association between the presence of VUR and the risk for renal scarring. However, the 
presence of VUR was a weak predictor of renal scarring in the present study. The additional 
effect of VUR above that achieved by including only the presence of ALN (nephromegaly 
and/or severity of infection) in the multiple logistic regression model was not statistically 
significant for predicting renal scarring. 
In conclusion, our results showed a new finding that ALN is associated with a very high 
incidence of renal scarring, in comparison to APN, irrespective of the duration of antibiotic 
treatment. 

5. Comparison of urovirulence factors and genotypes for bacteria causing 
acute lobar nephronia and acute pyelonephritis 
Escherichia coli is the most common cause of various UTIs, including cystitis, prostatitis and 
pyelonephritis (Johnson and Kuskowski et al. 2005). Our early studies showed that E. coli 
was the most common pathogen cultured from the patients with ALN (Cheng et al. 2004, 
2006), having a higher percentage of pathogens than the first-time UTIs (Hoberman and 
Wald 1999). This finding has led us to this investigation of the pathogenetic association of 
the bacterial virulence factors as well as the genotypes of the E. coli isolates in pediatric 
ALN. 
Henceforth, we have sought to determine the role of E. coli urovirulence factors in the 
development of ALN as compared to APN in pediatric patients who have no underlying 
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diseases or urinary anatomical anomalies except vesicoureteral reflux (VUR) (Cheng et al., 
2007). Through our previous published systematic diagnostic scheme (Cheng et al. 2004, 
2006), patients who first presented as febrile UTIs and later were diagnosed with positive 
CT findings of ALN or positive technetium 99m-dimercaptosuccinic acid scintigraphic 
(99mTc-DMSA) findings of APN were enrolled into this study. 
Patients were included for study only if E. coli was the sole isolate recovered from their 
urine specimens. Single colonies of the E. coli were randomly selected from the initial culture 
plate and stored in 20% glycerol at –70C until used. Urovirulent factors examined included 
genes associated with various fimbrial and nonfimbrial adhesins (papG I, papG II, papG III, 
fimH, sfa, foc, afa), aerobactin receptor (iutA), hemolysin (hlyA), and cytotoxic necrotizing 
factor I (cnf1) (Tseng et al. 2001, 2002; Johnson 2003; Johnson and Russo 2005). The difference 
in the prevalence of various E. coli urovirulent factors for the pediatric patients with ALN or 
APN was statistically analyzed. In addition, genotyping of these E. coli isolates was also 
performed to examine the possible clonal differences.  
A total of 88 patients who fulfilled enrollment criteria were included for study. Among 
these, 46 patients were diagnosed with ALN and 42 cases with APN. Seventy-two patients, 
42 from the ALN group and 30 from the APN group, underwent VCUG evaluation. 
Seventeen (40.5%) patients in the ALN group and 12 (40%) in the APN group had VUR. 
Among the patients with VUR, grade-IV reflux or greater was noted in 3 patients each with 
APN and ALN. Among patients who underwent VCUG, no difference in the presence of 
VUR in either frequency or severity was found between the two disease categories. 
Among the 88 E. coli clinical isolates, papG adhesin genes (including classes I to III) were 
detected in 44 of the ALN isolates and 32 of the APN ones (95.7% vs. 76.2%, p<0.05). The 
class II allele was more commonly noted in the group of ALN (95.7% vs. 73.9%, p<0.05; 
Table 5.1) (Cheng et al., 2007). In contrast, no significant difference was found for the class III 
allele between the two groups. None of the isolates had the class I allele. In addition, papG II 
allele was noted in all ALN patients with normal VCUGs (25/25) while only in 16 of the 18 
APN patients with normal VCUGs. The genetic determinant for type 1 fimbriae, fimH, was 
the most common virulence factor (95.5%) found among the isolates; however, no 
statistically significant difference between the two groups was noted. Similarly, the 
remaining genetic determinants for other virulence factors did not reveal any significant 
difference between the two groups. Multivariate logistic regression analysis revealed that 
papG II allele was significantly associated with ALN (p<0.005; odds ratio, 17.16, 95% CI: 
2.76-106.70). This association was independent of the presence of VUR. 
To cause bacterial infections of the upper urinary tract, the microorganisms need to reach 
the kidney through ascending or hematogenous routes. Bacterial adherence to the 
uroepithelial cells by fimbrial or nonfimbrial adhesins is considered to be an important 
factor in the development of upper urinary tract infection via the ascending route (Tseng et 
al. 2001). Among these adhesins, papG variants, which are located at the tip of P-fimbriae 
and bind preferentially to different Gal ( 1-4) Gal-containing glycolipids in the human 
epithelium of proximal and distal tubules and in collecting ducts, have been implicated to 
be associated with the severity of renal infection (Källenius et al. 1981; Johnson 1991; Wang et 
al. 2002; Johnson and Russo 2005). Previous studies have shown that the papG II allele is 
associated with acute pyelonephritis (APN) (Johanson et al. 1993; Otto et al. 1993; Jantunen et 
al. 2000), while the papG III allele predominates in less severe genitourinary infections, such 
as acute cystitis and prostatitis (Johanson et al. 1993; Johnson et al. 1998; Ruiz et al. 2002). 
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Virulence factor ALN group 
(n=46) 

APN group 
(n=42) P 

papG (P-fimbriae)    
   Class I 0 (0%) 0 (0%) --- 
   Class II 44 (95.7%) 31 (73.8%) 0.01 
   Class III 5 (10.9%) 4 (9.5%) NS 
fimH (type 1 fimbriae) 44 (95.7%) 40 (95.2%) NS 
sfa (S-fimbriae) 7 (15.2%) 4 (9.5%) NS 
foc (F1C-fimbriae) 5 (10.9%) 8 (19.1%) NS 
afa (afimbrial adhesins) 3 (6.5%) 4 (9.5%) NS 
iutA (aerobactin receptor) 35 (76.1%) 32 (76.2%) NS 
hlyA (hemolysin) 21 (45.7%) 23 (54.8%) NS 
Cnf1 (cytotoxic necrotizing factor 1) 8 (17.4%) 14 (33.3%) NS 

NS indicates not significant  

Table 5.1. Comparison of virulence factors of Escherichia coli isolated from patients with ALN 
and APN (Cheng et al., 2007). 

Results in this study (Cheng et al. 2007) also indicated that papG II was significantly more 
prevalent in pediatric patients with ALN than those with APN. This finding provides 
further evidence that the papG II allele might play a more important pathogenic role than 
other adhesins in the development of severe renal infectious diseases. In addition, this 
finding may offer an insight for the future development of vaccine against such severe renal 
parenchymal inflammatory diseases. 
The fimH gene sequence which encodes the type I fimbriae was present uniformly in most of 
the isolates from either ALN or APN patients. This is in accordance with the fact that type I 
fimbriae is present in nearly all E. coli isolates from patients with various UTIs, ranging from 
cystitis, prostatitis to APN (Johnson and Stell 2000; Johnson and Russo 2005). This study 
further extends the proposed mechanism that fimH gene (i.e. type I fimbriae) was generally 
required for renal bacterial infection disease to be occurred, no matter what degree of 
severity it is. In contrast, other fimbrial and nonfimbrial adhesins (i.e. sfa, foc, and afa genes) 
were rarely detected among our isolates and their pathogenic roles in ALN and APN are 
likely of less importance, a finding similar to those reported previously in the less severe 
renal infection categories (Siitonen et al. 1993; Blanco et al. 1997; Mitsumori et al. 1998). 
Host compromise can decrease the requirements for bacterial virulence in causing severe 
urinary tract infections, and, henceforth, change the distribution of papG pathogenetic 
determinants among the clinical isolates studied (Jantunen et al. 2000; Tseng et al. 2001, 2002; 
Johnson and Russo 2005). In this study, the lack of influence of VUR, the only host 
compromising factor revealed, on the determination of urovirulence factors could be due to 
the similar distribution and severity of VUR between these two groups. Such similarities in 
VUR severity distribution and occurrence frequency were also reported in our earlier 
studies and many others (Kline et al. 1988; Sargent and Stringer 1995; Uehling et al. 2000; 
Cheng et al. 2004, 2006). In addition, this frequency of VUR among patients with ALN or 
APN (~ 40%) is close to that in children with UTI (Ilyas et al. 2002). Thus, VUR may not be a 
necessary prerequisite (i.e. significant predisposing host factor) for the development of 
ALN. 
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Fig. 5.1. PFGE pattern of representative XbaI-digested genomic DNA from Escherichia coli 
isolates. Lane M, lambda DNA concatemer standard; lanes 1-5, 7, and 8, clinical isolates in 
the APN group; lanes 6, 9-13, clinical isolates in the ALN patients. (Cheng et al., 2007). 

A total of 85 genotypes were found among the 88 E. coli isolates. Some representative 
banding patterns are shown in Figure 5.1 (Cheng et al., 2007). These isolates from both ALN 
and APN patients demonstrated a variety of genotypes. A total of 85 genotypes contained 
multiple isolates, and 2 genotypes contained isolates from both ALN and APN groups, 
suggesting that isolates of the same clone could be associated with either entity. 
In summary, PFGE analysis indicated that no major genotype was associated with the 
disease category among these 88 clinical E. coli isolates. As to the urovirulence factors 
examined, the papG class II gene was the most strongly associated pathogenic determinant 
for the pediatric ALN patients who have no underlying diseases except VUR. Furthermore, 
even without VUR, patients can still develop clinical symptoms and radiographic 
characteristics associated with ALN in the presence of papG II gene. 

6. Comparison of bacterial urovirulence genotypes among patients with 
urosepsis, acute pyelonephritis, and acute lobar nephronia 
Complex pathogen–host interactions determine the patient’s susceptibility to bacterial 
infections (Rushton 1997; Ma and Shortliffe 2004). Various virulence factors have been 
identified that enhance E. coli uropathogenicity, including the facilitation of colonization and 
invasion of the host, avoidance or disruption of host defense mechanisms, injury to host 
tissue, and/or stimulation of a noxious host inflammatory responses (Rushton 1997; 
Johnson and Stell 2000). Furthermore, some virulence factors are more prevalent in specific 
urinary tract infectious diseases, thus offering insights into future vaccine development 
(Jantunen et al. 2000; Ruiz et al. 2002; Tseng et al. 2002). 
We sought to further elucidate the roles of E. coli virulence factors in the development of 
urosepsis and two other severe renal parenchymal infectious diseases, APN and ALN, in 
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Virulence factor ALN group 
(n=46) 

APN group 
(n=42) P 

papG (P-fimbriae)    
   Class I 0 (0%) 0 (0%) --- 
   Class II 44 (95.7%) 31 (73.8%) 0.01 
   Class III 5 (10.9%) 4 (9.5%) NS 
fimH (type 1 fimbriae) 44 (95.7%) 40 (95.2%) NS 
sfa (S-fimbriae) 7 (15.2%) 4 (9.5%) NS 
foc (F1C-fimbriae) 5 (10.9%) 8 (19.1%) NS 
afa (afimbrial adhesins) 3 (6.5%) 4 (9.5%) NS 
iutA (aerobactin receptor) 35 (76.1%) 32 (76.2%) NS 
hlyA (hemolysin) 21 (45.7%) 23 (54.8%) NS 
Cnf1 (cytotoxic necrotizing factor 1) 8 (17.4%) 14 (33.3%) NS 

NS indicates not significant  

Table 5.1. Comparison of virulence factors of Escherichia coli isolated from patients with ALN 
and APN (Cheng et al., 2007). 

Results in this study (Cheng et al. 2007) also indicated that papG II was significantly more 
prevalent in pediatric patients with ALN than those with APN. This finding provides 
further evidence that the papG II allele might play a more important pathogenic role than 
other adhesins in the development of severe renal infectious diseases. In addition, this 
finding may offer an insight for the future development of vaccine against such severe renal 
parenchymal inflammatory diseases. 
The fimH gene sequence which encodes the type I fimbriae was present uniformly in most of 
the isolates from either ALN or APN patients. This is in accordance with the fact that type I 
fimbriae is present in nearly all E. coli isolates from patients with various UTIs, ranging from 
cystitis, prostatitis to APN (Johnson and Stell 2000; Johnson and Russo 2005). This study 
further extends the proposed mechanism that fimH gene (i.e. type I fimbriae) was generally 
required for renal bacterial infection disease to be occurred, no matter what degree of 
severity it is. In contrast, other fimbrial and nonfimbrial adhesins (i.e. sfa, foc, and afa genes) 
were rarely detected among our isolates and their pathogenic roles in ALN and APN are 
likely of less importance, a finding similar to those reported previously in the less severe 
renal infection categories (Siitonen et al. 1993; Blanco et al. 1997; Mitsumori et al. 1998). 
Host compromise can decrease the requirements for bacterial virulence in causing severe 
urinary tract infections, and, henceforth, change the distribution of papG pathogenetic 
determinants among the clinical isolates studied (Jantunen et al. 2000; Tseng et al. 2001, 2002; 
Johnson and Russo 2005). In this study, the lack of influence of VUR, the only host 
compromising factor revealed, on the determination of urovirulence factors could be due to 
the similar distribution and severity of VUR between these two groups. Such similarities in 
VUR severity distribution and occurrence frequency were also reported in our earlier 
studies and many others (Kline et al. 1988; Sargent and Stringer 1995; Uehling et al. 2000; 
Cheng et al. 2004, 2006). In addition, this frequency of VUR among patients with ALN or 
APN (~ 40%) is close to that in children with UTI (Ilyas et al. 2002). Thus, VUR may not be a 
necessary prerequisite (i.e. significant predisposing host factor) for the development of 
ALN. 
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In summary, PFGE analysis indicated that no major genotype was associated with the 
disease category among these 88 clinical E. coli isolates. As to the urovirulence factors 
examined, the papG class II gene was the most strongly associated pathogenic determinant 
for the pediatric ALN patients who have no underlying diseases except VUR. Furthermore, 
even without VUR, patients can still develop clinical symptoms and radiographic 
characteristics associated with ALN in the presence of papG II gene. 

6. Comparison of bacterial urovirulence genotypes among patients with 
urosepsis, acute pyelonephritis, and acute lobar nephronia 
Complex pathogen–host interactions determine the patient’s susceptibility to bacterial 
infections (Rushton 1997; Ma and Shortliffe 2004). Various virulence factors have been 
identified that enhance E. coli uropathogenicity, including the facilitation of colonization and 
invasion of the host, avoidance or disruption of host defense mechanisms, injury to host 
tissue, and/or stimulation of a noxious host inflammatory responses (Rushton 1997; 
Johnson and Stell 2000). Furthermore, some virulence factors are more prevalent in specific 
urinary tract infectious diseases, thus offering insights into future vaccine development 
(Jantunen et al. 2000; Ruiz et al. 2002; Tseng et al. 2002). 
We sought to further elucidate the roles of E. coli virulence factors in the development of 
urosepsis and two other severe renal parenchymal infectious diseases, APN and ALN, in 
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pediatric patients who show no host-compromising factors, except for vesicoureteral reflux 
(VUR) (Cheng et al., 2010b). Twenty-five virulence factors were analyzed, including genes 
associated with fimbrial and nonfimbrial adhesins (papAH, papC, papEF, papG I, papG II, 
papG III, sfaS, focG, afa, bmaE, gafD, nfaE, fimH), toxins (hlyA, cnf1, cdtB), siderophores (fyuA, 
iutA), capsule synthesis (kpsMT II, kpsMT III), invasion of brain endothelium (ibeA), serum-
resistance (traT), markers for virulence-associated E. coli serogroup O4 (rfc) and colcin V 
plasmids (cvaC), and the coding region of PAI from the uropathogenic strain CFT073 (PAI) 
(Johnson and Stell 2000; Jantunen et al. 2000; Tseng et al. 2002; Johnson and Kuskowski et al. 
2005; Cheng et al. 2007). Moreover, the prevalence rates of these 25 urovirulence genes for 
patients with the three invasive UTIs (i.e. APN, ALN, and urosepsis) will also be compared 
with those for patients diagnosed as cystitis. 
The inclusion criteria and diagnostic scheme for patients with documented episodes of ALN 
or APN were the same as those stated in our earlier publication (Cheng et al. 2007). 
Urosepsis was defined as a patient with bacteremia arising from a urinary tract source 
(Johnson et al. 1988). Cystitis was defined as afebrile pediatric patients with just only 
localizing symptoms such as dysuria, frequency, urgency, cloudy urine or lower abdominal 
discomfort. Exclusion criteria included any evidence of underlying diseases such as diabetes 
or immunodeficiency, or any structural anomalies such as neurogenic bladder, posterior 
urethral valve, urinary diversion, bladder diverticulum, ureterocele, and urinary tract 
obstruction apart from VUR. 
Among the 123 E. coli isolates from APN, ALN and urosepsis, the overall prevalence rate of 
various virulence factors ranged from 2% (nfaE, nonfimbrial adhesin-1) to 97% (fimH, Type I 
fimbriae). In addition, all but one APN clinical isolate presented at least one adhesin. Of the 
25 virulence factors examined, 17 showed a statistically significant distribution among these 
three invasive UTI categories (Table 6.1). ALN isolates differed significantly from other 
invasive UTI isolates (i.e. APN and urosepsis) due to their lower prevalence of cdtB and a 
medium prevalence of cvaC. Moreover, ALN isolates showed a higher prevalence of papAH, 
papC, papEF, and papG II, compared with APN isolates, and a lower prevalence of papG I, 
focG, afa, bmaE, hlyA, cnf1, iutA, kpsMT III, rfc, and traT compared with urosepsis isolates. 
APN isolates were significantly different from other two types of invasive isolates due to a 
lower prevalence of cvaC. Additionally, APN isolates had a lower prevalence of papG I, focG, 
afa, bmaE, iutA, kpsMT III, rfc, traT, and PAI compared with urosepsis isolates. Finally, 
urosepsis isolates significantly differed from all other two types of invasive UTI isolates due 
to a higher prevalence of papG I, focG, afa, bmaE, iutA, kpsMT III, rfc, cvaC, and traT  
(Table 6.1). 
In contrast, among the 24 clinical isolates from cystitis, eight virulence genes were not noted, 
and in which, six were bacterial adhesins (i.e. papG I, sfaS, afa, bmaE, gafD, nfaE). However, 
the highest prevalence rate (100%) was noted in fimH adhesin, the virulence gene sequence 
encoding type I fimbriae. As compared to the combination of three invasive UTI diseases 
(i.e. APN, ALN and urosepsis), the cystitis isolates had a lower prevalence of papAH, papC, 
papEF, papG II, sfaS, afa, bmaE, hlyA, cdtB, fyuA and ibeA (Table 6.1). 
In this investigation, none of the patients presented with any evidence of underlying disease 
or structural anomalies except VUR, and a similar distribution of severity and frequency of 
occurrence of VUR was noted among the three different invasive UTI disease groups; APN, 
ALN, and, urosepsis. Hence, distinct syndrome-specific differences in distribution for 
certain virulence factors, but conservation across syndromes for others, is likely related to 
differences in bacterial urovirulence and uropathogenicity among these three invasive 
bacterial urinary infectious diseases. 
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pediatric patients who show no host-compromising factors, except for vesicoureteral reflux 
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associated with fimbrial and nonfimbrial adhesins (papAH, papC, papEF, papG I, papG II, 
papG III, sfaS, focG, afa, bmaE, gafD, nfaE, fimH), toxins (hlyA, cnf1, cdtB), siderophores (fyuA, 
iutA), capsule synthesis (kpsMT II, kpsMT III), invasion of brain endothelium (ibeA), serum-
resistance (traT), markers for virulence-associated E. coli serogroup O4 (rfc) and colcin V 
plasmids (cvaC), and the coding region of PAI from the uropathogenic strain CFT073 (PAI) 
(Johnson and Stell 2000; Jantunen et al. 2000; Tseng et al. 2002; Johnson and Kuskowski et al. 
2005; Cheng et al. 2007). Moreover, the prevalence rates of these 25 urovirulence genes for 
patients with the three invasive UTIs (i.e. APN, ALN, and urosepsis) will also be compared 
with those for patients diagnosed as cystitis. 
The inclusion criteria and diagnostic scheme for patients with documented episodes of ALN 
or APN were the same as those stated in our earlier publication (Cheng et al. 2007). 
Urosepsis was defined as a patient with bacteremia arising from a urinary tract source 
(Johnson et al. 1988). Cystitis was defined as afebrile pediatric patients with just only 
localizing symptoms such as dysuria, frequency, urgency, cloudy urine or lower abdominal 
discomfort. Exclusion criteria included any evidence of underlying diseases such as diabetes 
or immunodeficiency, or any structural anomalies such as neurogenic bladder, posterior 
urethral valve, urinary diversion, bladder diverticulum, ureterocele, and urinary tract 
obstruction apart from VUR. 
Among the 123 E. coli isolates from APN, ALN and urosepsis, the overall prevalence rate of 
various virulence factors ranged from 2% (nfaE, nonfimbrial adhesin-1) to 97% (fimH, Type I 
fimbriae). In addition, all but one APN clinical isolate presented at least one adhesin. Of the 
25 virulence factors examined, 17 showed a statistically significant distribution among these 
three invasive UTI categories (Table 6.1). ALN isolates differed significantly from other 
invasive UTI isolates (i.e. APN and urosepsis) due to their lower prevalence of cdtB and a 
medium prevalence of cvaC. Moreover, ALN isolates showed a higher prevalence of papAH, 
papC, papEF, and papG II, compared with APN isolates, and a lower prevalence of papG I, 
focG, afa, bmaE, hlyA, cnf1, iutA, kpsMT III, rfc, and traT compared with urosepsis isolates. 
APN isolates were significantly different from other two types of invasive isolates due to a 
lower prevalence of cvaC. Additionally, APN isolates had a lower prevalence of papG I, focG, 
afa, bmaE, iutA, kpsMT III, rfc, traT, and PAI compared with urosepsis isolates. Finally, 
urosepsis isolates significantly differed from all other two types of invasive UTI isolates due 
to a higher prevalence of papG I, focG, afa, bmaE, iutA, kpsMT III, rfc, cvaC, and traT  
(Table 6.1). 
In contrast, among the 24 clinical isolates from cystitis, eight virulence genes were not noted, 
and in which, six were bacterial adhesins (i.e. papG I, sfaS, afa, bmaE, gafD, nfaE). However, 
the highest prevalence rate (100%) was noted in fimH adhesin, the virulence gene sequence 
encoding type I fimbriae. As compared to the combination of three invasive UTI diseases 
(i.e. APN, ALN and urosepsis), the cystitis isolates had a lower prevalence of papAH, papC, 
papEF, papG II, sfaS, afa, bmaE, hlyA, cdtB, fyuA and ibeA (Table 6.1). 
In this investigation, none of the patients presented with any evidence of underlying disease 
or structural anomalies except VUR, and a similar distribution of severity and frequency of 
occurrence of VUR was noted among the three different invasive UTI disease groups; APN, 
ALN, and, urosepsis. Hence, distinct syndrome-specific differences in distribution for 
certain virulence factors, but conservation across syndromes for others, is likely related to 
differences in bacterial urovirulence and uropathogenicity among these three invasive 
bacterial urinary infectious diseases. 
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Table 6.1. Comparison between virulence factors among 147 Escherichia coli isolates from 
patients with cystitis, acute pyelonephritis (APN), acute lobar nephronia (ALN), or 
urosepsis. (Cheng et al., 2010b). 
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The fimH, the gene sequence that encodes type I fimbriae, was found in nearly all strains 
(97%) from these three invasive UTI diseases and did not vary statistically among these 
three syndromes. This finding further extends the proposed mechanism, namely, that the 
fimH gene is generally required for renal bacterial infectious disease to occur, regardless of 
level (Johnson and Stell 2000; Tseng et al. 2002; Johnson and Russo 2005; Moreno et al. 2005; 
Cheng et al. 2007).  
An aggregate virulence factor score for each isolate was calculated as the number of unique 
virulence factors detected, with adjustment for multiple detection of pap (P-fimbriae) and 
sfa/foc (S/F1C fimbriae) (Johnson and Kuskowski et al. 2005). The median scores were 6.5 
(range: 1-12), 9 (range: 2–12), 9 (range: 6–13), and 14 (range: 9–17) for cystitis, APN, ALN, 
and urosepsis isolates, respectively. A Kruskal-Wallis nonparametric one way ANOVA 
analysis indicated the aggregate virulence factor score was significantly different among 
these four disease groups (p < 0.0001). Post hoc analyses using Dunn method (2-sided) 
between any two disease categories indicated that urosepsis isolates presented significantly 
higher aggregate virulence scores than isolates from any other three diseases (urosepsis vs. 
cystitis, urosepsis vs. APN and urosepsis vs. ALN; p < 0.0001). Isolates from cystitis, rather, 
showed significantly lower aggregate virulence scores than those from any other three 
invasive UTI diseases (cystitis vs. APN and cystitis vs. ALN; p < 0.01; cystitis vs. urosepsis; p 
< 0.0001). However, no significant difference was noted between the APN and ALN isolates 
(p = 0.88).  
In summary, for the three invasive urinary infectious diseases, distinct syndrome-specific 
differences in distribution for certain virulence factors, but conservation across syndromes 
for others is noted. This likely resulted from the differences in bacterial urovirulence and 
uropathogenicity. Our findings also suggested that urosepsis isolates carry more virulence 
factors and are therefore likely more urovirulent compared with cystitis, APN and ALN 
isolates. 

7. Genetic polymorphisms and susceptibility for pediatric patients with 
parenchymal renal infections 
Despite of aforementioned efforts on correlating urovirulence factors of uropathogenic E. 
coli with the disease severity, the intra-individual differences in clinical presentations are 
still noted among UTI patients. This underlies the importance of host factors, such as 
mechanistic dysfunctions like vesicoureteral reflux (VUR) and genetic variations, in 
patient’s susceptibility to the bacterial invasion and infection (Artifoni et al. 2007; Lundstedt 
and Leijonhufvud et al. 2007; Lundstedt and McCarthy et al. 2007; Hawn, Scholes and Li et al. 
2009; Sivick and Mobley 2010).  
The inflammatory response caused by the attachment/invasion of uropathogenic E. coli into 
the urinary tract is determined by different molecular interactions between the bacteria and 
epithelial cells (Artifoni et al. 2007; Sivick and Mobley 2010). The initial recognition for 
bacterial attachment/invasion occurs through the coordination efforts of various toll-like 
receptors and different Pathogen-Associated Molecular Patterns (PAMPs) such as bacterial 
flagellin and lipopolysaccharide (Hawn, Scholes and Li et al. 2009). Following that, potent 
chemoattractants secreted by the infected epithelial cells will attract inflammatory cells, and 
the chemokine receptors will then direct recruited inflammatory cells’ interactions with 
mucosal barrier. Subsequent steps in the inflammatory process will determine the balance 
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The fimH, the gene sequence that encodes type I fimbriae, was found in nearly all strains 
(97%) from these three invasive UTI diseases and did not vary statistically among these 
three syndromes. This finding further extends the proposed mechanism, namely, that the 
fimH gene is generally required for renal bacterial infectious disease to occur, regardless of 
level (Johnson and Stell 2000; Tseng et al. 2002; Johnson and Russo 2005; Moreno et al. 2005; 
Cheng et al. 2007).  
An aggregate virulence factor score for each isolate was calculated as the number of unique 
virulence factors detected, with adjustment for multiple detection of pap (P-fimbriae) and 
sfa/foc (S/F1C fimbriae) (Johnson and Kuskowski et al. 2005). The median scores were 6.5 
(range: 1-12), 9 (range: 2–12), 9 (range: 6–13), and 14 (range: 9–17) for cystitis, APN, ALN, 
and urosepsis isolates, respectively. A Kruskal-Wallis nonparametric one way ANOVA 
analysis indicated the aggregate virulence factor score was significantly different among 
these four disease groups (p < 0.0001). Post hoc analyses using Dunn method (2-sided) 
between any two disease categories indicated that urosepsis isolates presented significantly 
higher aggregate virulence scores than isolates from any other three diseases (urosepsis vs. 
cystitis, urosepsis vs. APN and urosepsis vs. ALN; p < 0.0001). Isolates from cystitis, rather, 
showed significantly lower aggregate virulence scores than those from any other three 
invasive UTI diseases (cystitis vs. APN and cystitis vs. ALN; p < 0.01; cystitis vs. urosepsis; p 
< 0.0001). However, no significant difference was noted between the APN and ALN isolates 
(p = 0.88).  
In summary, for the three invasive urinary infectious diseases, distinct syndrome-specific 
differences in distribution for certain virulence factors, but conservation across syndromes 
for others is noted. This likely resulted from the differences in bacterial urovirulence and 
uropathogenicity. Our findings also suggested that urosepsis isolates carry more virulence 
factors and are therefore likely more urovirulent compared with cystitis, APN and ALN 
isolates. 

7. Genetic polymorphisms and susceptibility for pediatric patients with 
parenchymal renal infections 
Despite of aforementioned efforts on correlating urovirulence factors of uropathogenic E. 
coli with the disease severity, the intra-individual differences in clinical presentations are 
still noted among UTI patients. This underlies the importance of host factors, such as 
mechanistic dysfunctions like vesicoureteral reflux (VUR) and genetic variations, in 
patient’s susceptibility to the bacterial invasion and infection (Artifoni et al. 2007; Lundstedt 
and Leijonhufvud et al. 2007; Lundstedt and McCarthy et al. 2007; Hawn, Scholes and Li et al. 
2009; Sivick and Mobley 2010).  
The inflammatory response caused by the attachment/invasion of uropathogenic E. coli into 
the urinary tract is determined by different molecular interactions between the bacteria and 
epithelial cells (Artifoni et al. 2007; Sivick and Mobley 2010). The initial recognition for 
bacterial attachment/invasion occurs through the coordination efforts of various toll-like 
receptors and different Pathogen-Associated Molecular Patterns (PAMPs) such as bacterial 
flagellin and lipopolysaccharide (Hawn, Scholes and Li et al. 2009). Following that, potent 
chemoattractants secreted by the infected epithelial cells will attract inflammatory cells, and 
the chemokine receptors will then direct recruited inflammatory cells’ interactions with 
mucosal barrier. Subsequent steps in the inflammatory process will determine the balance 
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between the health and the disease severity (Godaly et al. 2001; Artifoni et al. 2007). 
Neutrophil-dependent innate host defense system is considered to be an important 
antimicrobial process to maintain the sterility of the urinary tract. It starts from signal 
transmission by cooperative efforts of toll-like receptor 4 (TLR-4) and P fimbriae of 
uropathogenic E. coli, followed by the secretion of main chemoattractant for neutrophils, IL-
8. The IL-8 mediates its effects on neutrophil chemotaxis, transepithelial infiltration into the 
urinary tract, activation and phagocytosis and killing of bacteria through the receptors 
CXCR1 and CXCR2 (Godaly et al. 2001; Lundstedt and Leijonhufvud et al. 2007; Lundstedt 
and McCarthy et al. 2007). 
Henceforth, we sought to determine the correlations in the polymorphisms for genes 
regulating the initial recognition of bacterial invasion (i.e. TLR-4, toll-like receptor 4) and 
subsequent neutrophil infiltration and activation for bacteria clearance (i.e. IL-8, interleukin-
8; and CXCR1, CXCR2; receptors for interleukin-8) among the pediatric UTI patients with 
different clinical severity; namely, acute pyelonephritis (APN) and the clinically more severe 
UTI disease, acute lobar nephronia (ALN) (Cheng et al., 2011a). In addition, since VUR is a 
well-known risk factor for severe parenchymal infectious disease as APN (Orellana et al. 
2004; Artifoni et al. 2007), a subgroup of APN and ALN patients without VUR will also be 
examined to exclude the possible effects caused by VUR. 
Statistical analyses using log-additive model has revealed that only IL-8 (rs4073) showed 
significant difference in genotype frequency between the control group and APN, ALN or 
combined cases (Table 7.1) for APN vs. control; ALN vs. control and combined vs. control, 
respectively). In addition, the genotype AA in IL-8 (rs4073) was associated with the severe 
upper UTIs (i.e. APN and ALN) in comparison to the TT and TA genotypes (Table 7.1) for 
APN vs. control; ALN vs. control and combined vs. control, respectively). The allele 
frequency analyses have shown that the minor allele, “A”, in IL-8 (rs4073) is more prevalent 
in the severe upper UTI groups than in the control for APN vs. control; ALN vs. control and 
combined vs. control, respectively (Table 7.2) (Cheng et al. 2011a). 
Since vesicoureteral reflux (VUR) has been suggested as the significant host risk factor for 
upper UTIs (Orellana et al. 2004; Artifoni et al. 2007), we subsequently evaluated the results 
of genetic analysis in the subgroup of APN and ALN patients with no VUR. In the no-VUR 
subgroup of APN and ALN patients, only ALN and APN+ALN group presented a 
statistically significant difference in IL-8 (rs4073) genotype frequency using log-additive 
model (OR (95% CI): 1.47 (1.03, 2.10); 1.50 (1.09, 2.06) for ALN vs. control; and combined vs. 
control, respectively). In comparison to the TT and TA genotypes in IL-8 (rs4073) SNP, a 
significant higher AA genotype frequency was noted in the no-VUR subgroup of ALN and 
APN+ALN cases (recessive model, OR (95% CI): 2.31 (1.15, 4.65); 2.15 (1.13, 4.09) for ALN 
vs. control; and combined vs. control, respectively). These two no-VUR subgroups (i.e. ALN 
and APN+ALN) also presented a significant higher minor allele (i.e. “A” in IL-8 (rs4073)) 
frequency than in the control (OR (95%CI): 1.43 (1.02, 2.01); 1.45 (1.07, 1.96) for ALN vs. 
control and combined vs. control, respectively). 
This investigation (Cheng et al. 2011a) has indicated that APN and ALN patients have 
distinctive higher AA genotype frequency and A allele occurrence in IL-8 (rs 4073) as 
compared to the controls. In contrast, no differences in TLR-4 (rs10759932), CXCR1 
(rs16858808) and CXCR2 (rs4674258) were noted among the APN, ALN and control. The 
polymorphism for IL-8 (rs4073) occurs at -251A>T position in the 5’ promoter region of IL-8.  
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in the severe upper UTI groups than in the control for APN vs. control; ALN vs. control and 
combined vs. control, respectively (Table 7.2) (Cheng et al. 2011a). 
Since vesicoureteral reflux (VUR) has been suggested as the significant host risk factor for 
upper UTIs (Orellana et al. 2004; Artifoni et al. 2007), we subsequently evaluated the results 
of genetic analysis in the subgroup of APN and ALN patients with no VUR. In the no-VUR 
subgroup of APN and ALN patients, only ALN and APN+ALN group presented a 
statistically significant difference in IL-8 (rs4073) genotype frequency using log-additive 
model (OR (95% CI): 1.47 (1.03, 2.10); 1.50 (1.09, 2.06) for ALN vs. control; and combined vs. 
control, respectively). In comparison to the TT and TA genotypes in IL-8 (rs4073) SNP, a 
significant higher AA genotype frequency was noted in the no-VUR subgroup of ALN and 
APN+ALN cases (recessive model, OR (95% CI): 2.31 (1.15, 4.65); 2.15 (1.13, 4.09) for ALN 
vs. control; and combined vs. control, respectively). These two no-VUR subgroups (i.e. ALN 
and APN+ALN) also presented a significant higher minor allele (i.e. “A” in IL-8 (rs4073)) 
frequency than in the control (OR (95%CI): 1.43 (1.02, 2.01); 1.45 (1.07, 1.96) for ALN vs. 
control and combined vs. control, respectively). 
This investigation (Cheng et al. 2011a) has indicated that APN and ALN patients have 
distinctive higher AA genotype frequency and A allele occurrence in IL-8 (rs 4073) as 
compared to the controls. In contrast, no differences in TLR-4 (rs10759932), CXCR1 
(rs16858808) and CXCR2 (rs4674258) were noted among the APN, ALN and control. The 
polymorphism for IL-8 (rs4073) occurs at -251A>T position in the 5’ promoter region of IL-8.  
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Table 7.1. Genotypic analysis of single nucleotide polymorphisms (SNPs) (Cheng et al., 
2011a). 
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Hence, current finding is in parallel to an earlier report in which A allele in -251A>T is 
significantly associated with the presence of dimercapto-succinic acid scan documented 
APN (Artifoni et al. 2007). This has been attributed to the association of A allele with an 
increase in IL-8 production (Hull et al. 2001; Artifoni et al. 2007). In addition, AA genotype 
has been linked to the increased level of fecal IL-8 and the occurrence of enteroaggregative 
E. coli-associated diarrhea (Jiang et al. 2003). Therefore, the IL-8 (rs4073) SNP for APN and 
ALN patients could be related to the up-regulated IL-8 expression that has subsequently 
resulted in severe clinical inflammatory responses noted clinically. Furthermore, after 
elimination of VUR, the well-known risk factor for severe UTIs, from analyses, only ALN 
patients presented SNP in IL-8 (rs4073) while APN did not. Since the inflammatory 
responses in ALN patients are more sever than in APN ones (e.g. higher CRP value and 
longer fever duration after antibiotic treatment), this finding further supports the role of 
polymorphism in IL-8 (rs4073, -251A>T) in IL-8 up-regulation. 
In summary, the SNP in the inflammatory chemokine IL-8, a higher frequency in AA 
genotype and A allele, is involved in the susceptibility and clinical responses in pediatric 
APN and ALN cases. In addition, after removing VUR, the significant risk factor for 
parenchymal infection, from statistical analysis, the IL-8 SNP is only noted in the no-VUR 
subgroup of clinically more severe ALN patients. This suggests IL-8 (rs4073) SNP is 
correlated to the clinical severity of parenchymal infection, likely due to the up-regulated IL-
8 expression by the AA genotype and A allele. 
 

SNP Minor allele frequencya (%)  APN vs. 
Control  ALN vs. 

Control  Combined vs. 
Control 

 Control APN ALN Combinedb  OR 
(95% CI) Pc  OR 

(95% CI) Pc  OR (95% 
CI) Pc 

CXCR1 
(rs16858808) 1.80 2.21 3.31 2.87  

1.23 
(0.40, 
3.81) 

0.72  
1.87 

(0.74, 
4.70) 

0.18  
1.61 

(0.68, 
3.79) 

0.28 

CXCR2 
(rs4674258) 33.03 33.63 30.12 31.54  

1.03 
(0.73, 
1.44) 

0.88  
0.87 

(0.64, 
1.19) 

0.39  
0.93 

(0.72, 
1.22) 

0.62 

IL-8  
(rs4073) 32.65 40.71 41.27 41.04  

1.42 
(1.02, 
1.97) 

0.04  
1.45 

(1.08, 
1.95) 

0.01  
1.44 

(1.11, 
1.86) 

0.01 

TLR-4 
(rs10759932) 26.82 23.87 26.67 25.54  

0.86 
(0.59, 
1.24) 

0.41  
0.99 

(0.72, 
1.37) 

0.96  
0.94 

(0.70, 
1.24) 

0.65 

a Minor allele: CXCR1, T; CXCR2, T; IL-8, A; TLR-4, C. 
b Combined: APN+ALN 
c The P values are shown in bold when P < 0.05. 

Table 7.2. Allele frequency analysis of single nucleotide polymorphisms (SNPs) by logistic 
regression model. (Cheng et al., 2011a). 

8. Conclusion 
A new imaging scheme that combines US and CT has been developed for effective ALN 
diagnosis. In this scheme, patients suspected of suffering from UTI [i.e. who had pyuria (> 5 



Urinary Tract Infections 354 

 
Table 7.1. Genotypic analysis of single nucleotide polymorphisms (SNPs) (Cheng et al., 
2011a). 

Studies on Clinical Characteristics,
Urovirulence Factor and Host Susceptibility Gene in Pediatric Acute Lobar Nephronia 355 

Hence, current finding is in parallel to an earlier report in which A allele in -251A>T is 
significantly associated with the presence of dimercapto-succinic acid scan documented 
APN (Artifoni et al. 2007). This has been attributed to the association of A allele with an 
increase in IL-8 production (Hull et al. 2001; Artifoni et al. 2007). In addition, AA genotype 
has been linked to the increased level of fecal IL-8 and the occurrence of enteroaggregative 
E. coli-associated diarrhea (Jiang et al. 2003). Therefore, the IL-8 (rs4073) SNP for APN and 
ALN patients could be related to the up-regulated IL-8 expression that has subsequently 
resulted in severe clinical inflammatory responses noted clinically. Furthermore, after 
elimination of VUR, the well-known risk factor for severe UTIs, from analyses, only ALN 
patients presented SNP in IL-8 (rs4073) while APN did not. Since the inflammatory 
responses in ALN patients are more sever than in APN ones (e.g. higher CRP value and 
longer fever duration after antibiotic treatment), this finding further supports the role of 
polymorphism in IL-8 (rs4073, -251A>T) in IL-8 up-regulation. 
In summary, the SNP in the inflammatory chemokine IL-8, a higher frequency in AA 
genotype and A allele, is involved in the susceptibility and clinical responses in pediatric 
APN and ALN cases. In addition, after removing VUR, the significant risk factor for 
parenchymal infection, from statistical analysis, the IL-8 SNP is only noted in the no-VUR 
subgroup of clinically more severe ALN patients. This suggests IL-8 (rs4073) SNP is 
correlated to the clinical severity of parenchymal infection, likely due to the up-regulated IL-
8 expression by the AA genotype and A allele. 
 

SNP Minor allele frequencya (%)  APN vs. 
Control  ALN vs. 

Control  Combined vs. 
Control 

 Control APN ALN Combinedb  OR 
(95% CI) Pc  OR 

(95% CI) Pc  OR (95% 
CI) Pc 

CXCR1 
(rs16858808) 1.80 2.21 3.31 2.87  

1.23 
(0.40, 
3.81) 

0.72  
1.87 

(0.74, 
4.70) 

0.18  
1.61 

(0.68, 
3.79) 

0.28 

CXCR2 
(rs4674258) 33.03 33.63 30.12 31.54  

1.03 
(0.73, 
1.44) 

0.88  
0.87 

(0.64, 
1.19) 

0.39  
0.93 

(0.72, 
1.22) 

0.62 

IL-8  
(rs4073) 32.65 40.71 41.27 41.04  

1.42 
(1.02, 
1.97) 

0.04  
1.45 

(1.08, 
1.95) 

0.01  
1.44 

(1.11, 
1.86) 

0.01 

TLR-4 
(rs10759932) 26.82 23.87 26.67 25.54  

0.86 
(0.59, 
1.24) 

0.41  
0.99 

(0.72, 
1.37) 

0.96  
0.94 

(0.70, 
1.24) 

0.65 

a Minor allele: CXCR1, T; CXCR2, T; IL-8, A; TLR-4, C. 
b Combined: APN+ALN 
c The P values are shown in bold when P < 0.05. 

Table 7.2. Allele frequency analysis of single nucleotide polymorphisms (SNPs) by logistic 
regression model. (Cheng et al., 2011a). 

8. Conclusion 
A new imaging scheme that combines US and CT has been developed for effective ALN 
diagnosis. In this scheme, patients suspected of suffering from UTI [i.e. who had pyuria (> 5 
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WBCs/high-power field), fever without focus or any symptoms/signs related to UTI, such 
as knocking pain, dysuria and frequency] underwent renal US during the 1st-2nd day 
following their admission to hospital. The CT assessment followed immediately when the 
initial US findings met either one of these two criteria, evidence of: (1) unilateral or bilateral 
nephromegaly; and (2) a focal renal mass. For children who presented with borderline 
nephromegaly ultrasonographically, CT was performed when the patient remained febrile 
for 72 hours subsequent to antibiotic-treatment commencement. ALN diagnosis was made 
on the basis of positive CT findings. 
Further, with this scheme, we have identified that a three-week antimicrobial therapy 
protocol, rather than the two-week scheme commonly used for APN treatment, should 
constitute the treatment of choice for all radiographically documented ALN patients. As for 
the likelihood in scar formation following the severe parenchymal infections, we have 
confirmed that pediatric patients with ALN could have higher possibility for scar formation 
than with APN. 
Through the urovirulence factor analyses, we have noted that the papG class II gene (gene 
associated with P-fimbriae of uropathogenic E. coli) was the most strongly associated 
pathogenic determinant for the pediatric ALN patients who have no underlying diseases 
except VUR. But PFGE analysis indicated that no major genotype was associated with the 
disease category. Thus the major pathogenic determinants may not be unique to any specific 
genetic lineage. In addition, using the MDCK epithelial cells model, we have confirmed that 
the ability to adhere to and produce cytotoxicity against uroepithelial cells appears a 
prerequisite factor for E. coli to cause more severe bacterial kidney infection, such as ALN 
(Cheng et al., 2011b). Much more, we have confirmed that E. coli isolates from urosepsis 
patients carried more virulence factors as compared to those from patients with cystitis, 
APN and ALN. This implicated that the number of urovirulent genes found in pathogenic 
isolates may be correlated with the clinical severity noted in pediatric UTIs. 
For the host factors that could influence the patient’s susceptibility to the sever parenchymal 
infections, we have identified SNP in the inflammatory chemokine IL-8, a higher frequency 
in AA genotype and A allele, is involved in the susceptibility and clinical responses in 
pediatric APN and ALN cases. Further, among the patients without VUR, this IL-8 SNP is 
only noted in the ALN patients while not in the APN cases. This finding implicates that this 
IL-8 SNP could lead to a higher IL-8 secretion level after bacterial infection, and, 
subsequently, more severe inflammatory responses found in the ALN patients.  
Despite of abovementioned findings in the pediatric patients with ALN, we have not 
explored the host genetic factors for the ALN patient proned to have recurrent UTIs. These 
patients might have some genetic polymorphisms that increase patient’s susceptibility to 
UTIs. A detailed longitudinal clinical follow-up plan would be needed to further elucidate 
the likely polymorphisms in these recurrent-UTI-prone ALN patients. In addition, building 
a proper animal model for ALN study will be attempted in the future study. The IL-8 
expression level among the patients diagnosed as cystitis, APN and ALN will also be 
compared to each other. Since the ALN patients are also likely to have renal scarring 
according to our previous findings, genetic polymorphisms likely to reduce the renal scars 
will also be evaluated in the future studies. 
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WBCs/high-power field), fever without focus or any symptoms/signs related to UTI, such 
as knocking pain, dysuria and frequency] underwent renal US during the 1st-2nd day 
following their admission to hospital. The CT assessment followed immediately when the 
initial US findings met either one of these two criteria, evidence of: (1) unilateral or bilateral 
nephromegaly; and (2) a focal renal mass. For children who presented with borderline 
nephromegaly ultrasonographically, CT was performed when the patient remained febrile 
for 72 hours subsequent to antibiotic-treatment commencement. ALN diagnosis was made 
on the basis of positive CT findings. 
Further, with this scheme, we have identified that a three-week antimicrobial therapy 
protocol, rather than the two-week scheme commonly used for APN treatment, should 
constitute the treatment of choice for all radiographically documented ALN patients. As for 
the likelihood in scar formation following the severe parenchymal infections, we have 
confirmed that pediatric patients with ALN could have higher possibility for scar formation 
than with APN. 
Through the urovirulence factor analyses, we have noted that the papG class II gene (gene 
associated with P-fimbriae of uropathogenic E. coli) was the most strongly associated 
pathogenic determinant for the pediatric ALN patients who have no underlying diseases 
except VUR. But PFGE analysis indicated that no major genotype was associated with the 
disease category. Thus the major pathogenic determinants may not be unique to any specific 
genetic lineage. In addition, using the MDCK epithelial cells model, we have confirmed that 
the ability to adhere to and produce cytotoxicity against uroepithelial cells appears a 
prerequisite factor for E. coli to cause more severe bacterial kidney infection, such as ALN 
(Cheng et al., 2011b). Much more, we have confirmed that E. coli isolates from urosepsis 
patients carried more virulence factors as compared to those from patients with cystitis, 
APN and ALN. This implicated that the number of urovirulent genes found in pathogenic 
isolates may be correlated with the clinical severity noted in pediatric UTIs. 
For the host factors that could influence the patient’s susceptibility to the sever parenchymal 
infections, we have identified SNP in the inflammatory chemokine IL-8, a higher frequency 
in AA genotype and A allele, is involved in the susceptibility and clinical responses in 
pediatric APN and ALN cases. Further, among the patients without VUR, this IL-8 SNP is 
only noted in the ALN patients while not in the APN cases. This finding implicates that this 
IL-8 SNP could lead to a higher IL-8 secretion level after bacterial infection, and, 
subsequently, more severe inflammatory responses found in the ALN patients.  
Despite of abovementioned findings in the pediatric patients with ALN, we have not 
explored the host genetic factors for the ALN patient proned to have recurrent UTIs. These 
patients might have some genetic polymorphisms that increase patient’s susceptibility to 
UTIs. A detailed longitudinal clinical follow-up plan would be needed to further elucidate 
the likely polymorphisms in these recurrent-UTI-prone ALN patients. In addition, building 
a proper animal model for ALN study will be attempted in the future study. The IL-8 
expression level among the patients diagnosed as cystitis, APN and ALN will also be 
compared to each other. Since the ALN patients are also likely to have renal scarring 
according to our previous findings, genetic polymorphisms likely to reduce the renal scars 
will also be evaluated in the future studies. 
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