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Foreword

Urinary tract infections (UTIs) constitute a significant health-care burden, affecting
over 13 % of adult women yearly and comprising a lifetime prevalence of over
50 %. As such, the economic consequences and effect on quality of life of even
routine UTIs are substantial. Add to that the impact of complicated UTIs — those
infections occurring in patients with underlying anatomic abnormalities or those
with urosepsis — and the effect on our health-care system is staggering.

The care of UTIs crosses medical disciplinary lines, falling to family practice
doctors, obstetrician-gynecologists, internists, and urologists to diagnose and man-
age these problems. Thus, it behooves these clinicians to understand the underlying
pathophysiology behind UTIs, to be able to differentiate simple from complicated
UTIs, to be familiar with the diagnostic work-up, and finally to be comfortable with
the treatment algorithm. Patients experiencing UTIs require acute diagnosis and
management as well as potentially more detailed investigation and long-term care
for those with recurrent UTIs. It is imperative that those patients at risk of or expe-
riencing recurrent infections undergo appropriate evaluation to identify behavioral,
genetic, or anatomic factors that contribute to their risk of UTIs.

In their book, Urinary Tract Infection, Abhay Rané and Ranan Dasgupta have
assembled a group of well-known experts to author chapters addressing all aspects
of UTI, including routine UTT; UTI complicated by diabetes, pregnancy, anatomic
abnormalities, or indwelling catheters; UTI in children; and UTI associated with
unusual organisms. Written in an easy-to-read question-answer format, this book
addresses all aspects of clinical UTI, from pathogenesis to evaluation and treatment.
Useful tables of antibiotic choices and dosages and signs and symptoms of UTI
provide quick reference sources to which the busy practitioner can refer on the go.
Applicable to practitioners in any specialty, this book provides a current, concise,
yet comprehensive practical guide to the diagnosis and management of UTIs. I rec-
ommend this valuable publication be kept readily available on the shelf of any prac-
titioner who cares for patients with UTIs.

Dallas, TX, USA Margaret S. Pearle, MD, PhD






Preface

The causative organisms of urinary tract infection are dynamic in terms of their
virulence and resistance patterns, leading to challenges in the prevention and treat-
ment of urinary infection. This is of relevance in both primary and secondary care,
and many of the challenges are similar in both developed and developing
countries alike. UTT is also associated with considerable cost in terms of morbidity,
economic, and research expenditure.

Written by an exceptional and well-known team of clinical experts, the purpose
of Clinical Perspectives on Urinary Tract Infections is to address some key ques-
tions facing physicians about this condition. The book is written primarily for gen-
eral physicians who wish to have a broad understanding of a number of important
issues concerning infection in parts of the urinary tract. Specialists may also find the
book useful as a quick reference guide.

We approach the subject from an organ-by-organ perspective, aware that patients
may be affected systemically. By focusing on specific organs, it may help physi-
cians to target investigation and management of underlying pathologies, as well as
treating the infection by conventional antimicrobial measures.

Chapter 1 helps to define what is meant by “urinary tract infection” and describes
the classification systems of common organisms. This leads on to Chap. 2, which
discusses the main antibiotics used in treating these infections and includes discus-
sion of antibiotic resistance, a growing problem on a global level.

Two very important areas of clinical dilemmas in UTI are comprehensively dis-
cussed next: pregnancy and children. These are followed by chapters on urinary
tract infections and diabetes, less common infections, and a focus on UTI in AIDS
and tuberculosis. Our final chapter discusses complementary therapies, such as
plant-based supplements, nutritional formulas, and beverages.

In Urinary Tract Infection, we have utilized a question and answer style, which
characterizes a clear and easy approach to learning and understanding, and which
readers have found stimulating and helpful for information retention. The attractive

vii
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handbook format makes the publication simple to carry and access and provides
quick reference to those points that are of most interest. We hope you find the book
informative and useful to your needs.

Redhill, UK Abhay Rané, MS, FRCS, FRCS (Urol)
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Chapter 1
Definitions, Classifications, and Antibiotics

Christopher Chiu

Abstract Urinary tract infections (UTIs) are among the most common of all
bacterial infections. They are an important cause of morbidity and mortality with a
spectrum of severity that ranges from mild self-limiting infection to life-threatening
systemic disease. Although they are commonly curable with antibiotics, widespread
use of antimicrobials has inevitably led to a massive increase in UTIs caused by
drug-resistant organisms. This has made antibiotic choice for empirical and ratio-
nal treatment increasingly difficult. Here, we discuss the microbiology of UTIs,
including the organisms that cause them, the interplay between bacteria and host
that causes disease, mechanisms of antibiotic resistance, and factors influencing the
choice of antibiotic for treatment. Through further understanding of the biology of
the bacterial pathogens that cause UTIs, we aim to promote more responsible anti-
biotic prescribing in order to slow the pandemic spread of multiresistant organisms.

Keywords Bacteria * Antibiotics ® Resistance * Pathogenesis ® Risk factors e ESBL
* AmpC » VRE

Definitions, Classifications, and Antibiotics

Urinary tract infection (UTI) may be defined as the presence of pathogens in the
urinary tract. They are among the most common of bacterial infections and are
frequent causes of morbidity and mortality. As the second most common reason
for the prescription of empirical antibiotics, UTIs are also major drivers of antibi-
otic usage and antibiotic resistance. It is therefore essential that we understand the

C. Chiu, MRCP, FRCPath, PhD

Infectious Diseases and Microbiology, Centre for Respiratory Infection,
National Heart and Lung Institute, London, UK

e-mail: c.chiu@imperial.ac.uk

A. Rané, R. Dasgupta (eds.), Urinary Tract Infection, 1
DOI 10.1007/978-1-4471-4709-1_1, © Springer-Verlag London 2013



2 C. Chiu

Table 1.1 Common definitions

Bacteriuria Bacteria in urine, as demonstrated by microscopy or quantitative
culture

Pyuria >10* white blood cells per milliliter of urine

Hematuria Blood in the urine, either visible to the naked eye (macroscopic)

or invisible to the naked eye (microscopic)

Significant bacteriuria >10* colony-forming units/ml of bacteria (usually of a single species)
in a fresh urine specimen

Symptomatic bacteriuria Bacteria in urine in the context of typical symptoms of UTI

Asymptomatic Bacteria in urine in the absence of symptoms of UTI on at least two
bacteriuria consecutive occasions
Urosepsis UTI with accompanying sepsis syndrome

pathogenesis of these conditions so that they can be managed appropriately, not
only for the benefit of the individual patient but also in order to control the spread
of multidrug-resistant organisms.

How Common Are Urinary Tract Infections?

UTIs are extremely common, accounting for an estimated seven to ten million adult
physician office visits each year in the USA [1] and 1-3 % of consultations in the
UK general practice [2]. They are most frequent in infants, young women, and the
elderly, with around a third of women by the age of 24 years having suffered a UTI
requiring treatment and around 50 % of women having had an episode of UTI in
their lifetime. Overall, UTIs are around twice as common in women as in men.

Invasive infections of the urinary tract, such as pyelonephritis, are less common,
with around 250,000 cases per annum in the USA leading to around 200,000 admis-
sions (1997 National Inpatient Sample database).

How Are Urinary Tract Infections Defined?

The mainstay of diagnosis of UTIs remains microscopy and culture of urine sam-
ples. The words used to describe UTIs are therefore generally couched in those
terms (Table 1.1).

How May Urinary Tract Infections Be Classified
and How Do These Assist in Clinical Management?

UTIs are generally classified according to their anatomical location or in terms of
their severity and/or complexity.
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Lower UTI, a term which encompasses cystitis and urethritis, is generally a
benign condition that causes the typical symptoms of dysuria, suprapubic pain, fre-
quency of micturition, urgency, hesitancy, and incomplete voiding. Systemic mani-
festations, such as fever, are uncommon and long-term sequelae are rare. It is usually
treated with oral antibiotics which are excreted by the kidneys, thus reaching high
levels in the urine, but not necessarily achieving high systemic or tissue levels.

Upper UTI or pyelonephritis is an invasive infection of the renal parenchyma,
classically presenting with the triad of fever, renal angle tenderness, and nausea and
vomiting. Lower urinary tract symptoms may or may not be present. Upper tract
infections frequently cause urosepsis, and complications including kidney damage,
abscess formation, and renal failure are common. Most cases will require admission
and treatment with intravenous antibiotics that treat both the urinary and systemic
components of the infection.

Uncomplicated UTIs are generally defined as lower tract infections affecting
women with no structural, metabolic, or immunological predispositions. Some
authorities also group cases of pyelonephritis with no complications in this cate-
gory. Uncomplicated UTIs can be treated with narrower spectrum, oral antibiotics
for short courses.

Complicated UTlIs are those that involve the upper urinary tract and/or occur in
individuals with predisposing factors such as structural and functional abnormalities,
metabolic disorders, or impaired immunity. UTIs in children and men are often con-
sidered within this group, as UTI in these individuals is more frequently associated
with predisposing factors, including congenital abnormalities in children and pros-
tatitis in men. Many cases will require more protracted courses of broader spectrum
antibiotics as multiresistant organisms are more common causes of these infections.

Recurrent UTIs: many women suffer recurrent infections. Recurrences may be
divided into “relapses” where symptoms recur on cessation of treatment and the
same organism is isolated or “reinfection” where a new causative organism is iso-
lated. These patients are often exposed to multiple course of antibiotics or long-term
antibiotic prophylaxis and may therefore rapidly develop infections with multiresis-
tant organisms that render antibiotic choice problematic. In these cases, it may be
important to explore non-pharmacological methods to reduce recurrences, such as
improved hygiene and cranberry juice.

Why Do Urinary Tract Infections Occur?

There are two major routes by which microbial pathogens can infect the urinary
tract: ascending spread of fecal flora and hematogenous spread. In addition to this,
a variety of host factors affecting urine flow and local immunity predispose to colo-
nization and infection by bacteria.

By far the most common route of infection is migration of organisms from the
perineum via the urethra to the bladder and then to the kidney. Around 95 % of UTIs
are thought to arise in this way. This explains the much greater incidence in young
sexually active women in whom uropathogenic bacteria from the fecal flora are



4 C. Chiu

Table 1.2 Types of % Uncomplicated % Complicated
bacteria causing

urinary tract infection

Gram negative

Escherichia coli 70-95 21-54
Proteus mirabilis 1-2 1-10
Klebsiella spp. 1-2 2-17
Citrobacter spp. <1 5
Enterobacter spp. <1 2-10
Pseudomonas aeruginosa <1 2-19
Others <1 6-20
Gram positive
Staphylococcus 5-10 1-4
saprophyticus
Enterococcus spp. 1-2 1-23
Group B streptococcus <1 1-4
Staphylococcus aureus <1 1-23
Others <1

Adapted from. [9]

physically translocated via the short female urethra to infect the normally sterile
urinary tract.

Only around 5 % of cases are due to infection following bacteremia. A number
of pathogens, such as Mycobacterium tuberculosis, can spread to the renal tract in
this way, although these are uncommon in the developed world.

Which Organisms Cause Urinary Tract Infections?

The majority of bacteria causing UTTIs originate from the bowel, with a small per-
centage arising from skin flora (Table 1.2). Most data regarding mechanisms of
pathogenicity have been obtained by study of E. coli which is the most common
cause of both uncomplicated and complicated UTI. Bacteria express a variety of
surface proteins, known as adhesins, which allow them to cling to epithelial cells.
Uropathogenic E. coli may, for example, express P fimbriae which attach to
globoseries-type glycolipids on urinary epithelium. These are found more com-
monly in strains that cause urosepsis. Other virulence factors, such as capsular poly-
saccharides, may protect against host defenses such as opsonization and
phagocytosis, while a number of toxins, including alpha hemolysin and cytotoxic
necrotizing factor 1, may be involved in local cellular damage.

Why Are Some Individuals More at Risk of Urinary
Tract Infections?

UTTs occur when bacteria enter the urinary tract. If this happens more frequently or
a greater bacterial load is introduced, for example, in sexually active women, poor
hygiene, or instrumentation, the incidence of UTI increases. Furthermore, while
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host defenses (both physical and immunological) often destroy these pathogens
before they establish an infection, impairment of these mechanisms will also predis-
pose to infection. Predisposing factors include:

1. Structural and functional abnormalities: disruption of the normal flow of urine
leads to urinary stasis. Under these conditions, bacteria can grow and divide
more easily, leading to a greater bacterial load and increased likelihood of epi-
thelial adhesion. These include congenital abnormalities, cysts and diverticula,
and neurological defects causing urinary retention.

2. Foreign bodies: calculi and urinary catheters not only cause urinary turbulence
but also act as nidus of infection where organisms settle and form biofilms.
When bacteria, such as Klebsiella spp., start growing on solid matrices, they
upregulate genes which promote the secretion of extracellular proteins as well as
altering their metabolism in order to form a mucoid biofilm which is protective
against the host immune response and prevents the penetration of antibiotics.
Where a biofilm has formed on a foreign body, antibiotic therapy may be ineffec-
tive or only partially effective, promoting an environment that encourages resis-
tance mutations to be selected. Some organisms, such as Proteus spp., produce
urease enzymes that split urea, raising the pH of the urine and predisposing to the
formation of calculi.

3. Metabolic abnormalities: glycosuria in diabetes mellitus and pregnancy encour-
ages the growth of bacteria. Changes to the urinary epithelium also occur during
pregnancy which may predispose to infection. Metabolic abnormalities may also
lead to calculus formation.

4. Impaired immunity: increasing use of immunosuppressive drugs and solid organ
and bone marrow transplantation have increased the risk of UTT and urosepsis in
these patients. Although AIDS is now less common in the developed world due
to the widespread use of antiretroviral therapy, immunosuppression due to HIV
will also predispose to infections of the urinary tract.

Which Antibiotics Are Used for Empirical Treatment
of Urinary Tract Infections?

Empirical antibiotics are those chosen when the exact causative organism and resis-
tance pattern is unknown. In the case of UTI, the choice of antibiotics depends on a
number of factors, including the relative prevalence of uropathogenic organisms,
the local resistance patterns and levels of resistance previously observed, the clini-
cal syndrome with which the patient presents and the origin of the infection, whether
community-acquired or nosocomial. An empirical antibiotic for the treatment of
UTIs should therefore have activity against the Gram-negative Enterobacteriaceae
(such as E. coli and Klebsiella spp.) and Gram-positive organisms including
Staphylococcus saprophyticus and ideally Enterococcus spp.

Uncomplicated, lower UTIs can be treated with oral antibiotics and should
be restricted to short courses of 3-5 days if possible. Antibiotics such as nitro-
furantoin, trimethoprim, and first-generation cephalosporins such as cephalexin
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are concentrated in the urine and therefore reach high levels above the minimum
inhibitory concentrations (MIC) of most community-acquired organisms. The
proportion of organisms found to be resistant to amoxicillin in most areas is now
too high for this to be used as empirical therapy, although it is still the drug of
choice for the treatment of most infections with Enterococcus faecalis. In some
areas, resistance to trimethoprim, nitrofurantoin, and cephalexin is approaching lev-
els where their use as empirical antibiotics may no longer be desirable, and alterna-
tive choices, such as quinolones, may be required.

Complicated UTIs require therapy with antibiotics that reach high systemic
levels in order to treat bacteremia and invasive tissue infections such as pyelone-
phritis. Commonly used antibiotics include second-generation cephalosporins such
as cefuroxime, co-amoxiclav, or ciprofloxacin. These may be supplemented with an
aminoglycoside, such as gentamicin, which confers the benefit of rapid bactericidal
activity as well as the addition of a second antibiotic class, thus increasing the likeli-
hood of having treated early with an effective empirical antibiotic.

The exact choice of empirical antibiotics is highly dependent on the likelihood of
resistant mutants within both the community and the individual patient. It is there-
fore important to take a full clinical history, as certain patient groups may require
early treatment with broad-spectrum antibiotics. In particular, patients who have
had recent inpatient admissions, recurrent courses of antibiotics, or reside in nursing
homes are all at greater risk of infection with multiresistant organisms, including
extended-spectrum beta-lactamase (ESBL) and AmpC producers (see below).

Why Is Bacterial Culture and Sensitivity Testing Important?

Empirical antibiotics are chosen on the basis of being sufficiently broad spectrum
to treat the majority of UTIs in a patient group but sufficiently narrow spectrum to
minimize attendant adverse effects, such as Clostridium difficile-associated diar-
rhea. However, for a proportion of cases, the first-line antibiotic choice will either
be excessively broad (in the case of infection with very sensitive organisms) or have
insufficient activity (where infecting organisms have intrinsic or acquired resis-
tance). In both situations, it is desirable to have identified the causative organism
and its sensitivity pattern so that antibiotic therapy can be rationalized appropriately.

How Has Antibiotic Resistance Arisen in Bacteria?

Many bacteria are intrinsically resistant to certain classes of antibiotics. These are
due to characteristics encoded on the bacterial chromosome and include structural
features, such as the outer membrane of most Gram-negative organisms which
prevents penetration of vancomycin; the absence of antibiotic targets, such as the
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absence of cell wall in Chlamydia spp.; and membrane proteins such as efflux
pumps that actively exclude antibiotics from the bacterial cell. Intrinsic resistance
mechanisms are common to all members of a bacterial species and are not easily
transferred to other species. They are therefore perceived as a lesser infection con-
trol risk.

The widespread use of antibiotics in medicine and agriculture has led to massive
selection pressure on bacteria in our environment. Many organisms have acquired
resistance mechanisms by either mutation or transfer of resistance genes via trans-
posable genetic elements, including transposons and plasmids, which can spread
rapidly within bacterial cells and between bacterial species. Many resistance genes
are transferred together on the same plasmid and can therefore lead to the acquisi-
tion of multiple resistance phenotypes in a single step.

The most prevalent acquired resistance mechanisms are:

1. Alteration of the antibiotic target site:

(a) Resistance to quinolones is commonly due to point mutations in DNA
gyrase.

(b) Resistance to tetracyclines occurs by mutations in dihydrofolate reductase.

(c) The MecA gene in MRSA codes for a penicillin-binding protein that is not
affected by methicillin/flucloxacillin.

(d) The VanA gene cluster in vancomycin-resistant Enterococci (VRE) alters one
of the components of the cell wall, preventing the binding of glycopeptides.

2. Alteration of the antibiotic

(a) Beta-lactamases digest beta-lactam antibiotics with varying degrees of effec-
tiveness, from simple penicillinases to extended-spectrum beta-lactamases
(ESBLs) that can destroy all penicillins and most cephalosporins.

(b) Acetyltransferases, adenytransferases, and phosphotransferases modify
aminoglycosides, thus inhibiting their activity.

3. Efflux pumps

What Are Extended-Spectrum Beta-Lactamases (ESBLs)?

A number of Gram-negative bacteria possess intrinsic beta-lactam resistance medi-
ated by chromosomal beta-lactamase genes which probably evolved in response to
organisms such as beta-lactam-producing fungi [3]. However, the rapid spread of
beta-lactamases is primarily due to the appearance of plasmid-mediated beta-
lactamase genes, the first of which was discovered in the 1960s in E. coli and named
TEM-1 [4]. Other beta-lactamases such as SHV-1, which is chromosomal in
Klebsiella pneumoniae but generally plasmid-encoded in E. coli, have also become
increasingly common.
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Table 1.3 Bacteria with Enterobacter spp.
chromosomally encoded,
inducible AmpC
beta-lactamase

Serratia spp.
Citrobacter spp.
Acinetobacter spp.
Providencia spp.
Pseudomonas spp.
Morganella spp.

As these resistant organisms became a clinical problem, newer classes of antibi-
otics were developed with the specific intention of overcoming their resistance
mechanisms. However, the pressure that these novel antibiotics exerted quickly led
to the selection of mutants with beta-lactamase variants which were now able to
hydrolyze them. In the mid-1980s, the first ESBL (SHV-2) was identified in a strain
of Klebsiella ozaenae [5]. Functionally, organisms possessing these enzymes are
resistant to third-generation cephalosporins but are inhibited by clavulanate which
allows them to be identified on phenotypic testing.

The presence of ESBL genes on mobile genetic elements has allowed their rapid
spread and also led to wide geographical variability in their incidence. While up to
40 % of K. pneumoniae isolates in France are resistant to ceftazidime [6], less than
1 % of E. coli and K. pneumoniae in the Netherlands are ESBL-producers [7]. In the
United Kingdom during the 1990s, reports of resistant Gram-negative organisms
with the ESBL phenotype were mainly derived from cases of nosocomial infection,
primarily from intensive care units. These were caused by organisms carrying TEM
or SHV genes and although intermittent outbreaks did occur these were not consid-
ered a widespread clinical problem [8].

In 2000, the first CTX-M gene was identified in the UK from an isolate of
K. oxytoca and was rapidly followed by the emergence of ESBLs as a significant
public health issue. By 2003, many laboratories in the UK were reporting organisms
possessing CTX-M genes isolated from community patients, which differed mark-
edly from the preceding trend in ESBLs. These organisms frequently also possessed
other resistance mechanisms protecting them from the effects of quinolones and
aminoglycosides.

What Are AmpC Beta-Lactamases and Which Organisms
Produce Them?

ESBLs of the CTX-M group show significant structural similarity to AmpC
beta-lactamases which are encoded on the chromosomes of several species of
Enterobacteriaceae (Table 1.3).

In the majority of these, the AmpC gene is under the control of an inducible
promoter and is therefore only produced at high levels when stimulated by the pres-
ence of antibiotics locally. More recently, mutations in the promoter have led to
strains producing constitutively high levels of AmpC beta-lactamase. These genes
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have also increasingly transferred to plasmids which have spread to E. coli and
Klebsiella spp., where again the protein is expressed at high levels, conferring resis-
tance to all penicillins and first-, second-, and third-generation cephalosporins.

Which Antibiotics May Be Effective Against ESBL
and AmpC Producers?

Carbapenems, including meropenem, imipenem, and ertapenem, are generally con-
sidered the treatment of choice for multiresistant Enterobacteriaceae. Although
ESBLs are blocked by beta-lactamase inhibitors such as clavulanic acid and tazo-
bactam, antibiotic combinations containing these are unreliable in vivo. These
organisms are sometimes sensitive to quinolones and aminoglycosides, in which
case they may be used to spare carbapenem use, but often there are few choices of
antibiotics available against very resistant isolates.

The increasing use of carbapenems has inevitably encouraged the appearance of
carbapenemase-producing organisms. In order to reduce the reliance on this drug
class and the resulting selection pressure, newer antibiotics have been developed such
as tigecycline, and older drugs have been resurrected (e.g., temocillin) which are resis-
tant to hydrolysis by ESBLs and AmpCs, although resistance against these antibiotics
also exists. In the case of multiresistant Pseudomonas spp. or Acinetobacter bauman-
nii, which can carry multiple resistance mechanisms and has caused severe nosoco-
mial outbreaks, it may be necessary to treat with more toxic drugs such as colistin.

What Are Vancomycin-Resistant Enterococci (VRE)?

Use of cephalosporins selects for enterococci which are part of the normal bowel
flora and are intrinsically resistant to cephalosporins. They have therefore become
more common as causes of UTI. Furthermore, increased nosocomial use of vanco-
mycin for the treatment of MRSA and C. difficile-associated diarrhea has encour-
aged the spread of VREs which are commonly resistant to all glycopeptides with
variable sensitivity to aminopenicillins, depending on the species. Although often
found colonizing non-sterile sites rather than truly causing infections, antibiotic
choice is limited when treating VREs.

What Antibiotics May Be Effective Against VRE?

If the isolate is sensitive, amoxicillin is the treatment of choice for VRE. However,
although the most commonly isolated species, Enterococcus faecalis, is usually
sensitive to amoxicillin, most others are not. Conversely, E. faecalis is intrinsically
resistant to quinupristin/dalfopristin (Synercid) while other species are sensitive.
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Linezolid is now widely used for infections with amoxicillin-resistant VRE.
Other newer antibiotics including tigecycline and daptomycin also have activity
against most isolates.

Key Points

» Urinary tract infections are very common.

* They are most common in sexually active women, young children, and the
elderly.

* UTIs are usually due to translocation of bacteria originating from the
bowel ascending into the urinary tract.

* Lower, uncomplicated UTIs have no long-term sequelae and are generally
treated with short courses of oral antibiotics.

» Pyelonephritis, urosepsis, and other complicated UTIs usually require hos-
pital admission and intravenous antibiotics.

* Urine and blood culture with sensitivity testing is essential in order to
rationalize the antibiotic choice.

* Widespread antibiotic use has promoted the spread of resistance.

* Among the Gram-negative Enterobacteriaceae, the prevalence of ESBL
and AmpC-producing organisms is increasing in both hospital and
community settings.

* Multiresistant organisms may require treatment with very broad-spectrum
antibiotics and newer antibiotic classes.
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Chapter 2
Diagnosis and Management of Infections
of the Urinary Tract

Magnus Grabe

Abstract Urinary tract infections are among the most frequent infections encoun-
tered in both the community and the hospital environment. They range from harm-
less asymptomatic bacteriuria and self-curing cystitis to severe pyelonephritis with
life-threatening sepsis. Escherichia coli is the most common gram-negative urinary
tract pathogen followed by Proteus sp., Klebsiella sp., and other Enterobacteriaceae.
Gram-positive species such as Enterococci and Staphylococcus spp. are often found
in urine culture.

Early diagnoses and determination of the severity of the infection are necessary
for an effective medical treatment. Urological patients are particularly prone to uri-
nary tract infections, and the identification of a possible risk factor requiring a surgi-
cal intervention or drainage can be vital to the patient.

In view of the worsening resistance pattern of common urinary pathogens against
available antibiotics, it is important to comply with evidence-based, recommended
treatment regimens.

Keywords Asymptomatic bacteriuria ¢ Cystitis ® Pyelonephritis ¢ Risk factors for
urinary tract infections ¢ Sepsis ® Urine culture * Urinary tract infection

What Is an Infection of the Urinary Tract?

The normal urinary tract is sterile. Urinary tract infection (UTI) is defined as an
inflammatory response of the urothelium to the invasion of microorganisms, usually
bacteria, also called uropathogens. The invasion of bacteria, as shown by bacterial
growth on the culture of urine, is defined as bacteriuria. Symptomatic UTT is the
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presence of both bacteriuria and typical symptoms, while asymptomatic bacteriuria
(ABU) is the presence of bacteriuria in the absence of symptoms. ABU in conjunction
with an indwelling catheter is often referred to as colonization of the urinary tract.

Is UTI a Major Health Problem?

Urinary tract infections are among the most frequent infections encountered in the
community. Catheter-associated infections account for approximately 30-40 % of
the healthcare-associated infections (HAI) and are an important source of severe
urinary tract infections and septicemia. Prevalence studies have shown that up to
10 % of patients in urological wards have healthcare-associated complicated
infections.

What Is the Classification of UTI?

For practical reasons, it is reasonable to classify UTI as:

e Bacteriuria or colonization (presence of microorganisms in urine)
e Uncomplicated UTI (uUTI)

— Cystitis
— Uncomplicated pyelonephritis

e Complicated UTI (cUTI)

— Febrile, upper UTI
— Complicated pyelonephritis

e Sepsis

It is understood that there is no known or detected underlying abnormality or
dysfunction of the urinary tract in uUTI, while in cUTI there is one or several such
complicating factors (Tables 2.1 and 2.2).

UTI can be sporadic, recurrent, or reinfection. Usually there should go more than
6 months between episodes of UTI to speak about sporadic or isolated infections,
while recurrent UTI are defined as three or more infections per year. Reinfections
mean the acquisition of a new infection, while relapse is the reappearance of the
same bacterial strain originating from a focus in the urinary tract, i.e., the prostate,
a bladder diverticulum, and a kidney stone.

How Frequent Is Bacteriuria in the Population?

The overall prevalence of bacteriuria in the population is estimated to 3.5 %.
Bacteriuria is present in schoolgirls in 1-2 % and young women in 1-5 %. The
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Table 2.1 Main factors associated with complicated UTI

Factors associated with complicated UTI Examples

Congenital anatomic and functional Pelvio-ureteral junction (PUJ) obstruction
abnormality Vesicoureteral reflux

Congenital neurological disorder

(i.e., myelomeningocele)

Obstruction of the urinary tract Kidney stone disease

Bladder outlet obstruction

Residual urine

Ureteral tumor

Extrinsic compression of the ureter

Ureteral stricture

Neurological dysfunction Spinal cord injury
Multiple sclerosis
Stroke

Concomitant medical disorders Diabetes mellitus

Disorder of the immune system

Table 2.2 Factors that might increase the susceptibility to UTI

Factors Examples

Genetic and familiar factors Host response capacity
Nonsecretor status
ABO blood-group antigens
Biological factors Congenital abnormalities
Urinary tract obstruction
Prior history of UTI
Medical concomitant diseases (Table 2.1)
Dysfunction of the urinary tract
Renal transplant
Immunologic abnormalities (i.e., HIV)

Behavioral Sexual intercourse
Some contraceptive devices (i.e., diaphragms, condoms,
spermicides)
Urological surgery and Catheters/stents/foreign materials
instrumentation Infections associated with an instrument or operation
Others Estrogen deficiency in aging women

Previous use of antibiotics
Long hospital stay
Reduced mental status

rate is increasing with age, and it is estimated that some 25 % of all women over
the age of 65 years living at their home have bacteriuria, while this figure range
from 25 to 50 % in women cared for in institutions for elderly persons. All
patients with indwelling catheters or other long-term urinary tract stents have
bacteriuria.
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How Frequent Is Symptomatic UTI in the Population?

The cumulative incidence of UTI through the age of 6 years is approximately 1 % in
girls and 0.1-0.2 % in boys. One third of all women will have reported a UTI before
the age of 24 years, and the cumulative probability of UTI in women is about 50 %
at 50 years of age. There is a 40-50 % risk of a new infection within a few months.

Do Men Have UTI?

UTTI in men are uncommon until the age of 50 years, when increasing bladder outlet
obstruction is developing and markedly changes the odds of having a UTI. On the
other hand, adult men are prone to bacterial prostatitis, a urogenital infection involv-
ing both the prostatic gland and the lower urinary tract (NIH prostatitis type I and II).

Which Are the Most Frequent Factors Associated
with a cUTI?

Which Pathogens Cause UTI?

It is essential to know the likely causative pathogens for an appropriate antimi-
crobial treatment. Most UTI are caused by the microorganisms listed in Table 2.3.
Escherichia coli is the most frequently encountered microbe, present in as many
as 75-80 % of the community-acquired uUTI and approximately 35-50 % of
the UTI. Other main gram-negative bacterial species are Klebsiella and Proteus
spp., Pseudomonas sp. and gram-positive strains such as Enterococcus faecalis,
and some Staphylococci species, i.e., Staphylococcus epidermidis, Staphylococcus
aureus, and Staphylococcus saprophyticus, the latter usually only in female UTI.

Are There Other Specific Infections of the Urinary Tract?

Bacillus tuberculosis is causing progressive destruction and scares of the urinary
tract with retained calcifications. Tuberculosis is still a worldwide infectious disease
of major importance and hits the urinary tract in at least some 5-10 % of the cases.
Also the blood fluke Schistosoma haematobium (bilharzias, snail fever) is endemic
in defined geographic areas, producing fibrotic lesions, strictures, and scares of the
ureter and bladder as well as being a possible underlying cause of bladder cancer.
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Table2.3 Classification of UTI, most frequent causative pathogens, and treatment recommendation

Length of

Type of UTI Bacteria Antibiotics treatment  Remarks

uUTI (sporadic)  E. coli (75-80 %) TMP (+/- SMZ) 3-5days  Avoid

Cystitis Proteus spp. (<5 %) Pivmecillinam F-quinolones

Klebsiella spp. (<5%)  Nitrofurantoin
S. saprophyticus Fosfomycin
(5-10 %)
Enterococcus spp. 2G cephalosporins
(<5 %)
uUTI (recurrent)  Ditto Ditto+ 7-10 days
F-quinolones
uUTI (pyelo- E. coli (75-80 %) 3G cephalosporins ~ 7-14 days Parenchymal
nephritis) Proteus spp. (<5%) F-quinolones infection
Klebsiella spp. (<5%) TMP+SMZ
Others
UTI in pregnancy Ditto Ref. to national 7 days Long-term
recommendations prophylaxis
cUTI E. coli (35-50 %) 3G cephalosporins 10— Empirical
Proteus, Klebsiella, other F-quinolones 14 days treatment.
Enterobacteriacae adjustment
spp. (15-25 %) according to
Pseudomonas (5-15 %) TMP+SMZ culture result
Enterococcus (5-20 %) Aminoglycosides
Others (<10 %)

Acute bacterial E. coli 3G cephalosporins  >14 days  Consider
prostatitis Other uropathogens F-quinolones Chlamydia
(NIH type I) TMP+SMZ infection in

Aminoglycosides young men

Septicemia E. coli (35-50 %) 3G cephalosporins 10— 2 AB

Proteus, Klebsiella, other F-quinolones 14 days General
Enterobacteriacae supportive
spp. (15-25 %) treatment

Pseudomonas (5-15 %) TMP+SMZ

Enterococcus (5-20 %) Aminoglycosides

Others (<10 %)

Catheter- E. coli According to 5-10 days No AB in ABU
associated Proteus, Klebsiella, culture Only symptom-
UTI Enterococcus atic UTI

faecalis spp.

Pseudomonas spp.
Others

uUTI uncomplicated urinary tract infection, cUTI complicated urinary tract infection, TMP
trimethoprim, SMZ sulfamethoxazole, Spp species, 2G and 3G second and third generation, AB

antibiotic, ABU asymptomatic bacteriuria
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What Is the Pathogenesis of UTI?

The bowel constitutes the reservoir of the microorganisms colonizing the urogenital
tracts. E. coli infections have been extensively studied and are caused by a distur-
bance in the host-parasite balance. The vagina, periurethral zone, and even the ure-
thra are naturally colonized by microorganisms originating from the fecal flora and
the perineal skin. E. coli adheres to the uro-epithelium through adhesines (P fim-
briae and type 1 fimbriae). The bacteria can also express toxins such as a-hemolysin
and cytotoxic necrotic factor 1.

The hosts’ defense is relying on specific local and systemic antibodies and the
inflammatory response. The bacterial adhesion to the epithelium produces a signal and
activation of the cellular defense functions. Chemokines are released, stimulating a neu-
trophil recruitment. In UTI, the more severe the infection, the higher is the expression
of virulence factors. In ABU, there is an attenuation of virulence factors, whereas in
uncomplicated pyelonephritis, the expression is usually high. The more compromised
the natural defense mechanisms of the host, the fewer the expression of virulence. There
are indications that some individuals are genetically more susceptible to UTL.

Are There Any Risk Factors?

A wide range of factors have been identified that can increase susceptibility to
UTI (Table 2.2). An intrinsic factor is a factor harbored within the patient such as
a genetic, biological, or functional abnormality. An extrinsic factor is related to
external features such as hygiene and behavior, the introduction of a catheter, and
urological instrumentation.

What Are the Most Common Symptoms?

The most frequent symptoms and clinical signs of UTI are:

» Dysuria, urgency, frequency, and suprapubic tenderness for the lower urinary tract

e Fever and abdominal or flank pain, usually accompanied by flank tenderness,
and nausea as signs of a febrile upper UTI or pyelonephritis

e Chills and shivering as signs of bacteremia

 Circulatory instability and eventually organ failure as signs of sepsis

How to Diagnose a UTI?

The diagnosis of a UTI is based on the combination of symptoms and laboratory
findings.
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Urine dipstick test for leukocytes esterase and nitrate is basic, easy, and reliable in
most infections. The first demonstrate the presence of leukocytes in the urine or pyuria
(>10 WBC/mm?). The second displays the presence of bacteria. Consistent pyuria
with a series of negative urine culture leads to the suspicion of a specific infection.

Bacterial count in terms of colony-forming units (cfu) is important. For sporadic
cystitis in women, a bacterial count of >10* cfu/mL is accepted, while >10* cfu/mL
is necessary to define an uncomplicated pyelonephritis. A cUTI requires the same
symptoms and >10* cfu/mL in females and >10° cfu/mL in males. ABU is defined
as the presence of >10° cfu/mL in at least two consecutive cultures in an otherwise
symptom-free individual.

A midstream urine culture (MSU culture) is followed by a susceptibility testing
that will guide in the choice of antibiotics.

Basic blood samples are collected for hemoglobin, white blood cells (WBC) and
differential count, C-reactive protein (CRP), and S-creatinine. Sampling is unneces-
sary in sporadic uUTI but highly recommended in uncomplicated pyelonephritis
and UTT as part of the diagnostic process.

In case of high fever, chills, and clinical suspicion of severe upper UTI and/or
septicemia, it is essential to collect at least two samples of blood for blood culture.
Imaging of the urinary tract is required in recurrent infections, in case of febrile
infection or when a complicating factor is suspected. Radiological evaluation is also
done in case of treatment failure. This can be done with an ultrasound examination,
an intravenous pyelogram, or a computerized tomography, depending on the clinical
situation and available methods.

What Are the Principles of Management of UTI?

There are three main aims in the management of UTI:

 Effective therapeutic response
* Prevention of recurrence
¢ Reduce the development of resistance of bacterial strains

How Do You Treat an Uncomplicated UTI?

Cystitis is the most common UTI, involving only the lower urinary tract, and is seen
in both pre- and postmenopausal women. There is no fundamental difference in the
principle of treatment. However, with increased age, the recurrence rate may
increase and, thus, the regimens length.

In sporadic UTI, empiric treatment can be initiated on the basis of symptoms
without any further workup. A short treatment of 3-5 days is sufficient (Table 2.3).
No clinical or microbiological follow-up is usually required. However, if therapy
fails, laboratory testing should be undertaken.
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A more thorough diagnostic evaluation is indicated for women with evidence of
uncomplicated pyelonephritis. This workup includes a urine analysis, urine culture
and susceptibility testing, blood samples, and, when considered as necessary, radio-
logical evaluation. Involving the renal parenchyma, this infection is more serious
and requires a 7-14-day treatment. Clinical and microbiological follow-up is
recommended.

How Do You Treat a Recurrent UTI?

Recurrent UTT is defined as three or more infections within a year. Recurrent UTT are
seen in women with a family history of UTI and limited intake of fluids and few void-
ing occasions. Sexual intercourse and some contraceptive measures may increase
the frequency of UTL. In elderly women, prolapse, intestinal troubles, and concomi-
tant diseases such as diabetes are underlying causes for recurrent UTI. Patients with
recurrent UTI should be investigated for any anatomical or functional abnormality by
imaging of the urinary tract, cystoscopy, and urodynamic studies as required.

In men, recurrent bacteriuria and urogenital infections can be caused by a
chronic bacterial prostatitis (NIH type II). Clinical and microbiological follow-up
is recommended.

Are There Any Preventive Measures Against Recurrence?

There is little evidence for each of the different measures that are usually given as

recommendation to women with recurrent UTL. It is essential to inform and promote

an understanding of the reasons for recurrence and to detect any underlying cause.
General advice includes:

* A high intake of fluids

* Regular urination in order to avoid distension of the bladder and residual urine
with bacterial growth opportunities

* Good hygiene and postcoital voiding

e Avoidance of spermicides

Antibiotic prophylaxis reduces the number of episodes but is controversial in
view of the development of antibiotic resistance. Short courses a la demand is an
alternative. Both cranberry extracts (Vaccinium macrocarpon) and vaccination with
bacterial extracts are under investigation.

What Is Acute Bacterial Prostatitis?

Acute bacterial prostatitis is a serious, usually febrile infection creating an inflamma-
tion of the glandular tissue. The condition is accompanied by dysuria, perineal pain,
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bladder outlet voiding symptoms, and fever. Inflammatory parameters such as CRP
and white blood count are increased. In adult men, the causative microorganisms are
the usually uropathogens, although sexually transmitted infections also have to be
considered. In younger men, Chlamydia infection must be taken into account.

As for UTI, the treatment is empirical and initiated with an antibiotic covering
the usual uropathogens until culture is available. It should last for at least 14 days.
Clinical and microbiological follow-up is recommended.

What Is Different About a UTI During Pregnancy?

The consequences of UTI or untreated ABU during pregnancy can be significant,
including an elevated risk of pyelonephritis, premature delivery, fetal mortal-
ity, and pregnancy-induced hypertension. Therefore, screening for bacteriuria is
highly recommended. Owing to the seriousness of inadequate management dur-
ing pregnancy, all infections should be adequately treated, usually for a period of
7-10 days, depending on the severity. Additionally, it is generally recommended to
give long-term prophylaxis in case of ABU.

Should Asymptomatic Bacteriuria Be Treated?

It is recommended not to treat ABU except during pregnancy. Only episodes of
symptomatic bacteriuria should be given antibiotics. The same recommendations as
for UTI are valid. ABU must be controlled prior to urological surgery.

Should Catheter-Associated Infections Be Treated?

Asymptomatic infections associated with an indwelling catheter, a ureteral catheter or
stent, or a nephrostomy tube should not be treated unless there are obvious signs of
clinical infection. Only clinical significant infections are given antimicrobial agents.

How Do You Treat a Complicated UTI?

In case of high fever and/or shivering, a urine culture and two blood cultures are
highly recommended. When a UTI is suspected, imaging investigation of the uri-
nary tract for underlying cause and risk factor assessment is required. The treatment
is combined:

* Medical with one or two antimicrobial agents
e Surgical, i.e., when drainage or other surgical measures are required
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The medical treatment is empirical and initiated with at least one intravenous
antibiotic for 1-3 days until the fever is controlled and the laboratory findings show
a stabilization or decrease of the inflammatory process (Table 2.3). At the same
time, the result of the urine culture and susceptibility of the microorganisms will be
available, guiding in the choice of subsequent agents. It is important to note that
former urine cultures can guide in the choice of the first antibiotics. Monitoring and
full life-supportive measures have to be taken as requested. A clinical and microbio-
logical follow-up is recommended.

What Is the Best Way to Treat a Sepsis?

Sepsis is a serious life-threatening condition requiring rigorous antibiotic treatment
similar to that of UTI. Urine and blood cultures are imperative. Monitoring and full
life-support treatment in cooperation with intensive care specialists is mandatory.
Initial treatment with two antibiotics is recommended (Table 2.3). As for UTI, the
treatment is both medical and surgical. Necessary imaging and potential causative
factors, i.e., obstructive kidney stone, residual urine, and tumor disease, have to be
detected early and managed properly. The same follow-up as for UTI is recommended.

Which Antibiotic(s) Should Be Used to Treat UTI?

The most useful antibiotics for the different types of infections are listed in Table 2.4.
Uncomplicated UTT are treated with short 3- to 5-day courses with trimethoprim,
trimethoprim-sulfamethoxazole, nitrofurantoin, pivmecillinam, or fosfomycin,
when available. It is essential to avoid fluoroquinolones for lower UTI.

Uncomplicated pyelonephritis can usually be treated for 7-14 days with
trimethoprim-sulfamethoxazole or a fluoroquinolone. f-lactam penicillins with a
f-lactamase inhibitor, cephalosporins, fluoroquinolones, and aminoglycosides are
useful for UTT and sepsis.

In pregnancy, p-lactam antibiotics and nitrofurantoin can be given, while fluoro-
quinolones, tetracyclines, and even trimethoprim are to be avoided due to the risk of
adverse effects on fetal development.

What Are the Main Risks with Antibiotics?

All antibiotics can induce hypersensitive reactions of immediate or delayed type;
gastrointestinal side effects such as diarrhea, nausea, and vomiting; and hemato-
logical disorders, i.e., leucopoenia and thrombocytopenia. National pharmacopeia
will give detailed adverse reactions, important interactions, and contraindications.
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All antibiotics can induce a secondary infection. The most common are gastro-
intestinal infection with Clostridium difficile, particularly with cephalosporins,
F-quinolones, and fungal infection (i.e., Candida albicans infection).

Is There a Threat with the Use of Antibiotics?

There is a growing worldwide threat in the development of multiresistant bacteria.
This threat is to be taken seriously as at the end, even simple uncomplicated
infection might become difficult to treat. There is a correlation between the use of
antimicrobial agents and the development of resistant bacterial strains. The
systematic use of some antibiotics produces also a collateral damage, selecting
resistant strains in the community and the hospital environment. It is therefore
recommended to reduce the prescription to the recommended regimens and to
follow local and international guidelines in the management of UTI, as for other
infections.

Key Points

e UTI are among the most frequent uncomplicated infections in the com-
munity. Indwelling catheters are the underlying cause of most of the
healthcare-associated UTI, usually complicated and often severe.

e Urine culture is a key diagnostic tool. The result is obtained after that
empiric treatment is initiated and leads to relevant adjustment according to
the needs.

* Sporadic cystitis requires only a short 2- to 5-day treatment, while an
ascending pyelonephritis needs a 7—14-day antibiotic treatment.

* Severe complicated UTI and Sepsis can be life-threatening. Treatment has
to be initiated without any delay after primary clinical diagnosis.

e All antibiotics can give both gastrointestinal disturbances and allergic
reactions. Knowledge about the renal function is important. Initial treat-
ment can usually be started with normal dosage, but further doses must be
adjusted to the renal function and the patient’s general condition.

* Misuse of antibiotics leads inevitably to bacterial resistance development.
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Chapter 3
Clinical Dilemmas

Daniel Cohen and Ranan Dasgupta

Abstract Pregnancy poses its own specific problems with regard to urinary
infections, in terms of both treatment and prophylaxis. Certain antibiotics are safe
in certain trimesters, and there is also evidence for the use of antibiotics in the
management of asymptomatic bacteriuria during pregnancy, particularly to reduce
the frequency of pyelonephritis and its sequelae.

Similarly the treatment of UTIs in childhood presents different challenges,
particularly as the sequelae of this can present later in adulthood, and there are conditions
such as phimosis and vesicoureteric reflux, the timing of the treatment of which can
lead to controversies in management. Specialist care is recommended in these cases,
and close follow-up through adolescence into adulthood would be beneficial.

Keywords Pregnancy * Bacteriuria * Antibiotics

Part I: UTI in Pregnancy

How Common Are UTIs During Pregnancy?

UTIs are the most common bacterial infections in pregnancy. Asymptomatic bac-
teriuria complicates between 4 and 10 % of all pregnancies. Up to 4 % of women
will develop an acute cystitis during pregnancy, and 1-2 % will develop acute
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pyelonephritis, most commonly in the third trimester. This incidence is significantly
higher than in the nonpregnant population.

Women with a previous history of UTTIs, urinary tract abnormalities, and diabetes
have an increased risk. There is also some evidence that women of lower socioeco-
nomic class have higher rates of infection. There is a consensus view that pregnant
women should be screened for bacteriuria at least once in the first trimester.

Why Are Urinary Tract Infections Common in Pregnancy?

The anatomical and physiological changes that occur during pregnancy predispose
to urinary tract infection.

Progesterone-mediated smooth muscle ureteric relaxation may lead to dilatation
of the upper urinary tracts; mechanical extrinsic compression of the ureters by the
enlarging uterus can also produce a physiological hydroureter and hydronephrosis.
The enlarged uterus can also displace the bladder superiorly and anteriorly, which
may contribute to impaired bladder emptying, thereby urinary stasis and possible
UTL. Finally the renal blood flow and thus the glomerular filtration rate increase by
3040 % during pregnancy, causing enlargement and hyperemia of the kidney.

Should Asymptomatic Bacteriuria in Pregnancy Be Treated?

Yes. Studies have shown that 20-40 % of pregnant women with asymptomatic bac-
teriuria develop pyelonephritis during pregnancy. There is also associated signifi-
cant increase in the number of low-birth-weight infants, low gestational age, and
neonatal mortality.

Epidemiological evidence points to a decreased rate of pyelonephritis in preg-
nancy since asymptomatic bacteriuria screening became routine. In the 1970s,
before screening became routine, there was a 3—4 % rate of pyelonephritis in
pregnancy, compared with an incidence of 1.4 % in 2001.

A recent Cochrane review meta-analysis of trials comparing antibiotics versus
no treatment for asymptomatic bacteriuria showed a substantially decreased risk of
developing acute pyelonephritis.

What Are the Consequences of Not Treating a UTI
in Pregnancy?

There are potential serious consequences for both mother and fetus of leaving a UTI
untreated during pregnancy. Women with persistent infection despite treatment are
at higher risk of delivering premature infants and development of anemia. If the UTI
results in pyelonephritis, this may have the consequences listed above.
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What Duration of Antibiotics Is Recommended for a UTI
in Pregnancy?

Treatment of any UTI should depend on the likely antibiotic sensitivities according
to local treatment guidelines.

In asymptomatic bacteriuria, there is no clear consensus as to the optimal dura-
tion of treatment. A Cochrane review analyzed studies comparing single-dose
treatment with 4-7-day courses of antibiotics. There was no significant statistical
difference in treatment effectiveness between the groups nor was there a conclusion
as to which treatment regime was preferable.

Most symptomatic UTIs in pregnancy present as acute cystitis. A 7-day course
of oral antibiotics is widely recommended, although some centers do prescribe
shorter courses. Recurrent infections may be managed safely by low dose daily
prophylaxis, for example, with cephalexin or nitrofurantoin.

Acute pyelonephritis has potentially serious consequences, and admission to
hospital for intravenous antibiotics is recommended, although this may be con-
verted to oral therapy after 48 h if the patient is afebrile. Initial treatment with a
cephalosporin or co-amoxiclav plus aminoglycoside is recommended. A course of
10-14 days should be completed.

Which Antibiotics Should Be Avoided During Pregnancy?

Trimethoprim, a folate antagonist, has a risk of teratogenicity and should be avoided
in the first trimester. Sulphonamides (risk of neonatal hemolysis and methemoglo-
binemia) and chloramphenicol should be avoided in the last trimester. Quinolones
(e.g., ciprofloxacin) may cause arthropathy, and tetracyclines can cause dental
discoloration and may also cause skeletal abnormalities. Neither should be pre-
scribed during pregnancy (BNF).

Part II: UTI in Children

With What Signs and Symptoms Might a Child
with a UTI Present?

Features of a UTT in a child may be very nonspecific. A child with an unexplained
fever of over 38 °C should be tested for a UTI.

The presenting signs and symptoms vary depending on the age of the child. The
most common presenting sign is a fever. Table 3.1 illustrates the variation in signs
and symptoms of UTIL.
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Table 3.1 Symptoms and signs in infants and children with UTI

Age group Symptoms and signs
Most common ——— > Least common
Infants younger than Fever Poor feeding Abdominal pain
3 months Vomiting Failure to thrive Jaundice
Lethargy Haematuria
Irritability Offensive urine
Infants and Preverbal | Fever Abdominal pain Lethargy
children Loin tenderness Irritability
3 months Vomiting Haematuria
or older Poor feeding Offensive urine
Failure to thrive
Verbal Frequency Dysfunctional voiding | Fever
Dysuria Changes to continence| Malaise
Abdominal pain Vomiting
Loin tenderness Haematuria
Offensive urine
\_ Cloudy urine )

How Can Urine Be Collected from Children?

Ideally a clean-catch specimen will be collected. If this is difficult, a urine collection
pad can be tried. It is recommended that suprapubic aspiration should only be per-
formed under ultrasound guidance.

If no urine can be obtained, the NICE guidelines recommend that treatment of a
suspected UTI should not be delayed if there is high clinical suspicion and the child
is at risk of serious illness.

How Does the Age of the Child Affect the Treatment Pathway?

The age of the child is crucial in determining their optimal management.

A child under 3 months with a suspected UTI should be immediately referred to
pediatric specialist care. A urine sample must be sent for urgent microscopy and
culture.

A child between the ages of 3 months and 3 years should also have urine sent off
for urgent microscopy and culture. If the child has urinary tract symptoms, it is
appropriate to commence antibiotic treatment while waiting for a result. However,
if the child has nonspecific UTI symptoms, acute management depends on the
severity of illness.

The risk of developing serious illness can be classified according to the following
table suggested by NICE (Table 3.2):

If a child is deemed to be low risk, the urine should be sent for microscopy and
culture. Treatment should commence only if cultures are positive.

Intermediate-risk patients may be referred immediately to a pediatric special-
ist if the situation demands. Alternatively, urgent microscopy and culture can be
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Table 3.2 Traffic light system for identifying the risk of serious illness

Colour * Normal colour of skin, Pallor reported by - Pale/mottled/ashen/blue
lips and tongue parent/carer
Activity * Responds normally to Not responding . No response to
social cues normally to sodal cues sodal cues
* Content/smiles Wakes only with * Appearsiillto a
* Stays awake or prolonged stimulation healthcare professional
awakens quickly Decreased activity * Unable to rouse or
+ Strong normal cry/ No smile if roused does not
not crying stay awake

Weak, high-pitched or
continuous cry

Respiratory Nasal flaring . Grunting
Tachypncea: « Tachypnoea:
— RR > 50 breaths/minute - RR > 60 breaths/minute

age 6 —12 months Moderate or severe
— RR > 40 breaths/minute chest Indrawing

age > 12 months
Oxygen saturation

<95 % in air
Crackles
Hydration  « Normal skin and eyes Dry mucous membrane * Reduced sking turgor
« Moist mucous Poor feeding In Infants
membranes CRT>3s
Reduced urine output
Other . None of the amber or Fever for > 5 days + Age 0-3 months,
red symptoms or signs Swelling of a limb temperature > 38 °C
or joint + Age 3-6 months,
Non-weight bearing/ temperature > 39 °C
not using an extremity * Non-blanching rash

A new lump >2 cm Bulging fontanelle

Neck stiffness

Status epilepticus

* Focal neurological signs
+ Focal seizures

Bile-stained vomiting

CRT capillary refill time

QR respiratory rate /

arranged, and treatment commenced on the basis of this result. If there is no facility
for immediate urine microscopy, the urine may be dipstick tested; antibiotics should
be started if nitrites are present.

A high-risk patient should be referred immediately to a pediatric specialist. In all
cases, however, urine should be sent for microscopy and culture if the child can
produce a specimen.

Does Presence of Leucocytes on Dipstick Require Treatment
as for a UTI?

In the absence of bacteria, leucocytes are only significant if the child has urinary
tract symptoms. In this case, treatment should be initiated. Symptomatic bacteriuria
always indicates a UTI and should be treated appropriately.
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How Can an Upper Tract Infection/Pyelonephritis
Be Differentiated from a Lower Tract Infection/Cystitis?
What Treatment Is Necessary?

A bacteriuric infant or child with a temperature of greater than 38 °C and/or loin
pain should be regarded as having an upper tract infection. These patients should be
referred acutely to a pediatric specialist if they are deemed high risk or under
3 months of age. Otherwise, a course of low-resistance oral antibiotics for 7-10 days
is recommended (e.g., a cephalosporin or co-amoxiclav).

It is recommended that lower urinary tract infections in children over 3 months
are treated for 3 days with oral antibiotics. If the child remains unwell after 24-48 h,
the diagnosis should be reconsidered. Antibiotic treatment should be in line with
local microbiological guidance.

Which Patients with UTIs Should Undergo Acute Renal Tract
Imaging?

Any infant or child with features of an atypical UTI should undergo a urinary tract
ultrasound scan at the time of acute infection.
Features of an atypical UTI are one or more of:

e Abdominal or bladder mass

* Raised creatinine

e Septicemia

e Poor urine flow

e Pathogen other than E. coli isolated (can wait until 6 weeks for imaging if
clinically well)

* Failure to respond to antibiotics within 48 h

In addition, all infants under 6 months with a first-time UTI should have an
ultrasound scan of the urinary tract within 6 weeks. An infant or child with a docu-
mented atypical UTI should be referred to a local pediatric unit for consideration of
a dimercaptosuccinic acid (DMSA) radionuclide scan and/or micturating cystoure-
throgram (MCUGQG).

How Is a Recurrent UTI Defined? What Investigations
to These Patients Need?

A recurrent UTI is defined as either:

e Two or more upper tract infections/pyelonephritis
e One upper tract infection/pyelonephritis plus one lower tract infection/cystitis
e Three or more lower tract infections/cystitis
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All infants and children with recurrent UTI require DMSA scanning, and those
under 6 months require a MCUG. Infants with recurrent UTI should be assessed by
a pediatric specialist. Recurrent UTI can result in renal scarring, progressive renal
disease, and pyelonephritis.

How Common Are UTIs?

Around 8-10 % of girls and 1-3 % of boys will have had a UTI by the age of 16.
Boys are affected much more commonly in the first year of life, after which the
incidence falls significantly. Girls however have a higher risk of developing a UTI
after the first year.

Is It True That Uncircumcised Male Infants Have a Higher Risk
of Developing a UTI?

Circumcision appears to reduce the likelihood of developing a UTI by tenfold.
A large meta-analysis concluded that 111 neonates being circumcised prevent one
UTI in healthy males. In boys with recurrent UTI or high-grade vesicoureteric
reflux, the risk of UTI recurrence is 10 and 30 % and the numbers needed to treat
are 11 and 4, respectively.
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Chapter 4
Tuberculosis, AIDS, and Other Uncommon
Urinary Tract Infections

Andrew Symes and Abhay Rané

Abstract This chapter looks at uncommon urinary tract infections such as TB,
fungal, and parasitic; it discusses the significance of conditions such as sterile pyuria
and how to investigate this finding.

Keywords Uncommon ¢ Urinary * Infections

What Is Sterile Pyuria, Is It Significant,
and How Should It Be Investigated?

Sterile pyuria is the presence of significant white blood cells (WBC) in the urine,
without bacteruria. It can be defined as >5 WBC per high-powered field (HPF) in a
centrifuged specimen or >10 WBC/mm?® of urine. Sterile pyuria is always signifi-
cant and should trigger appropriate investigations to determine the possible cause,
some of which are listed below:

Possible causes of sterile pyuria
Genitourinary tuberculosis (TB)

Urolithiasis

Recently treated urinary tract infection (UTT)
Urinary tract malignancy

Chlamydial urethritis

Papillary necrosis

Prostatitis

Interstitial cystitis
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Investigations should include a comprehensive targeted history and examination,
aimed at excluding the above diagnoses. Specific investigations should include the
following, but further, more specialized investigations should be guided by initial
findings:

Midstream urine for microscopy, culture, and sensitivities

At least three early-morning urines (ideally five) for TB

A cystoscopy +/— biopsy

Upper urinary tract imaging — usually an ultrasound +/— intravenous urogram/CT scan
Urine cytology

Routine blood tests

What Is Tuberculosis, and How Does It Cause Disease?

Mycobacteria are gram-resistant, nonmotile, pleomorphic rods that are often found in
habitats such as water or soil. One type is Mycobacterium tuberculosis, responsible
for the development of tuberculosis (TB) in humans. It is an intracellular pathogen
usually infecting mononuclear phagocytes (e.g., macrophages) and is termed an “acid-
fast bacillus™; once stained, it resists decolorization with acidified organic solvents.

The World Health Organization (WHO) estimates that approximately one-third
of the world’s population is infected with Mycobacterium tuberculosis, with around
ten million new cases per year (WHO 1997). Genitourinary TB is uncommon,
accounting in the UK for only 2.6 % of all tuberculous infections [1]. The vast
majority of infections are acquired through inhalation of the organism into the lungs
via airborne droplet nuclei, after close contact with an actively infectious individual.
Most individuals are easily able to control the initial infection and are asymptom-
atic, with bacilli either killed off or lying dormant.

Development of symptoms depends on both the organism and, more importantly,
the host immune response, and thus, disease may occur many years later due to
immunosuppression secondary to trauma, AIDS, diabetes, steroids, and other
immunosuppressive agents. Prior to the advent of antibiotic therapy, the case fatality
was 50 %, but this has now fallen to approximately 4 % per newly identified case.

Genitourinary TB is caused by metastatic spread of the organism through the
bloodstream during the initial infection. The kidney is usually the primary organ
infected with urinary disease, and other parts of the urinary tract become involved
by direct extension. The initial infection occurs in the renal cortex, where the bacilli
can remain dormant within granulomata for decades. This dormant infection then
becomes activated due to failure of the local immune response. The primary site for
infection of the genital tract is often the epididymis in men and the fallopian tubes
in women, also by hematogenous spread. Similar to urinary disease, the infection
then spreads to adjacent organs by direct extension.
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How Does TB Present in the Urinary Tract?

TB should always be suspected in the urinary tract when a patient presents with
vague, long-standing urinary symptoms without obvious cause [1]. Men are affected
more commonly than women (2:1), and most patients are aged between 20 and
40 years. It is rare in children.

Infection of the kidney, ureter, and bladder usually results in urinary frequency
without urgency, classically associated with sterile pyuria (not present in 20 %
cases). Microscopic hematuria is also often present (50 %), but visible hematuria is
rare (10 %). Symptoms are often intermittent and pain is rare, although recurrent
cystitis may be an early warning sign.

Recurrent hematospermia is a rare presenting symptom, but tuberculous epididy-
mitis may be the first and only presenting symptom of genitourinary TB, which may
involve the testis by direct extension. Clinically it is often identical to acute
epididymo-orchitis, with a painful, inflamed scrotal swelling.

How Should the Diagnosis Be Confirmed?

The tuberculin test involves intradermal injection of a purified protein derivative of
tuberculin, which, when positive, causes an inflammatory reaction at the site.
A positive reaction only signifies previous infection and is not synonymous with
active infection. Diagnosis therefore relies on urine examination.

Sterile pyuria is the classic urine analysis finding with microscopic hematuria
present 50 % of the time. Routine urine culture may show secondary bacterial infec-
tion (20 %); however, cultures for M. tuberculosis take 6—8 weeks, as the organism
is slow growing. As the organism is only intermittently excreted, at least three early
morning urine specimens (pooled over night) should be sent and inoculated on
Lowenstein-Jensen culture media.

The Ziehl-Neelsen stain used diagnostically on sputum, however, is not com-
monly employed in urine due to false positives. More recently a polymerase chain
reaction method on pooled urine samples has been developed and appears to offer
sensitivity and specificity of 96 and 98 %, respectively [2].

Imaging has an important role to play in diagnosis. Intravenous urogram, or
more commonly CT urogram, can be used to provide functional information
about:

1. Renal lesions — infundibular stenosis, calyceal and parenchymal destruction, and
calcification.

2. Ureters — strictures and dilatation and the condition of the bladder wall.

3. Cystoscopy and biopsy are not essential tests in diagnosing genitourinary TB but are often
employed in ruling out other conditions such as malignancy.
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What Complications Does TB Infection Cause
in the Urinary Tract?

Renal

Caseating granulomata occur in the kidney, and when healing occurs, fibrous tissue
is left with calcium deposition resulting in calcified lesions. If extensive this may
lead to parenchymal destruction and even “autonephrectomy” [3]. In addition caly-
ceal strictures, papillary necrosis, and ureteropelvic junction obstruction may occur.

Ureter

In a similar process strictures may occur anywhere in the ureter causing obstruction.
Most commonly these occur at the vesicoureteric junction.

Bladder

Lesions are initially centered around the ureteric orifice and may be discrete ulcers
or inflamed edematous tissue. If untreated they may become extensive, resulting in
a fibrotic and contracted bladder.

Epididymis

Infection of the epididymis presents as an epididymo-orchitis and sometimes even
as a fistula.

How Is TB Treated?

Treatment of active M. tuberculosis infection is with a combination of antitubercu-
lous drugs such as isoniazid, rifampicin, streptomycin, pyrazinamide, and ethambu-
tol. Multidrug therapy aims to diminish the likelihood of drug-resistant organisms
developing. Therapy is continued for 6 months in most cases [4]. The role of sur-
gery has declined with the successes of medical treatment and is now largely cen-
tered on organ preservation and reconstruction, as opposed to excision [5]. It is
usually delayed until at least 4-6 weeks of medical therapy has been
administered.
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What Is AIDS and How Is It Diagnosed?

Acquired immunodeficiency syndrome (AIDS) refers to the disorder caused by HIV
(human immunodeficiency virus) infection. HIV is a retrovirus that infects and kills
T-helper cells, one of the body’s main cellular defenses against infection. HIV is
spread through contact with blood, semen, and vaginal secretions — for example, by
sexual intercourse, use of contaminated needles or blood products, or from mother
to baby during childbirth.

The course of HIV infection is very variable and typically occurs over 8—12 years
[6]. Three distinct phases exist:

1. Primary infection — a self-limiting syndrome lasting less than 14 days and mimicking many
acute febrile illnesses.

2. Chronic asymptomatic infection — lasting around 10 years.

3. Overt AIDS — defined by the development of serious opportunistic infections, neoplasms, or
other life-threatening conditions resulting from immunosuppression caused by HIV
infection. It usually occurs when CD4* counts fall below 200 cells/mm? and leads to death
within 2-3 years if untreated.

Standardized laboratory assays are available for HIV testing and screening for
HIV antibodies using an enzyme-linked immunosorbent assay (ELISA). Testing is a
two-step process, with the initial screening assay retested to exclude laboratory
error. If positive, a confirmatory assay is also performed to confirm the diagnosis [6].

What Are the Urological Complications of HIV/AIDS

The two most common sequelae of AIDS are infections and malignancy; however,
numerous other complications can occur. These are summarized in the table below.

Infections
Genitourinary Papillary necrosis, autonephrectomy, strictures
tuberculosis
Renal CMYV, aspergillosis, toxoplasmosis
Penile and urethral Genital herpes, warts, pelvic inflammatory disease, Reiter’s disease
(uveitis, arthritis, urethritis)
Prostate Prostatitis (common organisms +fungal, TB)
Testis and epididymis Epididymo-orchitis (common organisms + fungal, TB)
Syphilis Resurgent in the UK
Fournier’s gangrene Fulminant necrotizing fasciitis of scrotum
UTIs Usual urinary tract pathogens, e.g., E. coli
Malignancy
Kaposi’s sarcoma Assoc with herpes virus infection, genital skin
Squamous cell carcinoma Also assoc with HPV infection, penile or genital skin
Testicular cancer 50x increased risk of germ cell and non-germ cell tumors
Non-Hodgkin’s Lymph nodes primarily but can be genitourinary organs/genital skin

lymphoma
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Renal dysfunction and/or failure

HIV-associated Proteinuria and renal insufficiency/end-stage renal failure
nephropathy

Stones

Protease inhibitors Indinavir/atazanavir

Radiolucent and may not be seen on CT
Management is temporary cessation of drug with hydration
Voiding dysfunction
Voiding dysfunction Most common is urinary retention 54 %, detrusor overactivity 27 %,
bladder outflow obstruction 18 %
Erectile dysfunction/infertility

Erectile dysfunction Worsen as disease progresses. HIV infection is also cytotoxic to
sertoli/germ cells — testicular atrophy
Infertility Abnormal semen parameters assoc with testicular atrophy. Risk of

HIV transmission

Should Men Be Routinely Circumcised to Reduce Risk of HIV
Transmission?

Three prospective randomized clinical trials of adult male circumcision in South
Africa, Kenya, and Uganda reported highly significant reductions in risk of HIV
infection among participants randomly assigned to circumcision [7-9], and indeed,
the trials were stopped early in some cases due to the overwhelming demonstration
of the significant advantage for the circumcised group. This is mirrored by a meta-
analysis of studies that demonstrated a highly significant reduced risk of HIV infec-
tion in circumcised men [10].

Despite this strong evidence, the issue remains contentious, as many would argue
that in the UK, the relatively low rates of HIV in non-high-risk populations do not
justify the invasive nature of the procedure and may indeed encourage risky behav-
ior (i.e., lack of condom use).

What Is Schistosomiasis and Its Life Cycle?

Schistosomiasis is a chronic disease caused by parasitic infection with schisto-
somes, parasitic trematodes. Paired adult male and female worms reside in the
venous plexuses of the abdominal viscera. S. haematobium worms live mainly in the
venous plexuses around the bladder and are responsible for urinary schistosomiasis.
Other types will not be discussed here. S. haematobium worms are endemic to tropi-
cal areas of Southeast Asia, Africa, South America, the Middle East, and the
Caribbean, with 80-90 million persons infected. Of these, up to 40 million people
have complications secondary to the disease.

The life cycle of S. haematobium is complex and can be divided into an asexual,
snail phase and a sexual, human phase (see text and figure below).
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Snail phase — asexual

¢ Free swimming miracidium enters snail.
* Becomes sporocyst (one miracidium makes 40 sporocysts).
* Each sporocyst forms ~400 active parasites called cercariae — released into water.

Human phase — sexual

» Cercariae penetrate skin to become schistosomulum in liver.

* Adults pair up and move to bladder vesical veins.

* Copulate 3-6 years, ~500 eggs/day.

» Eggs migrate into bladder, penetrate mucosa, and flush out miracidium larvae.

Schistosomiasis Life Cycle (CDC/Alexander J. da Silva, PhD/Melanie Moser)
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What Are the Clinical Manifestations of Schistosomiasis, and
How Is It Diagnosed and Treated?

Clinically, schistosomiasis can be divided into an active and chronic phase. Active
infection, Katayama fever, is rare among endemic populations and is more com-
monly seen in noninfected travelers. It may result in fever, lymphadenopathy, sple-
nomegaly, and urticaria [11].
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Chronic schistosomiasis is much more common and has several different mani-
festations. The classical initial clinical presentation is hematuria with terminal dys-
uria. This can be severe enough to produce anemia and clot retention [12]. Next,
patients enter a chronic active phase where symptoms are largely related to a con-
tracted bladder and consist of pelvic pain, urgency, frequency, and urinary inconti-
nence. During this phase, the ureters may become obstructed resulting in
hydroureteronephrosis. Finally, the chronic inactive phase is where the infection has
burnt out and symptoms result from complications, such as nonfunctioning
obstructed kidneys.

The diagnosis is made in a patient who has had exposure to an endemic area. The
presence of terminally spined eggs in the urine is diagnostic of active S. haemato-
bium infection. As excretion peaks between 10 a.m. and 2 p.m., a midday urine is
sent for microscopy. If eggs are not seen, either bladder or rectal mucosal biopsy
may show the presence of eggs, with cystoscopy often reported as showing sandy
patches. In the inactive form of the disease, eggs are not excreted, and the diagnosis
is made radiographically. Plain X-ray may show a calcified bladder, with calcifica-
tion seen anywhere along the urinary tract. CT or IVU may help diagnose ureteric
obstruction, strictures, and nonfunctioning kidneys.

Praziquantel is the drug of choice for treatment of schistosomiasis. Cure rates
approach 100 % and it is given in two divided oral doses of 40 mg/kg. Side effects
are mild and self-limiting. Surgery is now reserved for complications that have not
resolved after medical therapy (e.g., ureteric obstruction).

What Fungal Infections of the Urinary Tract Are You
Aware of?

With the exception of Candida species, the urinary tract is rarely involved in fungal
infections. Rare diseases, such as aspergillosis, cryptococcus, histoplasmosis, and
coccidioidomycosis, may involve the urinary tract but are often part of disseminated
disease in immunocompromised patients.

Candida albicans is responsible for the majority of fungal infections in the uri-
nary tract. The number of these infections has risen dramatically with the increasing
use of broad-spectrum antibiotics, indwelling vascular and urinary catheters, and
immunosuppressants. Candidal infection is commonly seen on the penis, vulva and
vagina, and on the skin around stomas. The majority of patients with candiduria are
asymptomatic, although emphysematous cystitis has been seen in diabetic patients
with candida. Infection of the upper urinary tract with candida can also occur and
may present like acute pyelonephritis. Infection can arise either through hematog-
enous spread in systemic infection or via ascendance from the lower urinary tract.
Renal abscesses, pyelonephritis, urinary obstruction, and fungal balls requiring sur-
gical removal can all occur. Diagnosis is made by direct microscopy of urine, with
cultures usually unhelpful. Radiographic imaging is directed at identifying
complications.
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Candiduria may reflect contamination or colonization, but persistence requires
evaluation and consideration of treatment [13]. Not all patients require treatment,
and in many instances, removal of a catheter or discontinuation of antibiotic therapy
may be enough to clear the infection [14]. Patients who are undergoing urinary tract
instrumentation should, however, be treated. Systemic treatment with oral or intra-
venous fluconazole achieves high urinary concentration and is the first line if treat-
ment is required. Intravenous amphotericin has also been used in difficult to treat
infections but comes at the price of toxicity. Local irrigation with antifungals to
bladders and kidneys via catheters and nephrostomies has also been used with vary-
ing degrees of success.

What Is Emphysematous Pyelitis/Pyelonephritis?

Emphysematous pyelitis is an infection of the renal collecting system by gas-
forming bacteria. It is often associated with diabetes mellitus (50 %) and, if
untreated, has a mortality of up to 20 %. It presents in a similar fashion to acute
pyelonephritis, with systemic symptoms and loin pain, and is often preceded by
lower urinary tract symptoms such as cystitis. Management involves fluid resuscita-
tion, intravenous antibiotics, strict diabetic control, and if necessary, urinary tract
drainage via retrograde ureteric stenting or nephrostomy.

Emphysematous pyelonephritis is an acute, severe, necrotizing infection of the
renal parenchyma and perirenal tissue, which results in the presence of gas within
the renal parenchyma, collecting system, or perinephric tissue. It is associated with
diabetes 90 % of the time and has a mortality of 50 %. Presentation is of an acutely
unwell septic patient, often with poorly controlled diabetes or even as a diabetic
ketoacidosis. The management is along ABC principles and should be considered
as a surgical emergency. Broad-spectrum antibiotics and tight diabetic control is
essential, and these patients often require emergency nephrectomy.

Emphysematous pyelonephritis is different to xanthogranulomatous pyelone-
phritis which is a chronic severe infection leading to destruction of renal tissue and
eventually resulting in a nonfunctioning kidney. It is usually seen with upper urinary
tract obstruction and stones and may be difficult to distinguish from renal cell car-
cinoma on CT scanning, thus often ending up in a nephrectomy.

How Do You Manage a Systemically Unwell Diabetic
with Cellulitis of the Scrotum?

This patient should be seen immediately and an assessment made along ABC prin-
ciples. He should be admitted to hospital and fully resuscitated with oxygen and IV
fluids and should also be given broad-spectrum intravenous antibiotics, as guided by
local microbiological advice. Blood tests should be sent off for renal function,
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glucose, full blood count, C-reactive protein, and clotting. Diabetics who have a
source of illness, especially sepsis, are at increased risk of developing diabetic keto-
acidosis, and in that instance, a sliding scale should be commenced to control blood
sugar. He should be regularly reviewed, and if any clinical signs of deterioration
present, then early involvement of ITU/HDU is essential. With scrotal cellulitis,
there is no role for surgical management. If the diagnosis were unclear, an urgent
ultrasound of the scrotum would help rule out an underlying abscess requiring
drainage.

What Is Fournier’s Gangrene, and How Is It Treated?

Fournier’s gangrene is a polymicrobial necrotizing fasciitis of the perianal, perineal,
or genital areas. The bacteria involved act synergistically to invade and destroy fas-
cial planes and are composed of aerobes (e.g., E. coli) and anaerobes (e.g., bacteroi-
des). Predisposing factors include diabetes, alcoholism, steroids, malnutrition, and
HIV infection. Trauma, recent surgery, and the presence of foreign bodies may be
inciting events, and causative factors are found in more than 75 % of cases. It often
starts insidiously and extreme pain is an early finding along with systemic upset. As
the disease progresses, skin overlying the affected region becomes discolored, even-
tually becoming gangrenous. Crepitus may be present, and by this stage, the patient
usually shows signs of severe sepsis or even septic shock.

Fournier’s gangrene is a true surgical emergency necessitating radical debride-
ment in theater, which is often repeated at second look 24—48 h later. Urinary and
fecal diversion may be required depending on the source of infection. Broad-
spectrum antibiotic cover is given with aggressive resuscitation, usually on a high-
dependency/intensive care unit. Once the infection has settled, these patients often
require plastic surgery consultation to cover the large defects left by debridement.
Mortality from this condition can be as high as 75 % [15].

Key Points

o Sterile pyuria is a significant finding and should trigger appropriate
investigations. It may be the only presenting sign of genitourinary
tuberculosis.

* Genitourinary TB is uncommon and usually arises through hematogenous
spread first to the kidney and then down through the urinary tract.

* Genitourinary TB should be suspected in any patient with vague, poorly
defined, long-standing urinary symptoms without an obvious cause.

* Diagnosis of urinary tract TB requires at least three early-morning urine
specimens; however, pooled urinary PCR may speed up diagnosis.



Tuberculosis, AIDS, and Other Uncommon Urinary Tract Infections 43

e AIDS sufferers can manifest numerous differing urinary tract symptoms,
but generally infections, which may be atypical, and malignancies are the
most common.

* Circumcision significantly reduces the risk of HIV transmission but is con-
troversial, and not part of current UK practice.

* Schistosomiasis is a parasitic infection not endemic to the UK. It has a
complex life cycle involving humans and snails.

e Candidal urinary tract infections are associated with immunocompromise,
either systemic or through breach of natural host defense mechanisms,
e.g., urinary catheter.

e Candida does not always require treatment; with cessation of antibiotics
sometimes, this is all that is required to terminate the infection.

* Emphysematous pyelitis/pyelonephritis, scrotal cellulitis, and Fournier’s
gangrene are rare urinary tract infections, but potentially life-threatening
and require urgent urological referral and management.
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Chapter 5
Urinary Tract Infection in Diabetic Patients

Taufiq Shaikh and Ranan Dasgupta

Abstract Certain groups of patient are at higher risk of UTI, for example, diabetics.
We discuss the reasons why they are more prone in this chapter. We also touch upon
the more severe complications, which the reader should be aware of, such as emphy-
sematous pyelonephritis. Some of these cases require urgent surgery, and therefore
it is essential that the clinician has a low threshold of suspicion in cases of urosepsis
in diabetics, and therefore early involvement of urological input is justified.

Keywords Diabetic * Diabetes mellitus ¢ Urinary tract infection * Emphysematous
pyelonephritis * Papillary necrosis

Are UTIs More Common in Diabetics?

UTTI is one of the most common infections in diabetic patients. Patients with diabe-
tes have an increased risk of urinary tract infection as compared to nondiabetic
population [1]. This is true for both asymptomatic bacteriuria (ASB) and symptom-
atic UTL

The rate of asymptomatic bacteriuria is three to four times higher in diabetic
women as compared to nondiabetic women [2, 3]. However, there is not much dif-
ference in the prevalence of asymptomatic bacteriuria in diabetic and nondiabetic
men [4]. The relative risk of symptomatic UTI in diabetics is about 1.39—1.43 times
more as compared to nondiabetics [5].
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What Course Does UTI Run in Diabetic Patients?

In diabetic patients, UTI has a higher chance to run a complicated course as com-
pared to nondiabetic patients. Diabetes predisposes to more severe infections which
are difficult to treat and recur more often. The chances of bacteremia and need for
hospital admission also are higher in diabetic patients with UTI.

What Is the Pathogenesis of Development of UTI
in Diabetic Patients?

As in nondiabetic patients, the essential step in the pathogenesis of UTI is the adher-
ence of pathogenic microbes to the bladder mucosal lining. In most gram-negative
uropathogens, this is achieved by various virulence factors such as H antigen, fim-
briae, or adhesins. In the case of E. coli (the most commonly studied organism), viru-
lence factors are fimbriae. Type 1 fimbriae bind to glycoprotein receptors in
uroepithelium, whereas Type 2 fimbriae bind to glycolipid receptors in the kidney [6].
Once the bacteria are bound, urothelial cells internalize bacteria by an active
process similar to endocytosis and require tyrosine phosphorylation [7]. This is fol-
lowed by an inflammatory response from the host immune system. The inflam-
matory response consists of steps involving uroepithelial cell activation associated
with transmembrane signaling, resulting in the production of distinct inflammatory
mediators. Usually, this is followed by the direction of the innate immune cells to
the infectious focus which leads to local destruction and elimination of the invad-
ing bacteria [6]. This process involves the complement system, Toll-like receptors
(TLRs), urinary Tamm-Horsfall proteins (THPs), cytokines, and adhesion molecules
[8]. Bacteria can also invade uroepithelium where they replicate and form quiescent
intracellular reservoirs, which may serve as a possible source for recurrent UTIs.

What Is the Reason for Higher Prevalence of UTI
in Diabetics?

The presence of glucosuria and impairment of the granulocyte function in the dia-
betic patients, although long suggested as the reason for increased risk of UTI,
have not been conclusively proven in vivo [9—11]. Some studies have suggested that
decreased urinary levels of IL-6 and IL-8 in diabetic patients contribute to increased
incidence of UTI [12]. It has also been suggested that there is increased adherence
of bacteria to the urothelium in diabetic patients. This is due to decreased abil-
ity of THP to bind type 1 fimbriated organisms, possibly because of an additional
glycosylation of THP in diabetic patients, and a positive correlation with poorly
controlled diabetes [13, 14].
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What Are the Risk Factors That Predispose to UTI
in Diabetes Mellitus (DM)?

As in nondiabetic patients, host factors tend to be either urinary tract obstruction,
stasis, reflux, instrumentation, or sexual intercourse [9]. Additional factors in dia-
betic patients that might predispose them to UTI include age, glycemic control,
duration of DM, diabetic cystopathy, frequent hospitalization, vaginitis, and vascu-
lar complications [15].

What Is the Clinical Presentation and in What Way
Can It Present Differently?

The clinical presentation of UTI in diabetic patients can range from asymptomatic
bacteriuria to severe life-threatening sepsis. The incidence of symptomatic UTI in
the form of dysuria, frequency, abdominal discomfort, and urgency is higher in
diabetic patients [15]. Occasionally, UTI in this group of patients might also be
associated with hematuria.

In diabetic patients, there are increased chances of UTI running a complicated
course and presenting with acute pyelonephritis. The risk of hospital admission for
acute pyelonephritis can increase 20-30 times in diabetic patients less than 44 years
of age. The risk is 30-50 times in diabetics over 44 years of age [16]. Bilateral
pyelonephritis is more common in diabetic patients [17]. Papillary necrosis, renal
abscess, emphysematous pyelonephritis, and systemic sepsis may also occur [18].

What Is Emphysematous UTI?

Emphysematous UTI is a severe necrotizing infection and, as the name sug-
gests, it is characterized by gas formation along the urinary tract. It mainly can
be in the form of emphysematous pyelonephritis or emphysematous cystitis.
Emphysematous pyelonephritis (EPN) can involve the collecting system, renal
parenchyma, and the perirenal tissues, whereas emphysematous cystitis involves
the bladder wall. The infection has a severe and fulminant course and can be life-
threatening if not recognized and treated early. Gas formation is thought to occur
as a result of mixed acid fermentation of glucose [19]. A high degree of suspicion
is required for diagnosis, which is made by a radiological demonstration of gas
formation along the renal tract. A CT KUB is the investigation of choice and
delineates the localization or the extent of gas formation, thus helping formulate
an optimal management plan [20].

Treatment comprises active resuscitation, electrolyte and blood glucose moni-
toring, and correction and administration of antibiotics targeting gram-negative
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bacteria. Any associated obstruction along the urinary tract, if present, should be
relieved, and if there is extensive gas formation with renal destruction, a nephrec-
tomy may be warranted [21].

What Is Renal Papillary Necrosis?

Renal papillary necrosis is an important complication of UTI in diabetics.
Symptoms include chills, fever, and acute renal insufficiency. The pathogenesis is
not well understood but is presumed to be due to the marginal vascular supply at the
papilla, which becomes further compromised by infection, leading to infarction and
sloughing of the papillae [22].

What Are the Main Organisms Implicated for UTI in
Diabetes, and Is There Any Difference Compared to UTI in
Nondiabetics?

The causative microorganisms of UTIs in patients with DM are similar to those
found in nondiabetic patients with complicated UTL. The same is true for the antibi-
otic resistance and sensitivity patterns [23]. The most common causative organism
for UTI is E. coli. Other pathogenic microbes include Klebsiella sp., Group B strep-
tococci, Enterococcus spp., and Pseudomonas. Diabetes mellitus, per se, is not con-
sidered to be a risk factor for the development of antibiotic resistance.

Should ASB Be Treated in Diabetics?

ASB is arisk factor for symptomatic UTI in nondiabetic patient population [24] and
increases the risk of recurrent UTI, progressive renal failure, and hypertension [25].
The limited number of studies in diabetic patients show that ASB increases the risk
of symptomatic UTI in type II diabetics, as compared to type I diabetics [26]. There
is no relationship between ASB and deterioration in renal function [27], as was previ-
ously thought [26]. The risk of complications is not reduced by antimicrobial therapy
of ASB and, therefore, should not be an indication to screen for or treat ASB [28].

Is the Treatment of UTI in DM Different from Nondiabetics
and What Important, or Special, Considerations Should Be
Given to Such Patients?

As the causative microbes and their antimicrobial sensitivity in diabetics are similar
to nondiabetic patients, the choice of antimicrobial treatment should be similar and
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based on the local resistance patterns of the common uropathogens [29]. Treatment
protocols should avoid nephrotoxic agents as much as possible. A 2-week treatment
regime is as effective as a 6-week regime. Any recurrence seen 4-8 weeks after
treatment is a reinfection rather than a relapse [30].

Even though there is no general agreement, UTI in diabetics is treated as “com-
plicated” by most clinicians [31, 32]. Preferred drugs are fluoroquinolones and
amoxicillin-clavulanic acid, which achieve high levels in urine and urinary tissues
on administration [33]. Trimethoprim/sulfamethoxazole is usually avoided as it can
lead to hypoglycemia [34].

Although evidence is lacking, the duration of antimicrobial therapy is longer
(7-14 days) than in the nondiabetic population, particularly with frequent upper
tract involvement and increased risk of serious complications. The treatment of
uncomplicated pyelonephritis does not differ from that of nondiabetic patient group.
In these cases, a 7-day regime of oral fluoroquinolones is considered to be a better
choice than 2 weeks of trimethoprim [35]. For more severe infections requiring
hospital admission and those with sepsis, a combination of intravenous agents based
on local policy need to be administered. These agents include fluoroquinolones,
aminoglycosides, ceftriaxones, Tazocin, and meropenems.

For recurrent symptomatic infections, such as those in nondiabetics, antibiotic
prophylaxis can be initiated in diabetic group as well.

What Non-antimicrobial and Preventative Strategies
Can Be Adopted by Such Patients?

The non-antimicrobial strategies to prevent UTI are essentially similar to those
that help in prevention of UTI in the nondiabetic patient group. General advice
includes sufficient fluid intake, complete emptying of the bladder, less frequent use
of catheters, and avoidance of spermicides in women [36]. Other strategies include
ingestion of cranberry juice [37, 38] and oral or vaginal administration of lactoba-
cillus [39]. Cranberry tablets are considered a better alternative to cranberry juice
in diabetic patients. Estrogen administration can be beneficial in the reduction of
recurrence rates of UTI in postmenopausal diabetic women [40]. Two types of vac-
cines for prevention of UTI have been developed, but both have been withdrawn;
although safe, these vaccines were effective in only about a third of patients they
were administered to.

Key Points

* Diabetic patients are at higher risk of developing a UTL

e UTI has a higher risk of complications, and in diabetics, involvement of
the upper tract requiring hospital admission is greater.

e The complications to carefully be aware of include emphysematous
pyelonephritis, renal papillary necrosis, renal abscess, and septicemia.

e The most common causative organism for UTI in diabetics is E. coli.
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* Asymptomatic bacteriuria is not an indication for antimicrobial treatment

in diabetics.

e The choice of antibiotics should be based on local resistance and sensitiv-

ity patterns and does not differ much from the nondiabetic group.

» Antibiotic prophylaxis can be initiated in patients with recurrent UTIs.
* Nephrotoxic antimicrobials should be avoided in diabetic patients.
* Cranberry tablets are considered a better alternative to cranberry juice in

diabetic patients.
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Chapter 6
Catheter-Associated Urinary Tract Infections

Uwais Bashir Mufti and Ranan Dasgupta

This chapter is based on the European and Asian Guidelines on
Management and Prevention of Catheter-associated Urinary
Tract Infections.

Abstract One of the difficulties with indwelling catheters is the propensity to
develop catheter-related infections. While drainage of the bladder ensures a low-
pressure reservoir (protecting the upper tracts and also designed to reduce the fre-
quency of infections), unfortunately colonization of the catheter with a biofilm leads
to urinary infection. The timing and appropriateness of treatment with antibiotics is
discussed here.

Keywords Catheters ¢ Long term ¢ Colonization

What Are the Risk Factors for Development
of a Catheter-Associated UTI?

The duration of catheterization is the single most important risk factor. Each day
that a urinary catheter is in situ, it is associated with a 5 % increase in bacteriuria
[1]. Therefore, by the end of the third week, one can assume that all patients with
urinary catheters will have a bacteriuria.

Other risk factors include diabetes, renal impairment, poor catheter insertion
technique, poor catheter care, and colonization of the drainage bag, and female
patients are at higher risk.
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What Enables Bacteria to Enter the Catheter?

Bacteria can ascend the catheter by two mechanisms, either intraluminal or extralu-
minal. Intraluminal ascent of bacteria typically occurs via taps on drainage bags and
during disconnection of the catheter from the bag. Extraluminal ascent occurs via
biofilm formation between the catheter and the urethral mucosa. Biofilm is extremely
difficult to remove, as it is well protected from mechanical flushing, host defenses,
and antibiotics. Most catheter-associated UTIs derive from the colonic flora of the
patient, which ascends into the bladder via the extraluminal route.

What Problems Do Patients with Long-Term Catheters Have?

Long-term catheters are likely to be colonized by bacteria, but are generally asymp-
tomatic, and do not often account for febrile episodes in patients. However, some
studies do show a relationship between long-term, catheter-associated UTI and
mortality [2]. It is important to note that long-term catheters can lead to infections
such as prostatitis, epididymitis, and scrotal abscess.

Noninfective complications include encrustations and catheter blockages, which in
turn may become infected. Infection stones in the bladder are commonly associated
with organisms such as Klebsiella or Proteus spp., as well as the commoner bacteria
such as E. coli; the matrix that is generated by these organisms then develop into
stone. Removal of a catheter with a bladder stone formed around its tip may require
surgery, sometimes in the form of open surgery of the bladder. Whereas bladder stones
can be treated endoscopically in most cases (i.e., transurethral surgery to perform
a “cystolitholopaxy”), in a similar fashion to endoscopic prostate surgery, removal
of a blocked urethral catheter would rely on a suprapubic approach (and whichever
energy source is available, such as laser or pneumatic lithotripsy, to break the stone).

What Can Be Done to Reduce the Risk
of Catheter-Associated UTI?

Technique: Insertion of the catheter should be done under aseptic conditions and
with plenty of urethral lubricating local anesthetic.

Antibiotics: Some centers recommend use of a prophylactic dose of antibiotic
prior to catheter insertion, particularly in certain high-risk patients (e.g., neuro-
paths, immunocompromised). However, any such protocol should be implemented
in conjunction with the local microbiology department, with knowledge of micro-
biological flora patterns, antibiotic resistance trends, and the particular local infec-
tion rates. Choice of antibiotic will also differ, with some units recommending a
single parenteral dose of an agent such as an aminoglycoside, others a single oral
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dose of a quinolone, or others suggesting a short course of a broad-spectrum agent
immediately before and after catheter insertion.

Drainage: Patients may wish to use flip-flow valves rather than drainage bags,
though there is no evidence to suggest these are more prone to infection.

Change catheter: There is much debate as to how often long-term urethral cath-
eters require changing, but no consensus. There is a lot of current research into the
effectiveness of certain catheter coatings in preventing infection; silver oxide and
antibiotic-impregnated catheters are being studied. The benefit of antibiotic-
impregnated catheters seems to be apparent if the catheter is in place for <1 week
according to one meta-analysis (but not if in situ for >1 week) [3].

Position of catheter: there is no clearly proven benefit of suprapubic catheter as
opposed to urethral catheter in terms of UTI rates, though there are clear advantages
in terms of ease of changing, avoiding perineal complications, and the suprapubic
route is favored for those who cannot perform self-catheterization and who need
long-term urinary drainage.

What Are the Guidelines for the Treatment
of Asymptomatic Bacteriuria?

There is no evidence to support the routine antibiotic treatment of asymptomatic
bacteriuria. Generally, the bacteriuria will not be eradicated or will return rapidly
[4]. Bacteria that re-accumulate have a higher incidence of resistance to the antibi-
otic used. For example, a study in which cephalexin was used showed reinfecting
organisms in the control group remained susceptible to cephalexin, compared with
only 36 % in the cephalexin treatment group [5].

There are some circumstances in which treatment may be beneficial. The
European and Asian guidelines on Management of Catheter-associated Urinary
Tract Infections recommend treatment in the following circumstances:

1. In patients undergoing urological surgery

2. To prevent nosocomial infection in the presence of a known virulent pathogen
3. Immunosuppressed patients or those at high risk of complications

4. Infection caused by strains causing a high incidence of bacteremia [4]

Treatment of Symptomatic UTI in a Catheterized Patient

Treatment is recommended in symptomatic infection. The most common manifes-
tation is fever, but other sources must be considered. A positive urine culture can-
not be regarded as diagnostic, as all patients with a long-term catheter will have
bacteriuria. If safe to do so, the catheter should be replaced and antibiotic treatment
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started according to local protocol. Empirical antibiotic treatment should be started
and subsequently modified according to urine culture results. There is no consensus
on the recommended length of treatment, but antibiotics should be given for at least
5 days and up to 3 weeks, depending upon the organism and clinical state of the
patient [4].

Should the Bladder Be Checked If There Is a Long-Term
Catheter in Place?

There is thought to be a risk of squamous cell carcinoma where there is long-term
exposure to catheters (whether indwelling or self-catheterization) or chronic infec-
tion. Endoscopic surveillance by flexible cystoscopy is therefore performed in some
centers from 10 years onward, in patients with long-term drainage systems. The
European Urology Association guidelines advocate annual surveillance from
10 years on, though the evidence for this is also debatable.

Is a Urinary Catheter Better Than a Condom-Based Catheter
with Respect to UTIs?

The use of an indwelling catheter is for slightly different indications to a condom-
based (convene) drainage system. The latter is generally to help with incontinent
patients, who have urgency incontinence or who cannot reach the toilet in time
before urinary leakage occurs. The indwelling catheter is used generally to allow
continuous drainage (e.g., if voiding problems, in which the bladder cannot drain
without assistance) and inherently carries higher risk of infection due to its invasive
nature.

How Best to Drain an Infected Bladder?

A non-drained bladder becomes a reservoir for infection and culminates in “pyocys-
tis” (a pus-filled bladder). This should be removed (cystectomy) with urinary diver-
sion of the upper tracts (e.g., by a urinary conduit into a stoma), rather than long-term
drainage by catheter. Often such patients may be deemed unfit to tolerate a cystec-
tomy procedure and therefore may simply undergo urinary diversion. However,
with time there is increased risk of overwhelming sepsis associated with leaving the
infected bladder in situ, and, thus, removal of the bladder is preferable to leaving
with a long-term catheter.
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What Is the Best Type of Self-Catheter?

There are a number of lubricated catheters that can be used for self-catheterization,
and the local facilities and resources may help determine which type is favored.
There are studies comparing certain attributes of different catheters, but the general
principles and technique outweigh any great differences in UTI rates.
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Chapter 7
Complementary Therapy Strategies: Myths,
Facts, and Lifestyle

Henry A. Lee and Dominic King

Abstract The objective of this chapter is to consider widely held popular beliefs
surrounding UTIs and to see whether they stand up when scrutinized by medical
research.

A great deal has been written on the subject of cranberry juice and its role in the
treatment and prevention of UTIs. Cranberry juice can help prevent recurrent UTIs
in women, but there is no evidence that it is effective in treating UTIs. Cranberry
products work by inhibiting pathogenic adherence to the uroepithelium and proba-
bly not through acidification of the urine as was previously thought. Uva ursi (bear-
berry) can be used to treat UTIs affecting the lower tract, but should not be used for
long-term prophylaxis as prolonged exposure to metabolites may be carcinogenic.

There is some weak evidence to suggest that probiotics and some vitamins (e.g.,
vitamin C) can help prevent UTIs. In addition to this, there is an association between
frequency of sexual intercourse and UTIs, but not between number of partners and
UTIs. Bubble bath probably does not increase the risk of UTIs, whereas condom use
and contraceptive diaphragm use are associated with higher rates of UTI, although
this should not discourage the use of safe sex.
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What Complementary Therapies Can Be Used
in the Management of UTIs?

In the last decade, there has been widespread and increasing interest from Western
populations in complementary therapies (also known as alternative therapy or medi-
cine, natural remedies or therapy, or traditional therapy). Such therapies are used for
many conditions, but there is a more widespread acceptance of their use for UTIs.
The most popular, and most formally investigated, is cranberry juice or cranberry
products [1]. Numerous other botanicals, such as berberine [2], blueberry [3], and
uva ursi (bearberry) [4], have also been investigated, as have naturally occurring
nutrients, such as vitamin C [5] and D-mannose [6], as well as probiotics [7, 8].
Nearly all complementary therapies used in relation to UTIs are for infections of the
lower rather than upper urinary tract.

Can Cranberry Juice or Products Be Used to Treat UTIs?

Popular urban myths and “old wives” tales abound regarding the use of cranberry
juice in the treatment of UTIs. A number of recent and methodologically robust
systematic reviews have concluded that there is no evidence to suggest that cran-
berry juice, or cranberry products, are effective at treating UTIs [9-11].

Cranberry bush with fruit partially submerged

Cranberry bush with fruit
partially submerged
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Can Cranberry Juice or Products Be Used to Prevent UTIs?

A Cochrane review and meta-analysis of the use of cranberry products in the pre-
vention of UTIs concluded that over a 12-month period, daily use significantly
reduced the incidence of UTIs [9]. The authors commented that the evidence was
strongest for women with recurrent UTIs. There is mixed evidence to support the
use of cranberry products in elderly populations [12]. There is no evidence to sug-
gest that cranberry products are of benefit for preventing symptomatic UTIs in indi-
viduals with long-term urinary catheters [13].

There are many different cranberry product formulations and the recommended
dose varies, depending upon the brand and concentration. The usual dose for UTI
prevention is 250-500 ml daily and unsweetened juice is preferable [14]. Capsules
that contain concentrated cranberry juice are a popular alternative and are usually
taken two to three times a day for prevention [14]. It should be noted that although
the popular conception of a glass of cranberry juice a day to prevent UTIs is an easy
form of therapy to follow, the evidence would suggest otherwise. Compliance rates
of less than 80 % are not uncommon, and in one study 63 % of participants dropped
out [15], suggesting that cranberry products may not be acceptable for long-term use.

How Do Cranberry Products Prevent UTIs?

Cranberries (Vaccinium macrocarpon) have been used to treat and prevent UTIs for
centuries as part of different folk remedies. There are two main mechanisms through
which cranberry products are thought to prevent UTIs, acidification of urine and
inhibition of bacterial adherence to the urothelium.

The acidification theory is a straightforward one and suggests that the quinic acid
in cranberry juice causes large amounts of hippuric acid to be secreted in the urine
[16]. The lowered pH of the urine creates an inhospitable environment for uropatho-
gens. Doubt has been cast over this theory, however [1], as only short-lived reduc-
tions in urinary pH have been seen in more recent studies where participants have
ingested usual amounts of cranberry products [17, 18]. A different explanation is that
the ingestion of these products prevents pathogenic bacteria from adhering to the lin-
ing of the urinary tract. Cranberry products have been shown to prevent pathogenic
adherence to the urothelium through interfering with fimbrial binding to epithelial
cells [19]. Several different fruit juices (including guava, mango, grapefruit, and
blueberry) have been shown to inhibit bacterial adherence related to type 1 fimbrial
expression (mannose sensitive), whereas only cranberry juice and blueberry juice
have been shown to reduce adherence related to type P fimbrial expression [3, 20].

Do Cranberry Products Interact with Other Medications?

Cranberry products are generally very safe. The main issue surrounding their use has
been a possible interaction with warfarin. Based on 12 reports of possible interactions
with warfarin [21], the British Committee on Safety of Medicines and the Medicines
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and Healthcare Products Regulatory Agency issued advice that patients taking cran-
berry juice with warfarin should have their international normalized ratio (INR) mon-
itored closely [22]. A subsequent systematic review has, however, shown no available
data to support cranberry juice as the agent responsible for the INR elevations [23].

What Other Botanicals Can Help Prevent UTIs?

Blueberries (Vaccinium myrtillus), also known as bilberries, are thought to help
prevent UTIs through a similar mechanism as cranberries [3], although blueberry
juice is less acidic. There is certainly less evidence from clinical practice to support
blueberry use, although this may, in part at least, be due to the fact that cranberry
juice has been more widely available for a longer period than blueberry juice. Given
that blueberries have gained “superfood” status in the popular press [24, 25], it is
likely that more work will be forthcoming in this area in the near future. Guidelines
on the effective dose or volume of blueberry product to prevent UTIs are difficult to
obtain and vary, depending upon the brand and concentration purchased.

Blueberry (Wikipedia)

Blueberry

Berberine is a plant isoquinoline alkaloid that is yellow in color and bitter to the taste.
It has been used in Ayurvedic and Chinese medicine for many centuries [26] and can be
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found in many plants, e.g., oregon grape (Mahonia aquifolium), goldthread (Coptis chi-
nensis), and goldenseal (Hydrastis canadensis) [27]. It has principally been used for
treatment of gastrointestinal infections such as Giardia lamblia and E. coli, although its
use in relation to UTIs has been reported [27]. Its mechanism of action is thought to be
due to direct bacteriostatic action through inhibiting cell division [28] and prevention of
bacterial adhesion [29]. Berberine, or remedies containing this supplement, should not be
taken during pregnancy due to the risk of inducing uterine contractions.

Goldenseal (Wikipedia)

Goldenseal
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Uva ursi (Arctostaphylos uva ursi), also known as bearberry, is a shrub native
to mountainous regions of North America. The leaves of the shrub contain the
glycoside arbutoside, which, when ingested, is absorbed as hydroquinone and,
after hepatic glucuronidation, is renally excreted [4]. The hydroquinone is sponta-
neously released from hydroquinone glucuronide as long as the urine is suffi-
ciently alkali (pH>7) and has direct antibacterial effects. Unlike cranberry
products, uva ursi is used for the treatment and not prevention of UTIs and has
federal licensing for treatment of UTIs in Germany [14]. It should not be taken for
long-term prophylaxis, however, as there is some concern that prolonged use may
be carcinogenic. The recommended dose in Germany is 3 g leaf extracted in
150 ml water by either hot or cold infusion up to four times daily, providing 400—
840 mg arbutoside [14].

Bearberry (Wikipedia)

Bearberry

Juniper (Juniperus communis) is a tree that is found predominantly in temperate
European regions and is another botanical with antimicrobial activity that has been
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used to treat UTIs [14]. The use of juniper tea for UTIs is a common folk remedy
across Europe, and its activity is believed to be through the action of antimicrobial
terpenoids that may have additional diuretic activity.

Cones and leaves from the juniper tree (Wikipedia)

Additional botanicals that have also been used in the treatment of UTIs include
buchu (Barosma betulina), marshmallow root (Althea officinalis), horsetail
(Equisetum arvense), dandelion leaf (Taraxacum officinale), and corn silk (Zea
mays). These complementary therapies may be as efficacious as those named above,
but have not yet been as extensively investigated.

How Effective Are Probiotics at Treating and Preventing
UTIs?

Probiotics are another complementary therapy that has gained popularity in recent
years, with supermarkets and health-food stores carrying an increasing range of such
products. Probiotics are described by the WHO as “live microorganisms, which
when administered in adequate amounts confer a health benefit to the host” [30].

Probiotics famously owe their origins to an observation made by Russian Nobel
Laureate Ilya Mechnikov, who attributed the long life and good health of Bulgarian
peasants to their consumption of large quantities of yogurt that contained lactic acid
bacteria [31].

Compared to their application in gastrointestinal conditions, the use of probiotics in
the treatment of UTIs has been the focus of much less medical research [7, 8], although
there have been several trials investigating their use in preventing recurrent UTIs [32—
35]. The results of these, however, have not consistently upheld the use of probiotics,
and in fact, only one trial reported a significant reduction in recurrent episodes [32].
These studies have almost exclusively been undertaken in young women with recur-
rent UTIs, and there is little evidence to demonstrate effectiveness in other groups.
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Can Vitamins Be Used to Treat UTIs?

There is some evidence to support the use of vitamins, but no body of work proves
that they can replace more conventional therapies in treating infections. Vitamin
C, for example, is a complementary therapy that is widely believed to be benefi-
cial in treating UTIs [36], yet despite its popularity on the high street for this
purpose, the evidence to support a direct effect of vitamin C in treating UTTIs is not
overwhelming. Vitamin C has been shown in small studies to be useful in helping
to prevent urinary tract infections in pregnant women [5] and has been shown to
help protect against UTI in a case-controlled study of college-aged women [37].
Vitamin A has also received some attention in respect to the prevention of UTIs,
although mainly in pediatric populations. There is limited evidence to support its
use in conjunction with initial antimicrobial therapy [38], although results are far
from conclusive [39].

Potassium and sodium citrate salts have been used in the alkalinizing of urine
and are a commonly used complementary therapy that has been widely adopted
by the medical community. Their effect is brought through raising the pH of the
urine and, in doing so, inhibiting microbial pathogenesis. They are particularly
efficacious in treating symptomatic dysuria [40] and help potentiate the effects
of certain botanicals such as uva ursi. D-Mannose is another nutrient that is a
popular complementary therapy for treating UTIs [27, 41]. Pathogenic E. coli
bind to the urinary tract via a specific mannose-sensitive receptor mechanism
[42, 43], and by increasing urinary mannose through dietary supplementation,
bacterial adherence and subsequent pathogenesis can be reduced. There is, how-
ever, no clinical trial data demonstrating the efficacy or otherwise of D—man-
nose in humans.

Can Acupuncture Help Prevent UTIs?

Acupuncture is suggested as an effective means of preventing UTIs by alternative
therapy stores and in the self-help literature. Unfortunately, this seems to amount to
little more than unproven enthusiasm. Other than numerous individual testimonials,
a literature search found only one trial into acupuncture to prevent UTIs [44], and
this followed on from work by the same authors [45]. This study showed that par-
ticipants in the acupuncture group developed fewer UTIs than controls, but has been
criticized in terms of study design and for the conclusions made on the basis of the
results [46].
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Acupuncture needles being inserted into a patient’s skin (Wikipedia)

Does Having Sex Cause UTIs?

The link between heterosexual vaginal intercourse and UTIs is a popular association
held by the general public and has given rise to the term “honeymoon cystitis” or
“honeymoon bladder” [47]. The link between primary UTI and intercourse was sug-
gested in a study that demonstrated that young nuns have a lower level of bacteriuria
than other populations [48] and has been subsequently substantiated by cross-
sectional case-control studies and prospective population-based cohort studies
[49-52].

For women who suffer from recurrent UTIs, sexual intercourse has also been
shown to be a strong predictor of developing a symptomatic infection [53], and
other works on college populations have shown that sexual intercourse increased the
risk of recurrent UTI in women, with both a different and the same uropathogen as
the first UTI [54].
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Is There a Link Between Number of Sexual Partners
and UTIs?

Generally speaking, UTIs are not regarded as sexually transmitted infections, and as
such there is no link between the number of sexual partners and UTIs [37, 51, 55].
There is, however, an association between the frequency of intercourse and UTIs
[52]. Unmarried young women having vaginal intercourse more than seven times
per week have been shown to have a nine times increased risk of UTI, compared to
those who did not have sexual intercourse during this period, with investigators
demonstrating a dose-response relation between recent sexual intercourse and the
risk of UTT [49].

Does Drinking Lots of Water Help Treat a UTI?

The belief that “flushing out” infections is one that is firmly fixed in the conscious-
ness of the general public and of healthcare professionals alike. The evidence to
support this, however, is far from clear and is contradictory to a degree [56, 57].
Studies in the 1960s based on reproductive rates of bacterial pathogens, prior to
knowledge that bacteria adherence was integral to virulence, demonstrated that flow
alone was not sufficient to flush out bacteria when voided volumes were small [58].

It is certainly the case that individuals with UTI should avoid dehydration to
ensure optimal immune function and that any concomitant antimicrobial treatment
is effective. There is evidence that many women with recurrent UTIs are helped by
a fluid intake or more than 2 1/day [59]. Perhaps the most well-balanced advice is
from Kunin, who suggests that “instruction to patients to drink ample fluids and
void frequently appears to be justifiable, except when the patient is being treated for
infection with agents that need to be concentrated in the urine” [60].

Can Drinking Carbonated or Caffeinated Drinks Cause
UTIs?

Internet forums for UTIs and health self-help websites repeatedly advocate avoiding
carbonated and caffeinated drinks (such as cola, tea, and coffee), but to say that they
cause UTIs is untrue. These beverages may, however, mimic or exacerbate symp-
toms of a UTI and have been associated with increased rates of UTIs in some
populations.

Caffeine is believed to increase detrusor pressure [61] and also acts as a mild
diuretic, so it may exacerbate the lower urinary tract symptoms associated with a
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UTI. Regular consumption of cola drinks and tea has been shown in some studies to
be strongly associated with UTIs, as have coffee and other carbonated drinks to a
lesser extent [36], although another work has not demonstrated these links [50].
Preliminary results from a more recent study suggest that tea, coffee, and cola are
all strongly associated with developing UTIs [62].

Are There Any Other Popular Misconceptions About Lifestyle
Factors and UTIs?

One popular myth states that the wearing of tight-fitting clothes can predispose
to UTIs. Not much formal work has been done into this area, but one study of
college-aged women showed that wearing tight jeans, as compared to loose/very
loose jeans, was strongly associated with first UTI, and moderately associated
with second UTI [36]. Wearing cotton underwear is commonly regarded as help-
ful in preventing UTI, although there is no evidence to support this widely held
belief, and one study showed an association between first UTI and wearing cot-
ton underwear [36]. There was a slight association between bubble baths and
UTIs in one study, but no other evidence to convincingly support or refute the
well-known claim that bubble baths predispose to UTIs. However, there is good
evidence that contraceptive diaphragms are associated with UTIs [50, 63], as is
condom use [52, 64].

Key Points

* Cranberry juice can help prevent recurrent UTIs in women, but there is no
evidence that it is effective in treating UTIs.

* Cranberry products work by inhibiting pathogenic adherence to the uroepi-
thelium and probably not through acidification of the urine as was previ-
ously thought.

» Uva ursi can be used to treat UTIs affecting the lower tract, but should not
be used for long-term prophylaxis as prolonged exposure to metabolites
may be carcinogenic.

* There is some weak evidence to suggest that probiotics and some vitamins
can help prevent UTIs.

» There is an association between frequency of sexual intercourse and UTIs,
but not between number of partners and UTIs.

* Bubble baths probably do not increase the risk of UTIs, whereas condom
use and contraceptive diaphragm use are associated with higher rates of
UTIL.
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Chapter 8
A Look to the Future

Ranan Dasgupta

Abstract The development of guidelines for management of urinary tract infec-
tions has helped toward some standardization in this diverse field, though it is
becoming increasingly apparent how limited our antibiotic armamentarium is
becoming, through the development of resistant bacteria. Clearly new treatment
strategies are needed (e.g., vaccination), and we await clinical trials to test such
novel therapies which are much needed.

Keywords UTTI ¢ Guidelines * Vaccinations ® Antimicrobial

Bacteria have existed for several million years, and therefore the discovery of peni-
cillin in the past century would seem to be a footnote in history, and the develop-
ment of subsequent antibiotic resistance appears like a postscript. The widespread
application of antibiotics incorporates prophylactic and therapeutic regimes to man-
age urinary tract infections, both community-acquired and nosocomial in origin.
Guidelines are developed by specialist organizations which could perhaps
address the different challenges for UTIs in the community and in the hospital set-
ting, and while local variations will always exist, a global perspective (e.g., through
international databases, such as that exemplified by the Working Group for UTI in
the European Association of Urology) would be particularly useful. Antibiotic pro-
phylaxis before surgery has been adopted as a universally accepted principle, and
therefore, such knowledge would help rationalize and optimize treatment regimens.
Future research in this field may include strategies against recurrent infections
(e.g., vaccines [1, 2]), minimizing antibiotic resistance (possibly as a public health
intervention, in the laboratory, or likely both), identifying the genetic predisposition
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to recurrent infections, and further development of technologies to deliver
antimicrobial treatments (e.g., drug-eluting stents or other devices).

In some ways, a short book such as this can answer some of the basic questions
of how best to manage UTIs, but hopefully readers will also be sufficiently chal-
lenged to enquire how to improve care in certain conditions and be stimulated into
perhaps even finding the solutions.
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