immunocompetent patient implies either genital contamination or
potentially widespread visceral dissemination.
Environmental Factors • Vaginal Ecology In women, vaginal ecology is an important environmental factor affecting the risk of UTI.
Colonization of the vaginal introitus and periurethral area with organisms from the intestinal flora (usually E. coli) is the critical initial step
in the pathogenesis of UTI. Sexual intercourse is associated with an
increased risk of vaginal colonization with E. coli and thereby increases
the risk of UTI. Nonoxynol-9 in spermicide is toxic to the normal
vaginal microflora and thus is likewise associated with an increased
risk of E. coli vaginal colonization and bacteriuria. In postmenopausal
women, the previously predominant vaginal lactobacilli are replaced
with colonizing gram-negative bacteria. The use of topical estrogens to
prevent UTI in postmenopausal women is controversial; given the side
effects of systemic hormone replacement, oral estrogens should not be
used to prevent UTI.

Host Factors The genetic background of the host influences the
individual’s susceptibility to recurrent UTI, at least among
women. A familial disposition to UTI and to pyelonephritis is
well documented. Women with recurrent UTI are more likely to have
had their first UTI before the age of 15 years and to have a maternal
history of UTI. A component of the underlying pathogenesis of this
familial predisposition to recurrent UTI may be persistent vaginal
colonization with E. coli, even during asymptomatic periods. Vaginal
and periurethral mucosal cells from women with recurrent UTI bind
threefold more uropathogenic bacteria than do mucosal cells from
women without recurrent infection. Epithelial cells from women who
are non-secretors of certain blood group antigens may possess specific
types of receptors to which E. coli can bind, thereby facilitating colonization and invasion. Mutations in host response genes (e.g., those coding for Toll-like receptors and the interleukin 8 receptor) also have
been linked to recurrent UTI and pyelonephritis. Polymorphisms in
the interleukin 8–specific receptor gene CXCR1 are associated with
increased susceptibility to pyelonephritis. Lower-level expression of
CXCR1 on the surface of neutrophils impairs neutrophil-dependent
host defense against bacterial invasion of the renal parenchyma.
Microbial Factors An anatomically normal urinary tract presents
a stronger barrier to infection than a compromised urinary tract.
Thus, strains of E. coli that cause invasive symptomatic infection
of the urinary tract in otherwise normal hosts often possess and
express genetic virulence factors, including surface adhesins that mediate binding to specific receptors on the surface of uroepithelial cells.
The best-studied adhesins are the P fimbriae, hairlike protein structures that interact with a specific receptor on renal epithelial cells. (The
letter P denotes the ability of these fimbriae to bind to blood group
antigen P, which contains a D-galactose-D-galactose residue.) P fimbriae are important in the pathogenesis of pyelonephritis and subsequent bloodstream invasion from the kidney.
Another adhesin is the type 1 pilus (fimbria), which all E. coli strains
possess but not all E. coli strains express. Type 1 pili are thought to play
a key role in initiating E. coli bladder infection; they mediate binding
to uroplakins on the luminal surface of bladder uroepithelial cells. The
binding of type 1 fimbriae of E. coli to receptors on uroepithelial cells
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APPROACH TO THE PATIENT:
Clinical Syndromes
The most important issue to be addressed when a UTI is suspected
is the characterization of the clinical syndrome as ASB, uncomplicated cystitis, pyelonephritis, prostatitis, or complicated UTI. This
information will shape the diagnostic and therapeutic approach.
Asymptomatic Bacteriuria
A diagnosis of ASB can be considered only when the patient does
not have local or systemic symptoms referable to the urinary tract.
The clinical presentation is usually that of a patient who undergoes
a screening urine culture for a reason unrelated to the genitourinary
tract and is incidentally found to have bacteriuria. The presence of
systemic signs or symptoms such as fever, altered mental status, and
leukocytosis in the setting of a positive urine culture does not merit
a diagnosis of symptomatic UTI unless other potential etiologies
have been considered.
Cystitis
The typical symptoms of cystitis are dysuria, urinary frequency,
and urgency. Nocturia, hesitancy, suprapubic discomfort, and gross
hematuria are often noted as well. Unilateral back or flank pain is
generally an indication that the upper urinary tract is involved.
Fever also is an indication of invasive infection of either the kidney
or the prostate.
Pyelonephritis
Mild pyelonephritis can present as low-grade fever with or without
lower-back or costovertebral-angle pain, whereas severe pyelonephritis can manifest as high fever, rigors, nausea, vomiting, and
flank and/or loin pain. Symptoms are generally acute in onset, and
symptoms of cystitis may not be present. Fever is the main feature
distinguishing cystitis and pyelonephritis. The fever of pyelonephritis typically exhibits a high spiking “picket-fence” pattern and
resolves over 72 h of therapy. Bacteremia develops in 20–30% of
cases of pyelonephritis. Patients with diabetes may present with
obstructive uropathy associated with acute papillary necrosis when
the sloughed papillae obstruct the ureter. Papillary necrosis may also
be evident in some cases of pyelonephritis complicated by obstruction, sickle cell disease, analgesic nephropathy, or combinations of
these conditions. In the rare cases of bilateral papillary necrosis, a
rapid rise in the serum creatinine level may be the first indication
of the condition. Emphysematous pyelonephritis is a particularly
severe form of the disease that is associated with the production of
gas in renal and perinephric tissues and occurs almost exclusively
in diabetic patients (Fig. 162-2). Xanthogranulomatous pyelonephritis occurs when chronic urinary obstruction (often by staghorn calculi), together with chronic infection, leads to suppurative
destruction of renal tissue (Fig. 162-3). On pathologic examination,
the residual renal tissue frequently has a yellow coloration, with
infiltration by lipid-laden macrophages. Pyelonephritis can also be
complicated by intraparenchymal abscess formation; this situation
should be suspected when a patient has continued fever and/or
bacteremia despite antibacterial therapy.

CHAPTER 162 Urinary Tract Infections, Pyelonephritis, and Prostatitis

Anatomic and Functional Abnormalities Any condition that permits
urinary stasis or obstruction predisposes the individual to UTI.
Foreign bodies such as stones or urinary catheters provide an inert
surface for bacterial colonization and formation of a persistent biofilm.
Thus, vesicoureteral reflux, ureteral obstruction secondary to prostatic
hypertrophy, neurogenic bladder, and urinary diversion surgery create
an environment favorable to UTI. In persons with such conditions, E.
coli strains lacking typical urinary virulence factors are often the cause
of infection. Inhibition of ureteral peristalsis and decreased ureteral
tone leading to vesicoureteral reflux are important in the pathogenesis
of pyelonephritis in pregnant women. Anatomic factors—specifically,
the distance of the urethra from the anus—are considered to be the
primary reason why UTI is predominantly an illness of young women
rather than of young men.

initiates a complex series of signaling events that leads to apoptosis and 863
exfoliation of uroepithelial cells, with the attached E. coli organisms
carried away in the urine.

Prostatitis
Prostatitis includes both infectious and noninfectious abnormalities of the prostate gland. Infections can be acute or chronic, are
almost always bacterial in nature, and are far less common than
the noninfectious entity chronic pelvic pain syndrome (formerly
known as chronic prostatitis). Acute bacterial prostatitis presents as
dysuria, frequency, and pain in the prostatic pelvic or perineal area.
Fever and chills are usually present, and symptoms of bladder outlet
obstruction are common. Chronic bacterial prostatitis presents
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