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�Introduction

There has been great controversy as to what differentiates infec-
tion of the urinary tract from mere colonization. The term coloni-
zation may be considered obsolete, or, it may be viewed as a 
clinical scenario on the same continuum as infection. The urinary 
tract is a sterile medium, and therefore, any presence of bacteria 
in the urine should be regarded as an infection, regardless of 
symptomatology. The requirement of delineation between 
asymptomatic and symptomatic bacteriuria occurs at the level of 
whether treatment is warranted or not. The additional presence of 
a catheter adds another level of complexity to the clinical equa-
tion. Catheter-associated urinary tract infections are the leading 
cause of secondary nosocomial bacteremia. An estimated 20 % of 
hospital-acquired bacteremias arise from the urinary tract, and the 
mortality associated with this condition is about 10 %. This chap-
ter will seek to increase the understanding of the definitions, epi-
demiology, etiology (including risk factors and microbiology), 
pathogenesis, clinical presentation, diagnosis, treatment (includ-
ing information on antimicrobial drug resistance), complica-
tions, and prevention of urinary tract infections.

�Definitions

Urinary tract infection (UTI), in patients without a bladder 
catheter, is defined as the presence of symptomatology in 
combination with a positive urine culture, containing at least 

105 colony-forming units (CFU) per milliliter with the isolation 
of fewer than two microorganisms.

Catheter-associated urinary tract infection (CAUTI) must 
contain at least 103 CFU/mL, with the urine sample being 
obtained with an aseptic technique.

Asymptomatic bacteriuria is defined as isolation of a 
specified quantitative count of bacteria in an appropriately 
collected urine specimen from an individual without symp-
toms or signs (e.g., the absence of fever greater than 38 °C, 
suprapubic tenderness or costovertebral angle pain or tender-
ness) of urinary tract infection [1].

For women, asymptomatic bacteriuria is defined as 
two consecutive clean-catch voided urine specimens with 
isolation of the same organism in quantitative counts of at 
least 105 CFU/mL [2].

For men, asymptomatic bacteriuria is defined as a single 
clean-catch voided urine specimen with one bacterial species 
isolated in counts of at least 105 CFU/mL in the absence of 
symptoms [2]. The presence of pyuria (at least 10 leukocytes/
mm3 of uncentrifuged urine) is insufficient for the diagnosis 
of bacteriuria [3].

Symptomatic catheter-related bacteriuria is defined as the 
presence of fever greater than 38 °C, suprapubic tenderness, 
costovertebral angle tenderness, or otherwise unexplained 
systemic symptoms (e.g., malaise, altered mental status, 
hypotension, metabolic acidosis, respiratory alkalosis, or a 
systemic inflammatory response syndrome), together with 
one of the following:

•	 Urine culture with greater than 105 CFU/mL irrespective 
of urinalysis

•	 Urine culture with greater than 103 CFU/mL with evidence 
of pyuria (urinalysis positive for leukocyte esterase and/or 
nitrite, microscopic pyuria or presence of microbes seen 
on the Gram stain of unspun urine) [4].

Patients who have had indwelling urinary catheters within 
the past 48  h (even if they are not in place at the time of 
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infection) are considered to have catheter-associated UTI if 
they meet these definitions.

In asymptomatic catheterized men or women, bacteri-
uria is defined as a single catheterized specimen with isola-
tion of a single organism in quantitative counts of at least 
102 CFU/mL [2].

Infections of the urinary tract include cystitis (infection of 
the urinary bladder, or the lower urinary tract), pyelonephri-
tis (infection of the kidney, or the upper urinary tract), or 
both. Prostatitis, inflammation of the prostate gland, is a 
separate but similar clinical entity that is beyond the scope of 
this chapter.

Emphysematous urinary tract infections are infections 
(cystitis, pyelitis, or pyelonephritis) of the lower or upper 
urinary tract associated with gas formation.

A urinary tract infection involving a healthy, ambulatory 
woman with no history suggestive of anatomical or functional 
urinary tract abnormality is termed as uncomplicated.

A urinary tract infection becomes complicated when it is 
associated with another underlying condition that increases 
the risk of treatment failure. These conditions include diabe-
tes, pregnancy, symptoms for at least a week prior to seeking 
medical attention, hospital-acquired infection, urinary tract 
obstruction, presence of urinary tract hardware (e.g., indwell-
ing urethral catheter, stent, nephrostomy tube, or urinary 
diversion), recent urinary tract instrumentation, functional or 
anatomical urinary tract abnormality, history of childhood 
urinary tract infection, or renal transplantation. In addition, 
any urinary tract infection in a male, by definition, is consid-
ered to be complicated because they are more likely to be 
associated with anatomic abnormalities (e.g., bladder outlet 
obstruction secondary to prostatic hypertrophy or recent 
instrumentation), and may require surgical intervention to 
prevent further complications.

Infection with a multidrug resistant organism is also con-
sidered complicated, although these patients are not at a 
higher risk of treatment failure so long as an appropriate 
antibiotic, based on susceptibility profiles, is used.

Acute complicated pyelonephritis is the progression of an 
upper urinary tract infection to emphysematous pyelonephri-
tis, renal corticomedullary abscess, perinephric abscess, or 
papillary necrosis.

The distinction between reinfection and relapse is diffi-
cult to make and is arbitrarily defined. A recurrent infection 
is called a relapse if the infecting strain is the same as the 
prior infection, and the recurrence occurs within 2 weeks of 
treatment completion for the prior infection. A recurrent 
infection is called a reinfection if the infection recurs more 
than 2 weeks after treatment completion, regardless of the 
nature of the uropathogenic strain. If there is a documented 
sterile urine culture between the two infections, and the 
patient is off antibiotics, the recurrence is also called a 
reinfection.

�Epidemiology

Urinary tract infections are the most common bacterial infec-
tion encountered in the ambulatory setting. They accounted 
for 8.6 million visits nationally in 2007, with 84 % of those 
cases involving women. By age 32, half of women have had 
at least one urinary tract infection [5].

For sexually active young women, symptomatic UTI car-
ries a high incidence. Increased risk is seen with recent sex-
ual intercourse, recent spermicide use, and a personal history 
of UTI [6]. Cystitis also occurs in postmenopausal women 
[7]. Recurrent uncomplicated UTIs are seen even with ana-
tomic and physiologic urinary tract normality. Acute pyelo-
nephritis is less common than acute cystitis. Recurrent 
pyelonephritis in healthy women is uncommon. Infections 
with Escherichia coli (E. coli) in particular tend to recur 
within the first 6 months [8].

The prevalence of asymptomatic bacteriuria among 
healthy women tends to increase with age. It affects approx-
imately 1 % of schoolgirls and more than 20 % among 
women over the age of 80 years. This also tends to correlate 
with sexual activity [9]. Greater prevalence is seen in pre-
menopausal married women than nuns of the same age [10]. 
There is no significant difference between pregnant (2 %) 
and nonpregnant (7 %) women [11]. Asymptomatic bacteri-
uria generally has a transient (rarely lasting longer than a 
few weeks) in young healthy women.

Diabetic women have a three- to fourfold higher preva-
lence (8–15 %), with a correlation seen between the duration 
and presence of long-term diabetic sequelae. Duration of 
diabetes more than 10 years has a relative risk of 2.6. Insulin 
use also appears to carry an increased risk with a relative risk 
of 3.7 [12].

In pregnancy, bacteriuria occurs in 2–7 %, especially in 
multiparous women. This prevalence is similar to that seen in 
nonpregnant women. The organisms are also similar in species 
and virulence between pregnant and nonpregnant women [13]. 
Bacteriuria is commonly seen in the first month of pregnancy 
[14]. Acute cystitis occurs in 1–2 % of pregnant women. There 
is a greater likelihood among pregnant women for bacteriuria 
to progress to pyelonephritis. Up to 30–40 % of pregnant 
women with untreated asymptomatic bacteriuria will develop 
symptomatic UTI, including pyelonephritis. This risk is 
reduced by 70–80 % if the bacteriuria is treated [15].

For young healthy adult men, the incidence of symptom-
atic UTI (5–8 UTIs per year per 10,000 young to middle-aged 
men) is much lower than that in women. Asymptomatic 
bacteriuria is rare among healthy young males [16]. The 
prevalence rises to 6–15 % among men over the age of 75 
years [17]. The presence of diabetes does not confer any addi-
tional risk of asymptomatic bacteriuria among males.

Candiduria is becoming increasingly common, with noso-
comial UTIs due to Candida species being 22 % between 
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1986 and 1989 to almost 40 % between 1992 and 1997 [18]. 
Many of these patients were asymptomatic; therefore, a dis-
tinction between infection versus colonization could not be 
delineated [19].

Indwelling bladder catheters confer a significant risk of 
bacteriuria. Patients develop bacteriuria at a rate of 3–10 % 
per day of catheterization [20]. The clinical significance of 
catheter-associated asymptomatic bacteriuria is not known. 
About 10–25 % of patients will be symptomatic [21].

Urinary tract infections encompass almost half of infectious 
complications of renal transplantation [22]. The incidence of 
UTI following transplantation has been reduced with improve-
ments in surgical procedures, greater attention to rapid catheter 
removal, refinements in immunosuppressive therapy, and 
routine administration of antibiotic prophylaxis [23].

�Etiology

Many different variables are responsible for the causation of 
urinary tract infections. Sexual intercourse, diaphragm-
spermicide use, and a history of recurrent UTIs are strong 
and independent risk factors [6]. There is an increased risk 
for approximately 24 h post-coitus. Increased sexual inter-
course frequency correspondingly increases risk of infec-
tion. Having a new sexual partner within the past year 
increases risk [24].

Spermicide-coated condom use increases risk, as does 
recent antimicrobial use, even if used for UTI treatment [25]. 
Antimicrobials (beta-lactams are more heavily implicated 
than trimethoprim-sulfamethoxazole) lead to an alteration 
of  urogenital flora, especially Lactobacillus. A lack of 
Lactobacilli in the vaginal flora predisposes to UTI as these 
organisms competitively exclude uropathogens through epi-
thelial adhesion. Lactobacilli also produce lactic acid which 
lowers the vaginal pH, creating an inhospitable environment 
for uropathogens. They also produce bacteriocins and sur-
factants, and are involved in H2O2 production, in combina-
tion with chloride and myeloperoxidase in the vagina. 
Lactobacilli loss can also be caused by menopause (leading 
to a loss of estrogen and increased vaginal pH) and bacterial 
vaginosis [26].

Another identified risk factor is having the first UTI 
before the age of 15 years. Despite widespread thought that 
bathroom hygiene and wiping habits are associated with 
increased risk for UTIs, there has been no data to support this 
claim [24].

The use insulin and longer diabetes duration (greater than 
10 years) confer an increased risk. Diabetics do not exhibit a 
different microbial profile compared to non-diabetics [12]. 
Diabetes mellitus and urinary tract obstruction (mainly 
papillary necrosis and ureteral calculi) confer an increased 
risk for emphysematous UTIs [27].

Anatomical and urologic differences may also account for 
infections and recurrences. These include obstruction, stone 
formation, indwelling catheters, scarring, trauma, fistula 
formation, urinary incontinence, presence of a cystocele, 
post-void residual urine, a history of UTI before attaining 
menopause, and non-secretor status (discussed in Pathogenesis 
section) [28]. Neurogenic bladder carries an increased risk 
due to altered urodynamics and microtrauma from repeated 
intermittent catheterizations.

Specific risk factors identified for UTIs in men include 
insertive anal intercourse and lack of circumcision [29].

Risk factors for catheter-associated bacteriuria or UTI 
include female gender, diabetes mellitus, prolonged cathe-
terization, bacterial colonization of the drainage bag, and 
errors in catheter care [30].

The microbes implicated in uncomplicated cystitis and 
pyelonephritis are mainly Escherichia coli (75–95 %), 
with occasional other Enterobacteriaceae (such as 
Proteus mirabilis and Klebsiella pneumoniae), and 
Staphylococcus saprophyticus. Other Gram-negative and 
Gram-positive organisms are rarely isolated in uncompli-
cated infections [31].

Complicated UTIs involve a larger microbial spectrum, 
including the aforementioned pathogens, along with 
Pseudomonas, Serratia, Providencia, Enterococci, 
Staphylococci, and fungi. Organisms leading to complicated 
infections are more prone to exhibit antimicrobial drug resis-
tance patterns [32]. Risk factors for progression to compli-
cated pyelonephritis include urinary tract obstruction, 
urologic dysfunction, antibiotic resistant pathogen(s), and 
diabetes (particularly for emphysematous pyelonephritis and 
papillary necrosis).

Emphysematous infections are usually due to E. coli or 
Klebsiella pneumoniae [27]. Candida is a rare cause [33].

If organisms such as Lactobacilli, Enterococci, Group B 
Streptococci, and coagulase-negative Staphylococci (exclud-
ing Staphylococcus saprophyticus) are isolated in otherwise 
healthy individuals, contamination of the urine specimen is a 
reasonable conclusion. However, if these cultures are seen in 
symptomatic women when found in voided midstream urine 
at high counts with pure growth, they can be considered 
pathogenic [5].

Funguria is common among hospitalized patients and is 
generally benign. Invasive kidney infection is unusual, but dif-
ficult to treat. Risk factors for funguria included urinary tract 
drainage devices, prior antibiotic use, diabetes, urinary tract 
pathology, and malignancy. Common fungal isolates in the 
urine are Candida species (predominantly Candida albicans 
and Candida glabrata). A variety of other fungi can rarely 
involve the kidney as a result of disseminated infection. These 
include Aspergillus, Fusarium, Trichosporon, Mucorales 
(Rhizopus, Mucor), Dematiaceous molds, Cryptococcus neo-
formans, Histoplasma capsulatum, Coccidioides, Blastomyces 
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dermatitidis, Paracoccidioides brasiliensis, Sporothrix 
schenckii, and Penicillium marneffei.

Risk factors for UTI in transplant patients include the 
same risk factors that apply to the general population, in 
addition to additional factors related to the transplantation 
itself. Risk factors unrelated to transplantation include 
advanced age, female gender, reflux kidney disease prior to 
transplantation, and diabetes mellitus. Risk factors directly 
related to transplantation include deceased donor kidney, 
kidney–pancreas transplant, retransplantation, antithymo-
cyte globulin administration, urinary bladder catheterization, 
allograft rejection and subsequent increased immunosup-
pression, and ureteral stent placement [22].

Renal transplant patients exhibit many differences in 
microbial patterns. In general, infections are caused by Gram-
negative organisms, predominantly E. coli. The other Gram-
negative uropathogens that have been isolated include 
Pseudomonas aeruginosa, Enterobacter cloacae, Klebsiella 
pneumoniae, Klebsiella oxytoca, Serratia marcescens, 
Stenotrophomonas maltophilia, Citrobacter freundii, Proteus 
mirabilis, Achromobacter xylosoxidans, Acinetobacter bau-
mannii, and Morganella morganii. Because of the common 
practice of administering antibiotic prophylaxis among trans-
plant recipients, these organisms tend to exhibit increased 
resistance patterns [34]. Fungal UTIs occur in 5–11 % of 
transplant recipients with UTI, with Candida albicans being 
the most common cause. Other species include Candida trop-
icalis, Candida glabrata, and Candida krusei [35].

�Pathogenesis

The pathogenesis of urinary tract infections involves a com-
plex balance and interaction between a variety of factors. 
The main factors implicated include host-related factors 
(such as innate factors, urinary tract abnormalities, and 
behavioral factors) and pathogen-related factors (such as 
virulence).

Humans have a built-in normal defense mechanism against 
urinary tract infections. The mechanical force of urine flow 
helps expel any existing organisms from the genitourinary 
system. Superficial umbrella cells in the bladder will exfoliate 
in response to bacteria binding to surface uroplakins (a type 
of membrane protein). Underlying cells will rapidly differen-
tiate into superficial facet cells [36, 37].

There is also an innate immune response to urinary tract 
infections. There are antimicrobial peptides, such as beta-
defensin 1 and cathelicidin LL-37, in urine that bind and dis-
rupt bacterial membranes. Elements involved in host iron 
sequestration include lactoferrin, transferrin, and lipocalin-2. 
Tamm-Horsfall protein, or uromodulin, is responsible for 
binding and blocking bacterial fimbriae. Bladder and kidney 
cells are capable of upregulating cytokines and chemokines 

in response to bacteria, of which interleukin (IL) 8 appears to 
be a key factor by functioning as a neutrophil attractant. 
There are also a variety of Toll-like receptors (TLR) that rec-
ognize different patterns as part of the host response. TLR1 
and TLR2 recognize lipopeptides, TLR4 recognizes fimbriae 
and lipopolysaccharides, and TLR5 recognizes flagellin. 
These Toll-like receptors upregulate NFkB that subsequently 
increases the production of IL-6 and IL-8 [36, 37].

Urinary tract infections in women generally originate 
with fecal flora that colonize the vaginal introitus. These 
organisms then ascend the urethra to enter the bladder. 
Alterations in the normal vaginal flora, especially a decrease 
in H2O2-producing lactobacilli, can predispose to introital 
colonization with E. coli. Pyelonephritis is a result of patho-
gen ascent to the kidneys through the ureters. Underlying 
host and microbial factors that lead to progression from cys-
titis to pyelonephritis are not well understood at this time. 
Pyelonephritis may be caused by seeding of the kidneys as a 
result from bacteremia or from bacteria present in the 
lymphatic system [26].

There is a predisposition for developing pyelonephritis in 
pregnancy. This may be related to pregnancy-related ana-
tomic changes in the urinary tract, such as increased pressure 
on the bladder from the enlarging gravid uterus, and an 
increase in ureteral size due to smooth muscle relaxation. 
The immunosuppression of pregnancy may also play a role, 
including lower mucosal IL-6 levels and serum antibody 
responses to E. coli antigens [38].

Recurrences, in general, follow the same basic princi-
ples as sporadic infection. Recurrences due to the same 
bacterial strain may be due to reinfection, with the source 
being a remnant uropathogen reservoir in the bladder epi-
thelium from a prior infection. This may be related to intra-
cellular bacterial communities and quiescent intracellular 
reservoirs [39]. There is evidence of clonal invasion of epi-
thelial cells in biofilm structures. This allows the bacteria to 
evade host defenses. Antibiotics are not capable of pene-
trating these structures well. The majority of cystitis recur-
rences are reinfections. The initial pathogenic strain can 
persist in the fecal flora after being eliminated from the uri-
nary tract. E. coli strains can be responsible for recurrent 
UTIs 1–3 years later, although most recurrences occur 
within the first 3 months [40].

Women with recurrent infections have an increased sus-
ceptibility to vaginal colonization with uropathogens. This is 
partially due to a greater tendency for uropathogenic coli-
forms to adhere to the uroepithelium in women with a history 
of recurrences when compared to women without recurrent 
infections [41]. Genetic determinants also play a role. The 
non-secretor and the P1 phenotypes have higher expression 
among females with recurrent UTI and recurrent pyelone-
phritis, respectively. Uroepithelial cells from women who are 
non-secretors of ABH blood group antigens have stronger 
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adherence of uropathogenic E. coli when compared with cells 
from secretors [42]. The non-secretors also express unique 
glycolipid receptors that bind uropathogenic E. coli. The IL-8 
receptor (IL8R or CXCR1) is another implicated genetic 
factor. IL-8 promotes neutrophil migration across infected 
uroepithelium [43].

Asymptomatic bacteriuria and symptomatic urinary tract 
infection are significantly less common in men when com-
pared to women. This is because of inherent anatomical dif-
ferences in men, namely the longer urethral length, drier 
periurethral environment (with subsequent less frequent bac-
terial colonization), and prostatic fluid’s antibacterial 
properties.

The lack of symptoms with asymptomatic bacteriuria 
may be related to the specific pathogen, the host, or both. 
When comparing asymptomatic bacteriuria, cystitis, and 
pyelonephritis, the microbiology is similar. There may be 
some strains that exhibit subtle adaptations that promote 
pathogenesis. In order for symptomatic infection to occur, 
bacteria irreversibly attach to the urinary tract via fimbrial 
adhesins. Some strains with reduced fimbrial expression 
grow more rapidly, which then leads to asymptomatic bacte-
riuria [44]. The strains implicated in asymptomatic bacteri-
uria might be less virulent, and therefore, may not constitute 
true pathogens and are unlikely to progress to serious infec-
tion [45]. Because of this, it is postulated that colonization 
with “uroprotective” bacterial strains (especially strains of 
E. coli) may protect against infection from invasive uro-
pathogens [46]. Host factors that may be implicated in 
asymptomatic bacteriuria may be related to lower levels of 
neutrophil Toll-like receptor 4 (TLR4) expression. TLR4 is 
responsible for the mucosal response to E. coli, and its inac-
tivation can lead to a carrier state resembling asymptomatic 
bacteriuria [47].

Bacterial adhesion to mucosal or urothelial cells is an 
important determinant of bacterial virulence. Infection in the 
urinary tract is partly related to the bacteria’s ability to adhere 
and colonize other locations (e.g., the gut, perineum, urethra, 
bladder, and kidneys) [48]. Adhesion is especially of interest 
when infections occurs in an anatomically normal urinary 
tract, but it also plays a significant role in recurrent cystitis 
and catheter-associated infections [49].

Uropathogenic Enterobacteriaceae are electronegative 
and too small to overcome repulsion by the net negative 
charge of epithelial cells. Therefore, bacterial adhesion can-
not happen in the absence of fimbrial or other non-fimbrial 
surface adhesion systems, which have favorable electrical 
charge and promote adhesion via hydrophobicity [50].

Bacterial virulence does not appear to be related to anti-
microbial drug resistance.

Virulence of uropathogenic E. coli appears to be related to 
several O-serotypes (O1, O2, O4, O6, O7, O16, O18, and 
O75) [51]. While they only comprise 28 % of normal fecal 

flora isolates, they are the culprit in 80 % of pyelonephritis 
cases, 60 % of cystitis cases, and 30 % of asymptomatic bac-
teriuria cases [52].

The presence of adhesins on the tip of bacterial fimbriae 
(also known as pili) and on the bacterial surface (non-fimbrial 
adhesins) is the most important factor in E. coli uropatho-
genicity. Most adhesins are lectins that recognize binding 
site conformations from oligosaccharide sequences on the 
epithelial cell surface [53].

Two major fimbrial adherence systems (PAP and SFA) 
have been identified in E. coli strains associated with urinary 
tract infections. The PAP adhesin is found on the tip of P 
fimbriae. The term P fimbriae relates to the PAP adhesin’s 
ability to recognize the human digalactoside P blood group 
determinants on human erythrocytes and urothelial cells, that 
then facilitates increased adhesion. This plays an important 
role in host susceptibility to infection. Epithelial binding and 
invasion appears to be accomplished by Dr fimbriae [53].

Non-fimbrial adhesins include many different proteins, 
including AFA and the AT (autotransporter) family of tri-
meric proteins. Two of these latter proteins have structural 
similarity to the E. coli K12 antigen 43 (Ag43a), which pro-
motes biofilm growth. Its expression is associated with long-
term E. coli bladder colonization. UpaG is another 
non-fimbrial adhesin that binds to the epithelium, mediates 
cell aggregation, and relates to biofilm formation [54].

The frequency of PAP, SFA, and AFA operons is approxi-
mately 75 %, 25 %, and 10 %, respectively in pyelonephritis; 
45, 20, and 12 % in cystitis; and 24, 27, and 0 % in asymp-
tomatic bacteriuria [55]. Virtually all young females with a 
normal urinary tract and pyelonephritis have been found to 
have at least one adhesin system [56].

Because of the aforementioned findings, patients with 
UTI who are infected with non-uropathogenic (non-fimbrial) 
bacteria should undergo further investigations to detect a 
structural defect (e.g., intermittent reflux, neuromuscular 
bladder dysfunction, or bladder neck obstruction) leading to 
infection [56].

Apart from the presence of adhesins, bacterial fimbriae 
also appear to have other virulence properties that are respon-
sible for development of infection, but these are not yet well 
defined. Other virulence factors include the presence of 
flagellae (which are responsible for motility), hemolysin pro-
duction (which form pores in the epithelial cell membrane 
and lead to inflammation, damage, and hemorrhage), and 
aerobactin production (which is necessary for iron uptake in 
the iron-deficient urinary tract). CNF1 appears to play a role 
in adherence and invasion, and can stimulate bladder cell 
apoptosis [51].

Escherichia coli is capable of evading host defense mech-
anisms, as well. Its type 1 fimbriae make the siderophore 
enterobactin, which is neutralized by the host protein 
lipocalin-2. The bacteria can glycosylate enterobactin into 
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salmochelin, which lipocalin-2 cannot recognize. E. coli 
can also synthesize factors that blunt cytokine responses and 
help resist free radicals. It can also produce immunosuppres-
sants such as SisA and SisB [36, 37].

Escherichia coli may also have an effect on ureteral peri-
stalsis. Multiple strains of E. coli were tested. Non-
uropathogenic strains had no significant effect on ureteral 
motility. However, uropathogenic strains demonstrated some 
effect, from 9.47 to 96.7 % ureteral dysmotility over 8 h. This 
effect is postulated to be related to the FimH adhesin on the 
end of type 1 fimbriae [57].

Proteus mirabilis has its own armamentarium of virulence 
factors, including urease production, hemolysin production, 
IgA protease production, iron acquisition, flagellae, and fim-
briae. Urease hydrolyzes urea to ammonia and carbon diox-
ide. Ammonia combines with hydrogen to form ammonium. 
This leads to urine alkalinization with the urine pH being 
frequently above 7.0 and can even reach as high as 9.0. The 
alkalinity promotes precipitation of phosphate, carbonate, 
and magnesium, which form struvite stones and then large 
staghorn calculi. These stones contain a mixture of protein-
aceous matrix, leukocytes, struvite, and bacteria. Because 
the stone is Proteus-contaminated, it becomes a permanent 
source of bacteria. It also leads to urinary stasis, which then 
furthers bacterial multiplication, urinary alkalinization, and 
deposition of new struvite layers. Hemolysin in Proteus spe-
cies works in a similar fashion to Escherichia species in that 
it leads to epithelial cell inflammation, damage, and hemor-
rhage. Another entity, Proteus toxic agglutinin, remains 
anchored on the bacterial surface and leads to bacterial auto-
agglutination. This process is directly toxic to bladder and 
kidney cells [58].

Proteus mirabilis produces at least 4 fimbrial types that do 
not appear to be requisite for causing infection. At least 2 
fimbrial systems may contribute to colonization, namely the 
MR/P fimbriae for bladder and kidney infection; and the 
PMF fimbriae for bladder infection. UCA fimbriae bind epi-
thelial cells and can target a variety of surface receptors. ATF 
fimbriae is another structure that appears to be expressed 
optimally at room temperature, and may play a role in the 
organism’s survival outside of the urinary tract. ZapA is a 
zinc metalloprotease that cleaves IgG, IgA, complement, and 
antimicrobial peptides [58].

A particular phenotype termed “swarm cell differentia-
tion,” characterized by the formation of very long flagellae, 
appears to facilitate ascent into the urinary tract [59].

Staphylococcus saprophyticus is a common cause of 
cystitis in young sexually active women. It rarely leads to 
pyelonephritis. This organism adheres strongly to the urothe-
lium apparently because of a lactosamine residue [60].

Microorganisms have uptake and transport systems that 
steal essential metals from the host. The most important metals 
that have been identified are iron and zinc. Iron is critical for 

a variety of host processes. Zinc plays a key role in metallopro-
tease activity and piliation. The host sequesters these nutrients 
as a defense mechanism. However, bacteria are able to gener-
ate siderophores in order to harvest iron [36, 37].

The pathogenesis of funguria is not as well understood. 
Fungal multiplication is commonly found within the kidney, 
a phenomenon which does not appear to occur in any other 
organ. It is not known whether fungi preferentially localize 
in the kidney or are cleared from other organs more effi-
ciently. The pathogenesis of fungal renal infection appear to 
be related to the attachment of fungi to endothelial surfaces 
and penetration into tissue. The presence of yeast in the cap-
illary beds of the kidneys elicits an inflammatory response. 
The yeasts survive only if they are able to penetrate the capil-
lary walls and invade the interstitium. Invasion is expedited 
by attachment of the fungi via adherence mechanisms to the 
capillary walls. Pseudohyphal and hyphal forms facilitate 
penetration through the capillary walls. Ascending infection 
of the kidneys appears to be related to vesicoureteral reflux 
of fungi from the bladder [61].

Catheter-associated urinary tract infections may be 
extraluminal or intraluminal. Extraluminal infections occur 
with bacterial entry into the bladder along the biofilm that 
forms around the catheter in the urethra. Intraluminal infec-
tions occur due to urinary stasis because of drainage failure, 
or due to drainage bag contamination with subsequent 
ascending infection. Extraluminal infections are more com-
mon than intraluminal [62].

The organisms that cause urinary tract infections in a hos-
pital or nursing home are usually of different species and 
often have greater antibiotic resistance profiles when com-
pared to pathogens seen in the general community. 
Ambulatory patients with indwelling catheters tend to 
acquire uropathogens similar to those seen in hospitalized 
patients. These organisms may lack some virulence factors 
that allow the usual uropathogen to adhere to uroepithelial 
cells, but they can still easily access the bladder via the cath-
eter. Upper urinary tract infection is also an important conse-
quence of CAUTIs [63].

�Clinical Presentation

There is a crucial distinction to be made when evaluating 
a patient with bacteriuria—whether they are symptomatic 
or not. This distinction will serve to determine whether 
treatment is warranted. Many patients with bacteriuria 
will be asymptomatic, and may not always require antibi-
otic treatment. Symptomatic patients, on the other hand, 
will always require treatment. This will be further dis-
cussed later.

Patients with cystitis have dysuria, frequency, urgency, 
suprapubic pain/discomfort, and/or hematuria [64].

R. Singh et al.



83

Patients with pyelonephritis may or may not complain of 
the symptoms associated with cystitis, in addition to fever, 
chills, flank pain, costovertebral angle tenderness, nausea, 
and/or vomiting. Symptoms may mimic pelvic inflammatory 
disease. On rare occasions, acute pyelonephritis may mani-
fest as acute kidney injury, sepsis, multiple organ dysfunc-
tion syndrome (MODS), and/or shock [64].

Patients with emphysematous cystitis most commonly 
present with abdominal pain. Emphysematous pyelonephritis 
and emphysematous pyelitis are indistinguishable from severe 
acute pyelonephritis based on presentation. The symptoms 
may present suddenly or may evolve over 2–3 weeks.

Complicated pyelonephritis may present as weeks to 
months of malaise, fatigue, nausea, or abdominal pain.

Chronic pyelonephritis is an uncommon cause of chronic 
tubulointerstitial disease, usually associated with a chroni-
cally obstructing calculus or vesicoureteral reflux, in which 
patients again present with weeks to months of insidious 
non-specific symptoms.

Patients with indwelling catheters are rarely symptomatic. 
Even when faced with fever, urinary symptoms, and leukocy-
tosis, it can be difficult to attribute these to an active UTI [21].

Funguria is a common occurrence in the presence of 
indwelling catheters. When asymptomatic, the presence of 
yeasts generally reflect colonization. Infected patients may 
have dysuria, frequency, and suprapubic discomfort. When 
present, symptoms of fungal kidney involvement may 
include flank pain, costovertebral angle tenderness, abdomi-
nal pain, and/or abdominal tenderness [65].

Symptoms of urinary tract infection in pregnancy are no 
different from the nonpregnant population.

Patients in the extremes of age may have subtle symp-
toms. Elderly patients with indwelling catheters often have 
atypical presentations of infection. The clues to the presence 
of infection may be the development of fever or otherwise 
unexplained systemic manifestations compatible with infec-
tion, such as altered mental status, delirium, fall in blood 
pressure, metabolic acidosis, tachypnea, and respiratory 
alkalosis. However, fever may not be present [21].

In renal transplant patients, urinary tract infection usually 
occurs within the first year after transplantation. Now, due to 
multiple factors (routine administration of prophylactic anti-
biotics, refinements in immunosuppression, improvements in 
surgical techniques, and greater attention to early catheter 
removal post-operatively), more patients are presenting with 
UTI after the first year of transplantation. Patients can present 
with either uncomplicated cystitis (without pyelonephritis of 
allograft or native kidney and without sepsis) or pyelonephri-
tis involving either the native kidney or allograft. Symptoms 
are generally comparable to non-transplant patients [34]. 
Occasionally, patients may lack all clinical manifestations of 
UTI because of immunosuppression and denervation of the 
renal allograft [66].

�Diagnosis

Clinical history is of the utmost importance in diagnosis of 
uncomplicated cystitis or pyelonephritis along with clinical 
manifestations mentioned above. The likelihood of cystitis is 
more than 50 % in a woman with any of the symptoms of 
urinary tract infection presented above (clinical manifesta-
tions section) but the probability of urinary tract infection is 
usually greater than 90 % in a woman presenting with dys-
uria and frequency in the absence of vaginal discharge or 
irritation [3, 64].

Physical examination is another important entity and 
should consist of evaluation for fever, costovertebral angle 
tenderness, and complete abdominal examination including 
signs of guarding and rigidity. Complete pelvic exam should 
also be considered in cases where vaginitis or urethritis is 
present. In addition, testing for pregnancy is crucial in 
women of child bearing age presenting with symptoms of 
urinary tract infection.

Further assessment with laboratory diagnostic testing 
includes urinalysis and urine culture with susceptibility 
information. Urinalysis with microscopy or dipstick is 
acceptable depending on inpatient versus outpatient setting 
and is a quick and cheap diagnostic tool complimenting 
urine culture. However, urinalysis without a urine culture is 
also considered adequate for diagnosing uncomplicated cys-
titis if clinical symptoms are indicative of urinary tract infec-
tion unless there is strong suspicion for antimicrobial 
resistance or other confounding features including indwell-
ing catheters, anatomic abnormalities, history of renal trans-
plant, and clinical signs/symptoms indicating complicated 
cystitis with pyelonephritis.

Routine imaging studies are not indicated for diagnosing 
acute uncomplicated cystitis but may be required in certain 
complicated cases, recurrent UTIs, and pyelonephritis.

The most important aspect of urinalysis is searching for 
pyuria when evaluating a patient for urinary tract infection. 
Lack of pyuria on urinalysis should strongly instigate the cli-
nician to look for alternative diagnosis as pyuria is present in 
nearly all patients presenting with acute cystitis or pyelone-
phritis [67].

Evaluating an unspun midstream voided urine sample 
with a hemocytometer is the most precise technique of 
assessing for pyuria. A positive result is reported with 
≥10 leukocytes/microL [3].

Presence of white blood cell casts in the urine is indicative 
of upper tract infection. Red blood cells are common in UTI 
setting but uncommon in urethritis or vaginitis and therefore 
are helpful to the clinician when making treatment decisions. 
Hematuria, on the other hand, is neither an indication for longer 
therapy nor is a predictor for more severe infection.

Commercially available dipsticks are used to detect the 
presence of leukocyte esterase which is an enzymatic product 

6  Microbiology of Virulence: Urinary Tract Infection Versus Colonization



84

of leukocytes indicating pyuria. Dipsticks also detect for 
nitrite, a by-product of Enterobacteriaceae which convert 
urinary nitrate to nitrite.

Leukocyte esterase may also be used to look for >10 
leukocytes per high power field which has sensitivity of 
75–96 % and specificity of 94–98 % [68]. Furthermore, the 
presence of nitrite is appreciably sensitive and specific for 
detecting ≥105 CFU of Enterobacteriaceae per mL of urine 
but it does not have acceptable sensitivity to detect for other 
organisms. Consequently, negative results should not be 
taken for granted [69]. Further caution should be used when 
interpreting positive nitrite results because false positive 
nitrite tests can result when compounds that can make urine 
red are involved, such as bladder analgesic phenazopyridine 
or ingestion of beats.

The dipstick exam is useful in assessing for UTI when 
positive for either leukocyte esterase or nitrite with sensitiv-
ity of 75 % and a specificity of 82 % [64]. However, positive 
or negative dipstick results cannot accurately rule in or rule 
out a UTI because the clinical history along with presenting 
signs and symptoms of an individual patient is always con-
sidered more reliable.

Obtaining a proper urine culture may also be required 
when evaluating a patient with suspected UTI as treatment 
with antibiotics is considered. This has been increasingly 
more important in the face of increasing prevalence of anti-
microbial resistance amid uropathogens. It is also crucial to 
obtain a urine culture when dealing with a complicated UTI 
[70]. For instance, urine culture with susceptibility testing 
should be performed in all patients presenting with signs and 
symptoms of acute pyelonephritis [71]. Furthermore, a urine 
culture should be obtained for susceptibility data of uro-
pathogens if a patient is suffering from recurrent UTIs or 
symptoms persist after completing a course of antibiotics. 
A voided midstream urine specimen should be obtained for 
best results.

�Treatment and Resistance

Treatment guidelines presented in this section are intended 
for treating uncomplicated acute cystitis and pyelonephritis. 
Complicated cystitis and pyelonephritis therapy guidelines 
are not covered in this chapter as they are beyond the scope 
of this text.

Treatment of UTI is based on the severity of the infection. 
A key decision point in selecting an appropriate antibiotic 
regimen is whether a cystitis or pyelonephritis is present. 
Antibiotic selection for treatment of acute cystitis further 
depends on certain key factors that include resistance pro-
files of uropathogens, efficacy of selected antimicrobial 
agent along with its side effect profile, drug availability, and 
cost [72].

Some of the commonly suggested antimicrobial agents 
for the treatment of acute cystitis are as follows:

Nitrofurantoin: Nitrofurantoin monohydrate/macrocrys-
tals with suggested dose of 100 mg twice daily has reported 
efficacy rate of 90–95 % when used for 5–7 days orally 
according to randomized trials [73].

Special consideration: Nitrofurantoin is contraindicated 
in patients with creatinine clearance of <60 mL/min.

Trimethoprim-sulfamethoxazole (TMP-SMX): TMP-SMX 
with suggested dose of 160/800 mg (one double strength tab-
let) twice daily has reported efficacy rate of 86–100 % when 
used for 3–7 days orally according to randomized trials [74]. 
TMP-SMX should be dose adjusted at 50 % of recommended 
dose for patients with creatinine clearance of 15–30 mL/min.

Special consideration: Trimethoprim-sulfamethoxazole is 
contraindicated in patients with creatinine clearance of less 
than 15 mL/min.

Fosfomycin: Fosfomycin trometamol has reported effi-
cacy rate of 91 % when given 3 g as a single dose according 
to one randomized trial [75]. However, it is considered infe-
rior in efficacy when compared to other first-line agents sug-
gested for treatment of acute cystitis [76].

Pivmecillinam: Pivmecillinam with suggested dose of 
400 mg twice daily has reported efficacy of 55–82 % when 
given for 3–7 days orally according to randomized trials 
[77]. Evidently, it has lower clinical efficacy when compared 
to the other agents mentioned above. Pivmecillinam is cur-
rently not available in the USA.

Pyelonephritis is a more severe infection compared to 
cystitis and therefore requires special attention and selection 
of broader-spectrum antimicrobial agents. Definitive treat-
ment of pyelonephritis is generally based on susceptibility 
profiles of causative microbes. However, empiric choice of 
antimicrobial agents is again based on the severity of illness. 
One important decision point in treating pyelonephritis is 
whether to initiate inpatient treatment (which generally 
requires intravenous antibiotics) or if outpatient treatment 
with oral antibiotics is adequate.

Outpatient management of pyelonephritis is deemed 
appropriate for patients who have mild to moderate illness 
(with mild symptoms and low grade fever) that can be treated 
with oral antibiotic and oral hydration [78].

Oral fluoroquinolones are the cornerstone of outpatient 
empiric therapy for patients with acute uncomplicated pyelo-
nephritis. There has been ongoing concern for increasing 
resistance of uropathogens to currently available fluoroquino-
lones but clinical efficacy remains high when these antibiotics 
are used in accordance with susceptibility profiles [79].

For outpatient empiric treatment of pyelonephritis, the 
commonly suggested oral fluoroquinolones are ciprofloxacin 
and levofloxacin. For example, 500  mg of ciprofloxacin 
orally twice daily for 7 days or 1000 mg of extended release 
oral ciprofloxacin for 7 days are suggested regimens. 
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Alternatively, 750  mg of oral levofloxacin for 5–7 days is 
also acceptable.

Of note, fluoroquinolones are contraindicated in preg-
nancy. Therefore, when fluoroquinolones are used for treat-
ment or prophylaxis in women in the reproductive age group, 
an effective contraception should be advised. Other serious 
side effects of fluoroquinolones include prolonged QTc 
interval in patients with certain cardiac conditions and risk of 
tendon rupture.

Albeit, final selection of oral antibiotic is then based on 
susceptibility profiles of the infection causing organisms and 
side effect profiles of antimicrobial agents selected.

On the contrary, inpatient management is mandatory for 
patients with pyelonephritis who present with more severe 
illness demonstrating high fever, hemodynamic instability, 
and inability to take adequate oral hydration or medications 
due to marked nausea/vomiting, excessive pain, and preg-
nancy. Empiric intravenous antibiotic therapy should be ini-
tiated promptly which is then tailored as susceptibility data 
becomes available. Commonly suggested intravenous antibi-
otics include fluoroquinolones, aminoglycosides, extended-
spectrum cephalosporins, extended-spectrum penicillins, as 
well as carbapenems depending on the severity of the infec-
tion, other complicating factors, and prevalence of local 
resistance [5].

Moreover, when extended-spectrum beta-lactamase 
(ESBL) producing microbes are involved, intravenous car-
bapenems should be the choice for antibiotics [80].

Hospitalized patients receiving intravenous antibiotics 
should be monitored closely and should be switched to appro-
priate oral agents when significant clinical improvement is 
evident and patients are able to tolerate oral hydration as well 
as medications [81].

Most of the discussion on diagnosis and treatment so far 
has been devoted to urinary tract infections in women 
because asymptomatic bacteriuria and symptomatic urinary 
tract infections are much less common in men due to longer 
urethral length, relatively dry periurethral environment lead-
ing to lower frequency of colonization around the urethra 
and antibacterial properties of prostatic fluid [82].

Traditionally, all urinary tract infections in men between 
the age of 15 and 50 have been deemed complicated because 
most UTIs occur in infants and the elderly that have urologic 
anomalies, such as bladder outlet obstruction, or men with 
neurogenic bladders leading to altered urinary dynamics and 
microtrauma from intermittent catheterization, and urologic 
procedures. Nevertheless, clinical diagnosis and treatment of 
uncomplicated cystitis and pyelonephritis in men with nor-
mal urinary systems is comparable to diagnosis and treat-
ment in women for all practical purposes.

There are some special circumstances where screening 
for and treating asymptomatic bacteriuria in men between 
the ages of 15 and 50 may be justified as well. These special 

considerations include transurethral resection of the prostate 
or other urologic procedures that put the patient at risk of 
bactremia with instrumentation causing mucosal bleeding 
which can lead to sepsis and septic shock [2, 29].

Men with recurrent cystitis additionally warrant special 
consideration and evaluation for prostatitis with focus on 
physical examination and may require digital rectal exami-
nation for further management. In addition, the possibility of 
urethritis should be considered in young sexually active men 
presenting with UTI symptoms.

Imaging studies are also not routinely needed for diagnos-
ing uncomplicated acute cystitis and pyelonephritis in men 
but may be helpful in certain circumstances.

Finally, growing uropathogen resistance can present a 
considerable challenge when selecting antimicrobial agents. 
Microbial resistance patterns vary significantly depending 
on geographic location and this is mostly true for E. coli. For 
instance, multiple studies show that resistance rates are 
higher amongst medial centers in the USA when compared 
to Canadian medical centers [83]. Resistance rates as high as 
greater than 20 % have been reported in many regions for 
trimethoprim (with or without sulfamethoxazole). Resistance 
for fluoroquinolones has been reported close to 10 % in most 
parts of North America [84]. Furthermore, ciprofloxacin 
resistance rates have been reported to have increased from 3 
to 17 % between the years of 2000 and 2010 [79]. First and 
second generation oral cephalosporins are reported to have 
less than 10 % resistance. Nitrofurantoin is reported to have 
good in vitro activity in all regions generally [85]. Based on 
this reported data, the agents with least resistance may be 
used for empiric therapy in uncomplicated urinary infections 
caused by E. coli.

�Complications

Recurrent uncomplicated urinary tract infections are rela-
tively common in otherwise young, healthy woman even 
with normal anatomical and physiological urinary tracts. 
There have been no reported long-term complications includ-
ing renal disease, permanent urinary tract injury, or other 
sequela leading to long-term health problems from recurrent 
UTIs in absence of anatomic or functional abnormalities of 
the urinary tract.

Patients presenting with complicated (please refer to the 
definitions section above for definition of complicated UTI) 
urinary tract infections leading to pyelonephritis can have a 
number of dire complications that require a special attention. 
Acute complicated pyelonephritis for instance can lead to 
sepsis, multi-organ system failure, shock, and acute renal fail-
ure. Moreover, progression of acute complicated pyelone-
phritis can lead to such complications as renal corticomedullary 
abscess, perinephric abscess, emphysematous pyelonephritis, 
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or papillary necrosis. Some important risk factors for more 
advanced disease with progression to complicated pyelone-
phritis include urinary tract obstruction, urinary dysfunction, 
infection with multi-drug resistance uropathogens, and dia-
betes. Diabetes alone is a significant risk factor particularly 
for emphysematous pyelonephritis and papillary necrosis. 
Patients presenting with complicated acute pyelonephritis 
associated symptoms therefore should alert a clinician to 
diagnose and treat this potentially life threatening condition 
with a sense of urgency.

�Prevention

Recurrent UTIs in women could present a significant burden 
and increase the risk of developing antibiotic resistance.

A number of behavioral interventions have been sug-
gested that may be helpful in preventing recurrent UTIs in 
women. However, many of these behavioral interventions 
have not been sufficiently studied and tested clinically. 
Clinicians and patients arguably hold strong biases about the 
usefulness of these behavioral interventions and therefore it 
is important to consider them as tools of preventing UTIs 
that may help in limiting the use of antibiotics.

For instance, use of spermicides (especially coupled with 
diaphragms) in sexually active woman has been suggested to 
increase the risk of recurrent UTIs. These women should 
be counseled on the association between UTIs and use of 
spermicides during sexual intercourse. Avoiding the usage of 
spermicide consisting products is expected to reduce the risk 
of recurrent UTIs.

Another popular behavioral intervention often suggested 
is an early postcoital voiding and generous fluid intake to 
increase the frequency of micturition.

Furthermore, decreasing the frequency of sexual inter-
course or complete abstinence are also commonly suggested 
strategies for preventing recurrent UTIs but may not be very 
practical.

Cranberry juice has also been widely used by patients for 
prevention of recurrent UTIs. A few laboratory studies have 
suggested that cranberry juice may inhibit adherence of uri-
nary tract microbes to uroepithelial cells [85]. However, 
most clinical studies reported on clinical efficacy of cran-
berry juice have been suboptimal and limited (due to lack of 
power or other design limitations) [86]. Routine use of cran-
berry juice is not recommended clinically. Additionally, 
cranberry juice may also put patients at risk of unwanted 
gastrointestinal side effects such as gastroesophageal reflux 
as demonstrated by some studies [87].

Prophylactic antibiotics are a reasonable option in patients 
with recurrent UTIs who do not wish to undergo behavioral 
interventions such as changing their mode of contraception 
or other behavioral modifications. Antibiotic prophylaxis 

should be considered especially in patients who suffer two or 
more symptomatic recurrent UTIs within 6 months and/or 
three or more within 12 months period [88]. Antibiotic pro-
phylaxis in patients with these characteristics has been 
proven to be an effective way of preventing recurrent UTIs 
[89]. Nevertheless, due to the concern for increasing anti-
bacterial resistance, prophylactic antibiotics should be used 
conservatively. They should be reserved for patients exhibit-
ing discomfort and more serious UTIs.

�Conclusion/Summary

Urinary tract infection is defined as a combination of symp-
toms and positive urine culture containing at minimal 105 
colony forming units per milliliter of urine with isolation of 
less than two microorganisms in a patient without a bladder 
catheter.

On the other hand, catheter-associated urinary tract infec-
tion must contain at least 103 CFU/mL, with the urine sample 
obtained by an aseptic technique.

Asymptomatic bacteriuria is defined as isolation of a sig-
nificant count of bacteria in an appropriately collected urine 
specimen from a patient without any signs or symptoms of 
UTI.

Urinary tract infection is considered complicated when it 
is associated with other conditions that increase the risk of 
treatment failure. Such conditions include diabetes, preg-
nancy, symptoms lasting 1 week or longer prior to starting 
medical treatment, hospital-acquired infections, urinary tract 
obstruction, presence of hardware, recent instrumentation, 
functional or anatomical abnormality, history of childhood 
UTIs, and renal transplantation.

The prevalence of asymptomatic bacteriuria among healthy 
women tends to increase with age. Symptomatic UTIs are 
more prevalent in sexually active young women. Prevalence of 
UTIs is three-to-fourfold higher in diabetic women.

Asymptomatic bacteriuria is rare among young healthy 
men, and the incidence of symptomatic UTIs is much lower 
than that in women.

Pyelonephritis is a more serious infection than cystitis as 
it includes the upper urinary tract infection involving the 
kidney(s).

Some of the strong independent etiologic risk factors for 
UTIs include history of recurrent UTIs, receptive sexual inter-
course, and diaphragm-spermicide use. Other risk factors 
include, having first UTI before the age of 15, diabetes, ana-
tomical or functional urinary tract abnormalities, indwelling 
urinary catheters, and recent instrumentation.

Among uropathogens, E. coli is the most commonly impli-
cated uropathogen responsible for majority of UTIs. Severity 
of infections depends on variety of host factors, virulence, and 
antibiotic resistance properties of uropathogens.
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Patients with symptomatic cystitis could present with a 
variety of symptoms including dysuria, increased urinary fre-
quency, urgency, suprapubic pain/discomfort, and hematuria.

Patients with pyelonephritis on the contrary may or may 
not present with symptoms commonly associated with cysti-
tis but may exhibit fever, chills, flank pain, costovertebral 
angle tenderness, nausea, and/or vomiting.

Clinical history is immensely important in diagnosis of 
uncomplicated cystitis or pyelonephritis. Laboratory studies 
with urinalysis and urine culture also provide valuable infor-
mation in diagnosis and treatment of UTIs. Routine imaging 
studies are not indicated for diagnosing acute uncomplicated 
cystitis but may be required in certain complicated cases and 
pyelonephritis.

Treatment of UTI is based on the severity of the infection. 
Appropriate antibiotic regimen is selected based on whether 
it is cystitis or pyelonephritis.

Treatment of acute cystitis further depends on resistance 
profiles of uropathogens, efficacy of selected antimicrobial 
agent along with its side effect profile, drug availability, and 
cost. Treatment of pyelonephritis generally requires inpa-
tient therapy with intravenous antibiotics.

Growing antibiotic resistance among uropathogens pres-
ents a special challenge when selecting antimicrobial agents.

Behavioral interventions may be helpful in reducing the 
risk of recurrent UTIs but may not be very practical and 
more studies are needed to prove their clinical efficacy.

Prophylactic antibiotics may be a reasonable option in 
patients with recurrent UTIs that do not wish to undergo 
behavioral interventions but because of concern for increas-
ing antibacterial resistance, prophylactic antibiotics should 
be used conservatively.
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