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KEY POINTS

 • Urinary tract infections (UTIs) are commonly diagnosed 
maladies and account for a signifi cant number of 
healthcare visits and dollars.

 • Infections of the bladder include uncomplicated cystitis, 
complicated cystitis, pyocystis, and emphysematous 
cystitis.

 • Infections of the kidney include pyelonephritis, 
emphysematous pyelonephritis, xanthogranulomatous 
pyelonephritis, infected hydronephrosis, renal abscess and 
perinephric abscess.

 • Infections of the genitalia and reproductive organs include 
orchitis, epididymitis, prostatitis, and Fournier gangrene.

Nomenclature

Urinary tract infection (UTI) refers to bacterial in-
vasion of the urothelium causing an infl ammatory 
response. When the site of infection is known, it is 
more informative to name the site of infection; in 
other words, cystitis should be used for bladder in-
fection and pyelonephritis for kidney injection, rather 
than using the generic UTI. Bacteriuria, on the other 
hand, refers to the presence of bacteria in the urine, 
which may be either asymptomatic or associated with 

infection. Pyuria refers to the presence of white blood 
cells (WBCs) in the urine, which can occur in the set-
ting of either infection or other infl ammatory states 
(nephrolithiasis, malignancy, or foreign body).

Epidemiology

UTI is the most common bacterial infection, responsi-
ble for at least 7 million offi ce visits and 100,000 hos-
pitalizations per year. Most infections are diagnosed 

CASE STUDY

A previously healthy 27-year-old woman presents to the 
Emergency Department with fever to 39°C, tachycardia 
to 150 bpm, respirations of 25 breaths per minute, and 
a leukocytosis to 13,000 WBC. Urinalysis is signifi cant 
for large leukocyte esterase, positive nitrite, and bac-
teria are too numerous to count. CT of the abdomen 
and pelvis reveals a 6-mm left mid-ureteral stone with 
 ipsilateral hydronephrosis and perinephric fat stranding. 

The  patient is taken emergently to the operating room 
for left-sided ureteral stent placement. Upon cannulat-
ing the ureter, purulent urine drains from the ureteral 
orifi ce. Postoperatively, the patient has a profound sys-
temic infl ammatory response syndrome (SIRS), requir-
ing several days of mechanical ventilation, vasoactive 
 infusions, and broad-spectrum antibiotics. She eventu-
ally makes a full recovery.
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Interpreting the urinalysis

While urine culture is the gold standard for diagnos-
ing UTIs, it is a test that takes 1–2 days to provide 
results and potentially longer for antibacterial sensi-
tivity analysis. UA is more expeditious and can sup-
port the diagnosis made by history and physical. A 
UA often consists of two parts: a dipped UA and a 
microscopic UA. The dipped component tests for pH 
and the presence of leukocyte esterase (LE), nitrates, 
and blood. The microscopic component identifi es red 
and white blood cells, red and white blood cells casts, 
granular casts, bacteria, and yeast.
 • Pyuria: >5 WBC/hpf
 • Leukocyte esterase (LE): an enzyme released by 

white blood cells. Positive LE correlates with pyuria
 • Nitrite: Urine contains nitrates from protein ca-

tabolism. Gram-negative bacteria are able to reduce 
nitrate to nitrite creating a positive result. One nota-
ble exception is pseudomonas which although gram-
negative, is associated with negative nitrite on UA.

A UA suggestive of infection typically has posi-
tive LE, pyuria, microscopic hematuria, and bacteria. 
Nitrite is present with gram-negative infection. The 
presence of epithelial cells can indicate contamination 
with vaginal fl ora and should prompt repeat mid-
stream collected urine after adequate cleaning [1].

Bladder infections

Cystitis

Cystitis, or infection of the bladder, may be classifi ed as 
uncomplicated or complicated. Factors that make cysti-
tis complicated are infections in a male, the elderly, chil-
dren, diabetics, the immunosuppressed, in the presence 
of anatomic abnormality, during pregnancy, after recent 
instrumentation, in the presence of a urinary catheter, 
and after recent antimicrobials or hospitalization. The 
typical presentation of cystitis includes symptoms of 
dysuria, frequency, urgency, ±suprapubic pain, and ±he-
maturia. Notably, constitutional symptoms including 
fever and chills are usually absent. This history is crucial 
in making diagnosis since as many as 50–90% of pa-
tients presenting with these symptoms will have cystitis. 
The diagnosis is supported by urinalysis fi ndings of pyu-
ria, bacteriuria, and the presence of nitrite and LE [1].

Treatment of uncomplicated UTI is dependent on 
availability, allergy, and local resistance patterns. The 

based on clinical symptoms and a suggestive urinaly-
sis (UA). This algorithm, however, misses 20% of pa-
tients who will have positive urine cultures and causes 
unnecessary treatment of 50% of patients who will 
not go on to have a positive urine culture. The bac-
teria that most often cause UTIs are enteric in origin, 
with Escherichia coli being the most common [1].

Pathogenesis and basic science

Infection of the urinary tract occurs as a complex 
 interaction of both bacterial virulence factors and 
 impaired host defense. Routes of entry into the 
genitourinary (GU) tract are (in order of frequency) 
ascending infection via the urethra, direct hematog-
enous spread, and lymphatic spread.

Bacterial virulence factors increase the infectivity of 
a bacterial inoculum. The ability of bacteria to adhere 
to vaginal and urothelial epithelial cells is necessary 
for an infection to develop. Type 1 pili are expressed 
by E. coli and adhere to uroplakins on umbrella cells 
of the bladder epithelium. Studies have shown that 
inoculation of the urinary tract with type 1 piliated 
organisms results in increased colonization with those 
organisms. P pili are bacterial adhesins that bind 
glycolipid receptors in the kidney. The P stands for 
pyelonephritis, designated because of the high per-
centage of pyelonephrogenic E. coli that express these 
pili. Bacteria may downregulate the expression of pili 
once infection is established since pili increase phago-
cytosis of the organisms. The ability of bacteria to 
regulate the expression of their pili is known as phase 
variation.

Host defense factors decrease the likelihood of in-
fection. Colonization of the vaginal introitus, urethra, 
and periurethral skin by non-uropathogenic bacteria 
provide a mechanical barrier to colonization. Normal 
voiding also washes away colonizing uropathogenic 
bacteria. There is genetic variation in the receptivity 
of epithelial cells to bacterial adhesion. There may 
be an association between adherence and a protec-
tive effect of the HLA-A3 allele. Complicating factors 
that increase infection risk are due to obstruction, 
anatomic abnormality, and epithelial cell receptivity. 
 Obstruction or urinary stasis can increase host suscep-
tibility to UTIs. Calculus disease, vesicoureteral refl ux, 
benign prostatic hypertrophy, and neurogenic bladder 
all increase the susceptibility of the host to UTIs [1].
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Pyocystis

Pyocystis is a condition in which purulent material 
is retained in the bladder. Typically, the bladder is 
defunctionalized as a result of urinary diversion or 
hemodialysis. Presenting symptoms include purulent 
discharge, fever, or suprapubic pain. Treatment begins 
with placing a catheter to drain the purulent mate-
rial and antibiotics. Oral antibiotics may be used in 
nonseptic patients, while intravenous (IV) antibiotics 
should be chosen in ill patients. Additionally, intra-
vesical instillation of an antibiotic or antiseptic may 
be considered as well as periodic self-catheterization 
and saline irrigation. Refractory cases warrant more 
aggressive management—including cystectomy, blad-
der sclerosis, or surgically created fi stula (vaginal or 
perineal vesicostomy) [1].

Emphysematous cystitis

Emphysematous cystitis is a rare type of cystitis in 
which gas is found within the wall of the urinary 
bladder. It is caused by infection with gas-forming 
bacteria and most often presents in diabetics and 
 elderly patients. Symptoms are essentially the same as 
in typical cystitis, and treatment consists of culture-
specifi c antibiotics. This condition must be distin-
guished from air within the lumen of bladder, which 
is much more common, and often caused by urinary 
tract instrumentation, indwelling Foley catheter, or by 
colovesical or enterovesical fi stula [1].

Kidney

Acute pyelonephritis

Diagnosis and workup
Acute pyelonephritis is a renal parenchymal infec-
tion that is usually caused by ascending infection 
from the bladder. Escherichia coli is the most com-
mon organism. The classic presentation is acute  onset 
of fever, chills, and fl ank pain; however, presenta-
tion is variable and there is no sine qua non to make 
the diagnosis. Abdominal pain, nausea or vomiting 
often accompanies the condition. Physical examina-
tion often reveals costovertebral angle tenderness. 
Laboratory tests often reveal an elevated serum WBC 
count, while UA fi ndings are similar to those found in 
acute cystitis. Figure 1.1 shows classic radiographic 

Infectious Diseases Society of America (IDSA) guide-
lines recommend the following agents as fi rst line: 
Nitrofurantoin macrocrystals 100 mg bid × 5 days, 
trimethoprim–sulfamethoxazole 160/800 mg bid × 
3 days, or fosfomycin 3 g single dose. Second-line 
agents include fl uoroquinolones or beta-lactams. 
Knowledge of institutional and community antibio-
grams should infl uence prescriber patterns [2].

Cystitis is considered complicated when it occurs 
in a compromised urinary tract. Treatment regimens 
are generally the same as for complicated UTI, but the 
duration is 7–14 days. Nitrofurantoin should not be 
used in complicated UTI as it has poor tissue penetra-
tion. Additionally, modifi able factors such as removal 
of foreign bodies including stones and indwelling uri-
nary catheters should be considered if clinically indi-
cated. Indwelling catheters in place for over 2 weeks 
associated with UTI should be changed [3, 4].

Asymptomatic bacteriuria

Asymptomatic bacteriuria is defi ned as bacteria in the 
urine in the absence of clinical signs of infection. It 
is more common in women than men, but increases 
in prevalence in both sexes with age. Patients with 
indwelling catheters, bladder reconstruction using 
bowel, and patients with neurogenic bladders almost 
always have bacteriuria. Asymptomatic bacteriuria 
should not be screened for nor treated with a few 
important exceptions. Pregnant women and patients 
undergoing urologic procedures should be screened 
and treated [5].

Recurrent UTI

Unresolved UTI refers to an infection that has not 
responded to antimicrobial therapy. This commonly 
occurs because of resistant bacteria or can occur in 
the case of other unrealized complicating factors (see 
section Cystitis).

Recurrent UTI is an infection that occurs after reso-
lution of a previous infection. These infections may 
represent either reinfection or bacterial persistence. 
Reinfection designates a new event in which the same 
or different organism enters the urinary tract, or bac-
terial persistence. Persistence, on the other hand, is 
when the same bacteria reappear from a nidus such as 
infected stone or hardware. Reinfection is responsible 
for 80% of recurrent UTIs [1].
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(e.g., levofl oxacin or ciprofl oxacin), or ampicillin 
plus gentamicin. Early radiologic investigation is 
 warranted in these patients as well [1, 2].

Chronic pyelonephritis

Chronic pyelonephritis is an often asymptomatic con-
dition caused by multiple bouts of acute pyelonephri-
tis. It can result in renal insuffi ciency. The diagnosis 
is made with imaging, which demonstrates atrophic, 
scarred, and pitted kidneys. Management is to treat 
active infection and prevent future infections. The 
condition is rare in patients without underlying uri-
nary tract disease but may occur in vesicoureteral re-
fl ux and other abnormalities [1].

Emphysematous pyelonephritis

Emphysematous pyelonephritis is an acute, necrotizing 
infection of the renal parenchyma resulting from infec-
tion with gas-producing organisms. It is more common 
in diabetic patients and in the presence of obstruction. 
Diagnosis is made by cross-sectional imaging, demon-
strating air in the renal parenchyma. Treatment consists 
of IV antibiotics, relief of any obstruction, supportive 
care, and often nephrectomy. Despite  aggressive treat-
ment, the mortality rate is over 50% [1].

Renal abscess

Renal abscess (or renal carbuncle) is a collection of 
purulent material within and confi ned to the paren-
chyma. Gram-negative organisms from ascending 
infection are the most common causative organisms. 
 Hematogenous spread can also occur and gram- positive 
organisms are often isolated in this mechanism. Risk 
factors include diabetes mellitus and recurrent UTIs. 
Presentation begins identical to  pyelonephritis, but 
it does not respond to typical  antimicrobial therapy. 
Failure to respond after 72 hours of therapy warrants 
imaging to rule out an abscess [1].

Treatment is directed by abscess size. Lesions of any 
size require parenteral antibiotics. Abscesses less than 
3 cm may be observed in the patients that are not im-
munocompromised or severely ill. Abscesses, 3–5 cm, 
along with small abscesses that fail conservative ther-
apy necessitate percutaneous drainage. Abscess great-
er than 5 cm and others failing percutaneous drainage 
may require surgical drainage [6].

signs of acute pyelonephritis, including enlarged kid-
ney, wedge-shaped areas of low attenuation giving a 
“moth-bitten appearance,” and asymmetrical nephro-
gram [1].

Treatment
Treatment is dependent upon the severity of illness 
and comorbidities. Patients who are nonseptic and 
can tolerate oral antibiotics may be treated empiri-
cally with a fl uoroquinolone as an outpatient after 
urine culture is obtained. Most patients will improve 
within 72 hours of antimicrobial initiation. Failure to 
improve warrants more aggressive therapy with hos-
pitalization and broad spectrum antibiotics initiated 
if culture data are not available. Additionally, radio-
logic investigation is indicated to rule out obstruction 
or development of an abscess. Abscesses may require 
drainage, and obstruction should be relieved with a 
ureteral stent or percutaneous nephrostomy tube.

In septic patients, blood and urine cultures should 
be obtained and intravenous antibiotics should be 
initiated. Common regimens include third-generation 
cephalosporins (e.g., ceftriaxone),  fl uoroquinolones 

Figure 1.1 CT of pyelonephritis. Contrast CT of the 
abdomen and pelvis demonstrating enlarged right kidney 
with wedge-shaped areas of low attenuation, giving a 
“moth-bitten appearance” consistent with pyelonephritis. 
Right ureteral stent in place.
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Enterobacteriaceae and Enterococci are the two most 
common pathogens. The NIH classifi es prostatitis 
into four categories.

Category I: Acute bacterial prostatitis
Patients with acute bacterial prostatitis present with 
lower urinary tract symptoms, including dysuria, 
 frequency and urgency, and often obstruction. It typi-
cally is associated with a profound systemic infl am-
matory response, including fever, chills, and malaise. 
Systemic symptoms include fever, chills, or perineal 
pain. Digital rectal examination demonstrates a 
 swollen, exquisitely tender prostate.

Treatment should be tailored to cultures. Fluoro-
quinolones may be empirically started with duration 
of 4–6 weeks. Bladder obstruction has classically been 
treated with a suprapubic cystostomy tube, since in-
dwelling Foley catheters are through to cause further 
obstruction of urethral ducts. However, straight cath-
eterization to relive the initial obstruction is an ap-
propriate fi rst step [8].

Category II: Chronic bacterial prostatitis
The hallmark of chronic bacterial prostatitis is a his-
tory of recurrent UTIs. The traditional classifi cation 
of chronic prostatitis relied on the Meares–Stamey 
four-glass test. This technique consists of collecting 
four samples of urine to distinguish urethral, bladder, 
and prostate infection. The voided bladder 1 (VB1) 
specimen is the fi rst 10 mL of urine, representing the 
ureteral specimen. Voided bladder 2 (VB2) is a mid-
stream specimen, representing the bladder specimen. 
Next, the prostate is massage, and the expressed pro-
static secretions (EPSs) are collected. Finally, voided 
bladder 3 (VB3) is the fi rst 10 mL of urine after mas-
sage. Each specimen is analyzed for leukocytes and 
microbes, as well as sent for culture. Alternatively, a 
two-cup test has been proposed that consists of col-
lecting urine before and after massage. Chronic bac-
terial prostatitis will have both WBCs and positive 
 cultures in both the EPS and VB3 specimens [8].

Category III: Chronic pelvic pain syndrome
Patients with chronic pelvic pain syndrome (CPPS) 
present with pain lasting greater than 3 months. 
The pain is most often in the perineum. Men often 
complain of pain associated with ejaculation. This 
 category is subdivided into infl ammatory (IIIa) and 
noninfl ammatory (IIIB) CPPS. This is distinguished by 

Perinephric abscess

Perinephric abscess is a collection of purulence out-
side the kidney parenchyma but inside Gerota’s fascia. 
Gram-negative organisms are usually causative, with 
E. coli being the most common. Clinical presentation, 
diagnosis, and treatment are similar to parenchymal 
infection. Up to 50% of blood cultures will be positive.

Treatment of perinephric abscess almost always 
requires drainage. Percutaneous drainage should be 
considered fi rst line for smaller lesions. Larger abscess 
or those associated with a nonfunctioning kidney may 
require nephrectomy [1].

Infected hydronephrosis

Infected hydronephrosis is an infection in an 
 obstructed, hydronephrotic kidney. It is a urologic 
emergency. Patients are typically very ill, often in uro-
sepsis, with fl ank pain. It can lead to pyonephrosis or 
suppurative damage to renal parenchyma.  Treatment 
consists of broad spectrum antibiotics and emergent 
drainage with either retrograde ureteral stent or 
percutaneous nephrostomy tube. In decompensating 
patients, percutaneous nephrostomy is preferred given 
that it may be performed under less sedation, and to 
avoid high pressure from irrigation on the collecting 
system. Drainage should be followed by 10–14 day 
course of culture-specifi c antibiotics [1, 7].

Xanthogranulomatous pyelonephritis

Xanthogranulomatous pyelonephritis (XGP) is a 
chronic, destructive renal infection. It is often asso-
ciated with unilateral obstructing calculi. The end 
result is an enlarged, nonfunctioning kidney. The 
 differential diagnosis includes renal cell carcinoma; 
consequently, this entity must be ruled out. The 
pathognomonic feature at the cellular level is the 
presence of lipid-laden macrophages. Treatment of-
ten requires nephrectomy [1].

Prostate

Prostatitis

The most common urologic diagnosis in men 
younger than 50 years is prostatitis and is most 
prevalent in men between aged 20 and 49 years. 
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Clinical presentation reveals tender epididymis 
and testis. The spermatic cord is often tender as well. 
Radiographic presentation with ultrasound demon-
strates increased vascularity in the epididymis, testis, 
or both. Ultrasound should be obtained when the 
 diagnosis is unclear to rule out torsion, which has 
 decreased or no fl ow, as well as malignancy. Untreat-
ed epididymitis sometimes progresses to a paratesticu-
lar abscess or pyocele. Figure 1.2 demonstrates the 
appearance of pyocele on ultrasound. This requires 
open incision and drainage [8].

Treatment
Treatment of isolated orchitis is mainly supportive—
scrotal support, bed rest, antipyretics. Antimicrobials 
may be used when a bacterial origin is presumed with 
fl uoroquinolones being the agent of choice. There is 
no antiviral regimen for mumps orchitis. Treatment of 
epididymitis is dependent on age. The Center for Disease 
Control and Preventions guidelines recommend ceftriax-

the four-glass test that demonstrates WBCs in the EPS 
and VB3 in category IIIA, and no WBC in IIIB. Cul-
tures are negative for both. More information about 
chronic pelvic pain can be found in Chapter 15 [8].

Category IV: Asymptomatic infl ammatory prostatitis
This classifi cation is reserved for asymptomatic 
 patients who are found to have infl ammation inci-
dentally during prostate biopsy or fertility workup. 
Treatment is not warranted unless treating an elevat-
ed prostate-specifi c antigen (PSA) with a trial of anti-
microbials [8].

Prostate abscess

Prostate abscesses typically evolve from cases of acute 
bacterial prostatitis. An abscess should be suspected 
when a patient with acute prostatitis fails to respond 
to antimicrobial therapy. The diagnosis is confi rmed 
with transrectal ultrasound or computed tomography 
(CT). Treatment involves drainage of the abscess by 
one of several methods. Classically, transurethral inci-
sion has been used for most prostatic abscess, though 
transperineal incision and drainage may be required 
for abscesses that extend beyond the prostatic cap-
sule. Percutaneous drainage may also be employed to 
drain a prostatic abscess and may offer a less morbid 
approach [8].

Testis and epididymis

Orchitis often presents with associated epididymitis, 
or epididymo-orchitis. The presence of orchitis alone 
suggests viral infection, such as mumps orchitis. More 
commonly, the combined epididymo-orchitis usually 
occurs via retrograde spread of bacteria through the 
ejaculatory ducts and vas deferens into the epididymis. 
The original source is often the bladder, urethra, or 
prostate. In prepubescent patients, a chemical etiol-
ogy is more common than an infectious etiology and 
is related to the refl ux of urine up the genital tract 
in dysfunctional voiders. In adults younger than 
35 years, the most common cause of epididymitis is 
sexually transmitted infection, most common Neisse-
ria gonorrhoeae and Chlamydia trachomatis. In men 
older than 35 years, the source is often coliform bac-
teria that have colonized the bladder or prostate, with 
E. coli being the most common.

Figure 1.2 Ultrasound of pyocele. Scrotal ultrasound 
demonstrating heterogenous collection adjacent to testis 
found to be pus upon scrotal exploration.
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life-threatening infection that is usually polymicro-
bial, consisting of gram-positive, gram-negative, and 
anaerobic bacteria. Because of the high morbidity 
and mortality (16–40%) associated with the infec-
tion, it must be ruled out in every case of soft tissue 
infection of the genitalia. Diabetes mellitus, periph-
eral vascular disease, alcoholism, and malnutrition 
are risk factors. Examination may demonstrate cel-
lulitis, blisters, or frankly necrotic areas. Pain out of 
proportions to visible infection may indicate more 
extensive underlying infection. Treatment includes 
broad-spectrum parenteral antibiotics and extensive 
surgical debridement [1, 9].

Antimicrobial therapy

The goal of antimicrobial therapy is to eliminate mi-
crobial growth in the urinary tract. Table 1.1 lists the 
most common antibiotics used to treat infections of 
the urinary tract, along with the mechanism of action, 
spectrum, and common adverse reactions of each 
drug. Institutional antibiograms and regional resist-
ance patterns should guide antimicrobial therapy [1].

one and doxycycline for men younger than 35 years and 
levofl oxacin or ofl oxacin for men older than 35 years. 
The antibiotic course is typically 10 days but may be 
longer if concomitant prostatitis is suspected [8].

Special infections

Genitourinary tuberculosis

While tuberculosis (TB) is most commonly a pulmonary 
process, 10% of cases occur in extrapulmonary sites. 
Of these, 30–40% of extrapulmonary TB occurs in the 
GU tract. Seeding of the GU tract occurs via hematog-
enous spread from the alveoli to hilar lymph nodes to 
the blood stream. The primary landing site is the  kidney 
due to its high vascularity. Downstream infection of the 
bladder and urethra can occur. The epididymis may 
also be seeded due to hematogenous spread [9].

Fournier gangrene

Fournier Gangrene is necrotizing fasciitis of the 
perineum. It is a rapidly progressive, potentially 

Table 1.1 Common antimicrobials

Antimicrobials Mechanism of Action Spectrum Adverse reactions/Cautions

Beta-lactams Inhibition of bacterial cell 
wall synthesis

Streptococcus, 
Staphylococcus 
saprophyticus, 
Enterococcus, Escherichia 
coli, Proteus

• PCN allergy cross-reactivity
•  High prevalence of E. coli resistance in 

some regions
• Disruption of normal vaginal fl ora
•  Frequent gasterointestinal intolerance 

and diarrhea
• Acute interstitial nephritis

Cephalosporins Inhibition of bacterial cell 
wall synthesis

Spectrum by generation:
1st: Streptococcus, 

methicillin-sensitive 
Staphylococcus aureus, 
some gram-negative rods

2nd: Strep, some gram-
negative rods, some 
anaerobes.

3rd: Strep, most gram-
negative rods, moderate 
Pseudomonas

4th: Most gram-negative 
rods, and good 
pseudomonal coverage

• 10% cross-reactivity with PCN allergy
•  Synergistic toxicity with 

aminoglycosides

(continued)
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WHAT TO AVOID

• Avoid initiating antimicrobial therapy before obtain-
ing cultures, except in cases where treatment delay 
could lead to patient harm.

• Avoid prescribing antimicrobials without considering 
renal or hepatic dose adjustments, drug interactions, 
and/or potential drug toxicities.

• Avoid the overuse and misuse of antimicrobials which 
can lead to bacterial resistance.

Table 1.1 (Continued)

Antimicrobials Mechanism of Action Spectrum Adverse reactions/Cautions

Trimethoprim/
sulfamethoxazole 
(TMP/SMX)

Inhibition of bacterial folic 
acid metabolism required 
for DNA synthesis.

Streptococcus, 
Staphylococcus, gram-
negative rods (not 
Pseudomonas), and 
atypical Mycobacteria

•  Interacts with Coumadin to prolong 
INR

•  May be associated with hematological 
abnormalities (especially in G6PD and 
AIDS), nephrotoxicity, hepatotoxicity, 
and Stevens–Johnson syndrome

• Avoid in pregnancy

Nitrofurantoin Inhibits multiple bacterial 
enzymes. Sterilizes urine 
without affecting GI or 
vaginal fl ora

•  E. Coli and 
S. saprophyticus

•  Achieves high urinary 
levels but poor 
tissue penetration—
contraindicated in 
pyelonephritis.

• Neurotoxicity
•  Pulmonary fi brosis, interstitial 

pneumonitis
•  Hematologic abnormalities and 

frequent GI intolerance
•  Requires longer treatment course 

(7 days instead of 3)
• Avoid in G6PD, renal failure

Aminoglycosides Inhibition of protein 
synthesis

Gram-negative rods 
including 
Pseudomonas

• Ototoxicity (usually irreversible)
•  Nephrotoxicity (usually reversible, 

nonoliguric ARF after 5–10 days)
• Avoid in pregnancy
• Neuromuscular blockade (rare)
•  Once-daily dosing has less 

nephrotoxicity but similar ototoxicity

Fluoroquinolones Inhibition of DNA gyrase Gram-positives, most gram-
negative rods including 
Pseudomonas, 
N. gonorrhoeae

• Avoid during pregnancy and in children
•  May cause false-positive urine opiate test
• Peripheral neuropathy (rare)
• Tendonitis/tendon rupture

Vancomycin Inhibition of bacterial 
cell wall

Gram-positives, including 
MRSA

• Nephrotoxicity & ototoxicity
•  “Red-man syndrome”: caused by 

histamine release caused by rapid 
infusion.
Causes erythematous rash of the face, 
neck, or torso with pruritus. Severe 
cases cause hypotension

Clindamycin Inhibition of protein 
synthesis

Gram-positives (including 
MRSA) and anaerobes

•  Association with Clostridium diffi cile 
colitis

KEY WEB LINKS

Johns Hopkins Antibiotic Guide
http://www.hopkinsguides.com/hopkins/ub/index/
Johns_Hopkins_ABX_Guide/All_Topics/A

Infectious Disease Society of America Practice 
Guidelines
http://www.idsociety.org/IDSA_Practice_Guidelines/

American Urological Association Clinical Guidelines
http://www.auanet.org/content/clinical-practice-guidelines
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Answers to multiple choice questions

1 Nitrofurantoin is not appropriate for the treatment 
of pyelonephritis. The drug does not reach adequate 
tissue levels to irradiate parenchymal infection.
2 Fluoroquinolones inhibit the enzyme DNA gyrase, 
blocking the unzipping of double stranded DNA 
 required for DNA replication.

Multiple choice questions

1 Which of the following antimicrobials is not ap-
propriate in the treatment of pyelonephritis?

a Ciprofl oxacin
b Nitrofurantoin
c Ceftriaxone
d Trimethoprim/Sulfamethoxazole

2 Which of the following is the mechanism of action 
of levofl oxacin?

a Inhibition of cell wall synthesis
b Inhibition of DNA gyrase
c Inhibition of protein synthesis
d Inhibition of folic acid synthesis
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