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o How do UTI patients present? 
o The term urinary tract infection (UTI) encompasses a variety of clinical 

entities that will be covered in this sheet, including: 
a) Asymptomatic bacteriuria (ASB) 
b) Cystitis 
c) Pyelonephritis. 
d) Prostatitis 

 

        Cystitis and pyelonephritis 

 Cystitis is an inflammation of the bladder. The most common cause of cystitis is a 
urinary tract infection (UTI). It occurs when bacteria enter the bladder and begin 
to multiply.  

 Non-infectious causes of cystitis do exist. For example, certain medicines can also 
cause inflammation. 

o typical symptoms of cystitis: 

1. Dysuria: Pain or discomfort when urinating. Often described as a burning 
sensation. 

2. Urinary frequency: The need to urinate many times during the day, at night 

(nocturia), or both but in normal or less-than-normal volumes. 

3. Urinary urgency: Urgent need to void.  

4. Hesitancy: Urinary hesitation is when a person has trouble starting or 
maintaining a urine stream. 

5. Suprapubic discomfort: Pain in the lower abdomen near the hips. 

6. Gross hematuria: When a person can see the blood in her or his urine as 

the bladder starts to exfoliate. Microscopic hematuria is when a person 
cannot see the blood in his or her urine. 

7. Pyuria: A condition in which urine contains white blood cells or pus (usually 
not seen grossly). 

o Pyelonephritis: 

  Inflammation of the kidney, typically due to a bacterial infection. The most 
common route by which the kidneys get infected is the ascending route from 

a previous UTI (bladder → ureter → kidneys). 

 In very few cases the causative agent reaches the kidneys through the 
hematogenous route.  

 Since pyelonephritis is commonly preceded by an episode of cystitis, 
symptoms usually overlap between the two conditions. Fortunately, 
pyelonephritis has some distinguishing features that are not commonly seen 
in cystitis. These symptoms include: 

1. Fever.  
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2. Pyelonephritis is a common cause of flank pain.  
Murphy’s percussion test (also known as 
costovertebral angle tenderness) is a maneuver 
performed routinely during physical abdominal 
examination.  Costovertebral angle (CVA) 
tenderness is pain that results from touching the 
region inside the CVA, tenderness often indicates 
kidney pathology and is often present in 
pyelonephritis. 

3. Mild pyelonephritis can present as low-grade fever with or without lower-
back or costovertebral-angle pain. 

4. Severe pyelonephritis can manifest as high fever, rigors, nausea, vomiting, 
flank and/or loin pain. Constitutional symptoms, such as fever, are mild or 
absent in cystitis, but commonly found in pyelonephritis. 

 

 

o Clinical Features and 
Virulence Mechanisms in 
Cystitis and Pyelonephritis: 

o Risk factors for 
developing cystitis 
include female sex and 
a history of previous 
UTIs.  

o Sexual activity and 
vaginal infection 
introduce bacteria to 
the bladder through 
the nearby urethra. 

o The vaginal microbiota 
plays a key role in 
protecting the urinary 
tract from infecting bacteria. Loss of the normally protective flora increases the risk 
of UTI. 

o UTIs are more prevalent in daughters and female relatives of women with recurrent 
UTIs which suggests the possibility of a familial genetic predisposition. 

o Elements of immunosuppression predispose to pyelonephritis.  
o Congenital or acquired urodynamic abnormalities that disrupt the normal route of 

urine flow can cause pyelonephritis. Ureteral reflux is when the flow of urine goes 
the wrong way. Instead of travelling down from the kidneys into the bladder, urine  
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goes back up to the ureter and reaches the kidneys because the vesicoureteral 
orifice is incompetent. This causes infection and damage to the kidneys. 

o Although hematogenous spread is less common than an ascending infection, 
pyelonephritis can result from seeding of bacteria from blood into the kidneys in 
conditions of sepsis (causative agents include staphylococcus aureus which is a 
common cause of septicemia).  
 

❖ Diagnosis:  
o The diagnosis of any of the UTI syndromes or ASB begins with a detailed 

history. E.g., in women presenting with at least one symptom of UTI (dysuria, 
frequency, hematuria, or back pain) and without complicating factors, the 
probability of acute cystitis or pyelonephritis is 50%. 

o If vaginal discharge and complicating factors are absent (in which STDs and 
other more serious conditions can be ruled out), and risk factors for UTI are 
present, then the probability of UTI is close to 90%, and no laboratory 
evaluation is needed before initiation of therapy.  

o Women with previous experience of recurring UTIs usually self-diagnose the 
condition. 

o Cultures are required to specify the causative agent and to determine the 
“sensitivity” of bacteria to antibiotics. 

o One significant concern is that sexually transmitted diseases—that are 
caused by Chlamydia trachomatis in particular— mimic UTIs and thus may be 
inappropriately treated as a UTI because of misdiagnosing. 

❖ dipstick and urinalysis: 
o The dipstick test is used to detect evidence of 

urinary tract infection. A plastic stick with 
strips is placed in the urine to detect 
abnormalities. The chemical strips change 
color if certain substances are present or if 
their levels are above normal.  

o Nitrates in the urine are converted to nitrites only in the presence of 
members of the family Enterobacteriaceae like E. coli 

o The leukocyte esterase test detects this enzyme in the host’s 
polymorphonuclear leukocytes in the urine. A positive leukocyte esterase test 
correlates with pyuria.  

o One limitation of the dipstick test is its low sensitivity to detect certain levels 
of nitrite and leukocyte esterase when urine is diluted by frequent urination, 
and thus false negatives are common. 

o A positive test strongly suggests infection but a negative test does not 
exclude it. 
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o A negative dipstick test is not sufficiently sensitive to rule out bacteriuria in 

pregnant women, in whom it is important to detect all episodes of bacteriuria. 

❖ Urine culture: 
o Urine culture is the gold standard for detection of urinary tract infection. The 

most common method for collecting urine is the midstream clean-catch 
method. The patient is asked to wash his/her external genitalia before 
urinating. Urine is collected in a cup as the patient urinates. 

o Mid-stream urine means that the patient does not collect the first or last part 
of urine that comes out. This method minimizes the risk of urine 
contamination by normal flora that usually colonize the distal urethra, vagina, 
or skin. 

o After 24 hours of incubation, positive cultures frequently yield a single type 
of colony. If multiple different colonies are grown, contamination should be 
suspected.  

❖ Suprapubic aspiration: 

 In rare cases, urine samples are taken directly from the bladder with a needle. 
This procedure is used if previous attempts to collect uncontaminated urine 
samples have failed. 
o Although culture results become available 24 h after the patient’s 

presentation, identifying specific organism(s) can require an additional 24 h. 
o Studies on women with symptoms of cystitis have found that a colony count 

threshold of > 10^2 bacteria/mL is more sensitive (95%), and specific (85%) 
than a threshold of 10^ 5/mL for the diagnosis of acute cystitis in women 
(lower threshold). 

o Lab technicians estimate the number of colonies instead of counting them 
one by one.  

o Urine cultures should be obtained before the initiation of empiric therapy to 
optimize the definitive antibiotic once the susceptibility results are available. 

o Koch’s postulates: Criteria designed to establish a causative relationship 
between a microbe and a disease. Koch postulated that the microbe must be 
found in all organisms suffering from the disease, but should not be found in 
a healthy organism. The microorganism must be isolated from a diseased 
organism and grown in a culture and the cultured organism should cause the 
disease when introduced into a healthy organism. Finally, the microorganism 
must be reisolated and identified as being identical to the original causative 
agent to prove a causal relationship. 

❖ UTI treatment: 

 Antimicrobial therapy is warranted (necessary) for any symptomatic UTI. 
o The choice of antimicrobial agent and the onset and duration of therapy 

depend on the site of infection and the presence or absence of complicating 
conditions. 
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o Complicated UTI is an infection associated with factors increasing 
colonization and decreasing drug efficacy like catheterization, obstruction 
and immunosuppression. The vast majority of cases of urinary tract infection 
are uncomplicated. It is assumed that UTI is complicated when there are risk 
factors for a severe clinical course or for secondary harms. 

o Initiation of empiric therapy is urgently needed because complete culture 
results -including drug susceptibility- are almost never available in less than 
two days. The choice of empirical antibiotic is challenged nowadays because 
antimicrobial resistance in different regions ruined many antibiotic 
treatments proposed in guidelines for several years, and thus antimicrobial 
treatment guidelines are becoming more and more tailor-made taking into 
account the antimicrobial resistance situation in the region. That’s why 
microbiologists prescribe empirical antibiotics based on their experience of 
antimicrobial resistance in their countries.  

 
 

 

 

o Nitrofurantoin is recommended for the treatment of cystitis because it is highly active 
against E. coli and achieves high urinary concentration. 

o Trimethoprim/ sulfamethoxazole (interferes with bacterial folate synthesis and thus 
interferes with DNA synthesis) is also highly effective for the treatment of uncomplicated 
cystitis. 

o Fluoroquinolones (DNA synthesis inhibitors, e.g., levofloxacin or ciprofloxacin) are also 
recommended for the treatment of UTIs. 

o Beta-lactams are less effective in the treatment of UTIs since gram -ve bacteria including 
Enterobacteriaceae family are usually resistant to these agents. 
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o A research study about UTIs trends in Jordan 
suggested that E. coli is responsible for the 
majority of cases. Staph aureus -which is an 
uncommon cause of UTIs in other regions- is 
also responsible for some cases in Jordan.  

o For the treatment of urinary tract infection, 
the antibiotic Ciprofloxacin (5 μg disk-1) was 
found to be the most effective antimicrobial 
agent against all isolated bacteria strains, 
while Oxacillin (1 μg disk-1) was found to be 
the least effective. 

 

❖ Complications of pyelonephritis: 
 

o A single episode of acute pyelonephritis in an adult woman can lead to renal scarring. 

o Pyelonephritis becomes potentially fatal when secondary conditions 
develop such as emphysematous pyelonephritis (20– 80% mortality rate), 
perinephric abscess (20– 50% mortality rate), or sepsis. 

o Emphysematous pyelonephritis: A severe, necrotizing, acute, 
multifocal bacterial nephritis, with extension of the infection through the 
renal capsule. Gas is found in the renal substance and perinephric space. It 
often happens in diabetics and immunosuppressed patients. 

o Diagnosis is confirmed by CT scan.  
o This condition is treated with antibiotics. If the patient does not respond to 

antimicrobial therapy, the presence of abscess should be suspected and 
drainage is also required. 

o If the kidney is severely damaged, nephrectomy becomes the only available treatment of choice.  
o Mortality is high (around 60%) 
o Chronic pyelonephritis results from recurrent episodes of acute 

pyelonephritis. Typically requires predisposition to infection such as 
vesicoureteral reflux VUR or chronically obstructing kidney stones. 

o Xanthogranulomatous pyelonephritis: A rare, serious, debilitating illness characterized by a 
chronic inflammatory mass originating in the renal parenchyma.  

o Gross appearance: Mass of yellow tissue composed of lipid-laden macrophages and inflammatory 
cells, regional necrosis, and hemorrhage. Often associated with infection by 
Proteus, E. coli, or Pseudomonas spp. in the context of chronic obstruction.  

o Usually secondary to staghorn caliculi (renal calculi that resemble the horns of a 
stag). 

o Proteus urease enzyme produces ammonia which elevates urine pH → calcium 

and magnesium ions precipitate → urinary stones form. 
o A large staghorn calculus (arrow) is seen obstructing the renal pelvis and calyceal 

system. The lower pole of the kidney shows areas of hemorrhage and necrosis 
with collapse of cortical areas. 
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     Prostatitis:  

 Acute bacterial prostatitis presents as dysuria, frequency, and 
pain in the prostatic, pelvic, or perineal area (not common in 
cystitis). Fever and chills are usually present, and symptoms of 
bladder outlet obstruction are common. 
o Although fevers and chills are also seen in pyelonephritis, 

the two condition can be easily distinguished because flank-
pain is absent and Murphy’s percussion test is negative in 
patients suffering from prostatitis. 

o An inflamed prostate obstructs urine flow from the bladder 
and out the urethra.  

o Up to 50% of men will experience symptoms of prostatitis at some time in their lives.  
o Prostatitis includes both infectious and non-infectious abnormalities of the prostate gland. 
o Chronic/recurrent bacterial prostatitis occurs in young and middle-aged men that 

experience prostatitis symptoms frequently between periods of recovery. Risk factors 
include previous acute prostatitis, history of prior manipulation of the urinary tract, 
diabetes, and smoking. 

 

❖ Is urine sterile? 

 Recent data suggest that the normal, healthy bladder is not always sterile, and a picture of the 
urinary microbiome is emerging. 

❖ This urine sample was obtained by transurethral 
catheter from a woman: 
o a | 1 μl urine was spread on a blood agar plate and 

incubated for 24 h at 35°C. This technique is part of the 
standard urine culture protocol.  

o b | 100 μl urine from the same patient was spread on a 
blood agar plate and incubated at 35 °C for 48h. 
Increased growth of bacterial colonies can be seen, demonstrating that the urine sample was 
not sterile, despite being obtained directly via a transurethral catheter.  

o The previous results suggested that maybe we don’t have the proper techniques to retrieve 
normal flora of the urine. Further investigation is required to establish a full profile of the 
urinary microbiota.   

 

 

 


